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Jade.  SeeNEPHKiT. 

JARGON.  See  Zircon. 

JASPER-^  Of  this  mineral  there  are,  ac- 
cording to  Werner,  the  four  following  fubfpe- 
cies. 

I.  Subfp.  Egyptian  Jafper,  Egyptian  Pebble. 
Egyptifcher  Jafpis,  Wern.  Jafpe  Egypt ien,  Broch. 

This  Jafper  always  exhibits  two  or  more  co- 
lours in  concentric  zones  or  bands,  more  or 
lefs  regular,  with  interfperfed  fpots,  or  dendritic 
figures.  That  part  nearefl;  the  centre  is  almofl; 
always  the  lighted:  coloured,  and  is  of  a yel- 
lowifh-grey  pafiing  into  cream-yellow ; ^the 
other  colours  that  this  mineral  exhibits ' are 
chefnut  and  yellowifh-brown,  more  rarely 
blood-red  and  brownifli-red.  It  occurs  in 
rounded  pebbles  or  fragments,  the  furface  of 
which  is  rough  and  dull.  Internally  it  is  glim- 
mering. Its  fradJure  is  between  flat  conchoidal 
and  fplintery.  Its  fragments  are  indetermi- 
nately angular  fharp-edged.  It  is  very  flightly 
tranflucent  on  the  edges.  Its  hardnefs  is  fome- 
what  inferior  to  that  of  quartz  ; it  is  brittle  and 
eafily  frangible.  Sp.  gr.  2.5  6 — 2.6. 

It  is  infufible  before  the  blowpipe  without 
addition. 

It  is  found  abundantly  in  Egypt  and  the 
adjoining  defarts  in  rolled  pieces  along  with 
other  filiceous  ftones,  conftituting  a breccia. 
From  the  foft  tone  of  its  colours  and  the  high 
|»olifh  that  it  is  fufceptible  of,  it  is  applied  to 
the  fame  ornamental  purpofes  as  agate. 


J AS 

2.  Sub/p.  Striped  Jafper,  Ribband  Jafper. 
Band  Jafpis,  Wern.  Jafpe  rubane,  Broch. 

The  colours  which  this  mineral  prefents  are 
pearl-grey,  greenilh  and  yellowifh  grey,  yel- 
lowlfli  and  greenilh  white,  ochre  and  Ifabella 
yellow,  flelh-red,  blood  and  cherry  red,  and 
lavender-blue : they  are  arranged  in  bands  or 
flame-lhaped  figures,  or  in  veins  or  dots.  It 
occurs  in  mafs : is  internally  dull  except 
where  the  admixture  of  foreign  particles  gijes 
it  a flight  degree  of  lullre.  Its  fracture  is 
conchoidal,  fometimes  approaching  to  fplintery 
or  earthy  : its  fragments  are  indeterminately 
fliarp-edged.  It  is  opake  or  flightly  tranflucent 
on  the  edges.  In  hardnefs,  frangibility,  and 
fpecific  gravity,  it  agrees  with  the  preceding 
fubfpecies. 

It  occurs  in  large  beds,  and  in  Sibeiia  feems 
to  form  entire  hills.  It  is  found  abundantly 
and  very  beautiful  in  Siberia ; alfo  in  Saxony, 
the  Hartz,  and  Sicily.  It  receives  a high 
polifh,  and  is  ufed  for  ornamental  purpofes. 

3.  Subfp.  Porcellanite.  Porzellan  Jafpis, 
Wern.  Jesfp^  Porcelaine,  Broch. 

The  colours  exhibited  by  this  mineral  are 
fmoke-grey,  yellowifh  and  pearl-grey,  lilac  and 
lavender  blue,  orange  and  ochre  yellow,  ftraw, 
fulphur,  and  Ifabella  yellow,  brick-red,  blood 
and  flefh  red,  yellowifh  and  reddifh  brown, 
bluifli  and  greyifh  black,  and  rarely  mountain- 
green.  It  prefents  in  general  only  one  colour, 
but  is  fometimes  fpotted  and  clouded.  The 
lavender-blue  varieties  often  contain  brick-red 
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vegetable  impreffions.  It  occurs  In  mafs  and 
in  angular  pieces,  and  is  often  cracked  and 
Tifty,  It  has  a flight  degree  of  internal  luftre. 
Its  fracture  is  imperfeftly  flat  conchoidal, 
pairing  into  uneven  and  earthy,  fometimes  alfo 
tending  to  flaty.  It  is  opake,  lefs  hard  than  the 
preceding  fubfpecies,  very  brittle,  and  eafily 
frangible. 

Before  the  blowpipe  it  melts  per  fe  Into  a 
black  flag.  Its  conllituent  parts,  according  to 


hi.  Rofe,  are 

Silex  - - - 60.75 
Alumine  - - 27.25 
Magnelia  - - 3. 

Oxyd  of  iron  2.5 
Potafii  - - 3.66 


It  forms  beds  in  pfeudo-volcanic  hills,  and  is 
fuppofed  to  be  argillaceous  fchiftus  altered  by 
the  combuflion  of  beds  of  coal.  It  occurs  plen- 
tifully in  Bohemia. 

This  mineral  -fecms  to  be  placed  among  the 
jafpers  v/ith  little  propriety,  being  eflentially 
diftin£l  from  them  by  its  fufibility,  hardnefs, 
and  geological  fltuation. 

4.  Subfp.  Common  Jafper.  Gemelner  Jafpis, 
Wern.  Jafpe  csmmun,  Broch. 

The  ufual  colours  of  this  mineral  are  browns 
and  reds  of  various  fhades,  alfo  lemon,  ochre, 
and  Ifabella  yellow.  It  exhibits  in  general  only 
one  colour,  but  is  fometimes  fpotted,  clouded, 
or  ftriped. 

It  occurs  maffive  and  in  rolled  pieces.  Inter- 
nally it  poflefles  a flight  luftre  between  vitreous 
and  refinous.  Its  fra&ure  is  conchoidal,  pafting 


into  even  and  fine  earthy.  It  is  opake,  lome- 
times  flightly  tranflucent  cn  the  edges.  In 
hardnefs  it  nearly  equals  the  firft  fubfpecies. 
It  is  brittle  and  eafily  frangible.  Sp.  gr.  2.3 

“^•7* 

It  is  entirely  fufible  per  fe  before  the  blow- 

P'P^* 

It  occurs  In  veins  in  primitive  mountr  ins,  and 
In  amygdaloid  : it  is  alfo  a conllituent  part  of 
certain  agate  nodules,  and  In  this  ftate  is  called 
Jafper  agate. 

It  is  fufceptible  of  a high  polifli,  and  is  In 
confuierable  requeft  for  various  ornamental  pur- 
pofes. 

5.  Suhfp.  Opal  Jafper.  Opal  Jafpisy  Wenu 

Its  colours  are  reds  and  browns,  rarely  ochre 
yellow.  The  colour  is  uniform  or  difpofed  in 
dots,  veins,  and  clouds.  It  occurs  in  mafs. 
Internally  It  is  fhining  with  a luftre  between 
vitreous  and  refinous.  Its  fra£lure  is  flat  con- 
choidal. Its  fragments  are  indeterminate  and 
very  fharp  edged.  It  is  opake  but  fometimes 
tranflucent  on  the  edges.  Is  moderately  hard, 
brittle,  and  eafily  frangible. 

It  is  found  in  nefts  in  porphyry  near  Tokay 
in  Hungary,  in  the  vicinity  of  Conftantinopie, 
and  in  the  Kolyvan  mountains  in  Siberia. 

It  is  the  conne£ling  link  between  jafper  and 
opal,  and  is  diftinguiftiable  from  the  preceding 
fubfpecies,  by  the  livelinefs  of  its  colours,  its 
fuperior  luftre,  and  conftanfc  conchoidal  frac- 
ture. 

JELLY.  See  Gelatin. 

JET.  See  Coal. 

JEW’S  PITCH.  See  Bitumen; 

JUICES  OF  PLANTS.  See  Sap. 
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KALI.  See  Carbonat  of  PoiaJ}}. 

KALKSPATH.  \ . t 

KAJ.KSTEIN.  I See  Limestone. 

KALZEDON.  See  Chalcedony. 

KAOLIN.  See  Clay  Porcelain. 

KARNIOL.  See  Chalcedony. 

KATZENAUGE.  Cat's  eye,  Kirw.  Oeil 
de  Chat.  Broch. 

Its  principal  colour  is  yellowlfti,  greenifh,  or 
afti-grey  j hence  it  paflTes  into  yellowifh-brown, 
hair-brown,  and  hyacinth- red ; it  alfo  fome- 
times exhibits  olive  or  mountain  green  and 
greyifh-black.  When  cut  and  poliflied  it  pre- 
fents  a peculiar  play  of  light  refembling  the  eye 
of  the  animal  from  which  it  takes  its  name. 


It  occurs  in  rounded  and  blunt-edged  fragments 
not  exceeding  the  magnitude  of  a nut.  Inter- 
nally it  is  fhining  with  a refinous  luftre.  Its 
frafture  is  fmall  and  imperfeiflly  conchoidal, 
paffing  into  lamellar.  Its  fragments  are  inde- 
terminately angular,  lharp-edged.  It  is  tranflu- 
cent, rarely  femitranfparent.  Internally  there 
may  be  obferved  frnall  parallel  white  fibres, 
which  are  the  caufe  of  its  peculiar  play  of  light. 
It  is  hard  and  eafily  frangible.  Sp.  gr.  2.6. 

By  expofure  to  the  heat  of  a porcelain  furnace 
it  lofes  its  hardnefs,  luftre,  and  tranfparency, 
and  its  colour  becomes  a pale  grey.  Accord- 
ing to  Sauffure  it  is  fufible,  though  with  great 
dilficulty,  before  the  blowpipe. 
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It  has  been  analyfed  by  Klaproth  with  the 
following  refults : 


Silex  - - - 

95- 

— 94.5 

Alumlne 

1-75 

— 2. 

Lime  - - - 

— 1.5 

Oxyd  of  iron 

0.25 

— 0.25 

98.50 

98.25 

Of  Its  geognoftical  fituation  nothing  Is 
known  with  certainty.  It  is  brought  to  Europe 
from  Ceylon  and  the  Malabar  coaft.  It  is  let 
in  rings,  and  is  in  confiderable  eftimation. 

KEFFEKIL.  See  Meerschaum. 

KELP.  See  Carbonat  of  Soda. 

KERMES  mineral  is  the  Hydrofulphuret  of 
Antimont. 

KERMES.  Coccus  I/icis,  Linn.  Alfo  termed 
by  the  ancients  Coccus  Scarlatinas^  Granum 
TinBortum, 

The  Kermes  is  a fmall  infe£l  formerly  much 
ufed  in  dyeing  fcarlet  and  different  reds, 
and  though  its  me  is  moftly  fuperfeded  at  pre- 
fent  by  the  cochineal,  it  is  ftill  employed  in 
fome  parts  of  Europe,  and  pofleffee  very  valu- 
able properties  as  a dyeing  material.  The  bell 
kermes  was  formerly  colle£led  in  Galatia  and 
Armenia,  but  it  is  now  chiefly  procured  from 
Languedoc  in  France,  and  from  Spain  and  Por- 
tugal. *■ 

The  kermes  lives  on  a fpecles  of  prickly  oak, 
the  female  infeft  (which  is  the  one  ufed)  grows 
to  die  lize  of  a pea,  and  being  of  a round  bulky 
form  it  was  long  miftaken  for  the  fruit  of  the 
tree,  whence  it  was  called  grain  of  kermes,  and 
the  fcarlet  dye  from  it  called  by  the  French 
Ecarlate  de  Grain. 

This  infeft  hangs  to  the  tree  by  a cottony 
down.  About  May  or  June  it  has  acquired  its 
full  fize,  and  is  then  gathered  by  hand,  be- 
ginning generally  about  day-break.  A perfon 
can  colle£l  from  one  to  two  pounds  of  it  a-day. 
It  is  neceli'ary  to  kill  the  infe£t  Immediately, 
to  prevent  the  hatching  of  the  ova  within  its 
body,  which  is  done  by  the  vapour  of  vinegar. 

When  the  living  infe£f  is  crufhed  it  gives  a 
red  liquor,  an  agreeable  fmell,  and  taftes  bitter 
and  (harp.  It  gives  a deep  red  tindture  both 
to  water  and  alcohol. 

The  colour  given  by  this  infecf  to  woollen 
cloth  is  extremely  durable,  but  not  fo  brilliant 
as  that  of  cochineal.  The  colour  does  not  take 
on  filk.  the  article  Dyeing,  p.  384.) 
KIESELSCHIEFER.- 

• Emiuerlinj,  Brochant,  Janiefon. 


This  fpecies  is  divided  by  Werner  into  the 
two  following  fubfpecies. 

1.  Subfp.  Siliceous  Schiftus,  Kirw.  Ge- 
meiner  Kiefelfchiefer , Wern.  Schijle  ftlicemc  com- 
mtWy  Broch. 

Its  principal  colour  is  afli-grey,  bluifli  or 
greenifh  grey,  with  occafional  fpots  and  ftripes 
of  red.  It  is  often  traverfed  by  veins  of  quartz. 
It  occurs  in  mafs  forming  wliole  beds,  or  in 
fmooth  rounded  pieces.  Internally  it  is  dull, 
rarely  a little  glimmering.  Its  frafture  in  the 
great  is  for  the  moft  part  imperfe£Uy  flaty ; in 
the  fmall  is  intermediate  between  fplintery  and 
uneven,  inclining  fometimes  to  flat  conchoidal. 
Its  fragments  are  fharp-edged,  indeterminate. 
It  is  opake,  occafionally  fomewhat  tranflucent 
on  the  edges.  It  is  hard,  but  not  very  difficult 
to  break,  and  is  moderately  heavy. 

Before  the  blowpipe  it  becomes  white  and 
friable.  It  occurs  in  thick  beds  for  the  moft 
part  among  tranfition  mountains  •,  in  Bohemia, 
Saxony,  SwilTerland,  the  South  of  Scotland,  and 
Siberia,  &c. 

Siliceous  fchiftus  appears  to  have  a confider- 
able connexion  with  argillite,  and  is  fuppofed 
by  Wiedenmann  to  be  only  this  fubilance 
hardened  by  containing  a larger  proportion 
than  ufual  of  filex.  It  is  one  of  the  numerous 
rock  mafles  on  which  the  appellation  Hornf- 
chiefer  has  been  beftowed  by  the  Germans,  a 
name  which  has  very  properly  been  exploded 
by  Werner. 

2.  Subfp.  Lydian  Stone.  Touchftone.  Ba~ 
fanitCy  Kirw.  Lidifcherjleiny  Wern.  Pierre  de 
LydiCf  Broch. 

Its  colour  is  greyifti,  paffing  Into  bluilh-black. 
It  occurs  in  mafs  and  in  rounded  fragments ; 
and  is  generally  penetrated  by  veins  of  Quartz. 
Internally  it-  is  glimmering.  Its  frafture  is 
even,  approaching  to  conchoidal  and  fometimes 
to  fplintery  : in  mafs  it  is  generally  flaty.  Its 
fragments  are  Indeterminate  and  fliarp  edged, 
often  trapezoidal.  It  is  opake,  moderately 
hard,  and  eafily  frangible.  Sp.  gr.  2.4  to  2.8. 

It  is  found  in  fimilar  fituations  with  the  pre- 
ceding. 

From  its  hardnefs  and  colour  it  is  ufed  as  a 
touchftone  to  afcertain  the  comparative  purity 
of  the  various  kinds  of  gold  and  filver  alloys. 

Its  black  colour  is  affirmed  by  Humboldt  to 
be  caufed  by  a portion  of  carbon. 

KILKENNY  COAL.  See  Coal. 

KLINGSTEIN.»  Wern.  Pierre  fonnantey 
Broch. 

‘ Jjniefon,  Brochant. 
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Its  colour  is  dark  greenifli-grey,  paffing  into 
yellowifh  and  afh  grey,  or  light  olive-green  or 
liver  brown.  It  occurs  in  mafs.  The  crofs 
fra£ture  is  ahnoft  dull,  the  longitudinal  frac- 
ture is  gliftening.  The  crofs  fradfure  is  fplin- 
tery,  paffing  into  conchoidal ; the  longitudinal 
frafture  is  more  or  lefs  flaty.  It  breaks  into 
indeterminate  ffiarp-edged  fometimes  tabular 
fragments.  In  the  great  it  often  occurs  in 
columnar  maffes.  It  is  ufually  tranflucent  on 
the  edges.  It  is  confiderably  hard,  and  not 
very  ealily  frangible.  "When  ftruek  with  a 
hammer  it  gives  a ringing  metallic  found, 
whence  its  name.  Sp.  gr.  2.57. 

It  melts  eafily  before  the  blowpipe,  and  gives 
a clear  almoft  colourlefs  glafs. 

According  to  an.  analyfis  made  by  Klaproth' 


it  confifts  of 

Silex  - _ - 

57-25 

Alumine 

23-5 

Lime 

2-75 

Oxyd  of  iron 

3-25 

— manganefe 

0.25 

Soda  - _ - 

8.1 

W ater 

3- 

98.1 

) 

According  to  Werner  it  belongs  to  the  floetz 
trap  formation  ; refting  upon  bafalt,  into  which 
it  frequently  paffes.  It  often  contains  cryftals 
of  felfpar,  and  then  forms  date  porphyry.  It 
is  reckoned  by  Reufs  to  belong  to  the  primitive 
rocks. 

It  occurs  in  the  middle  mountains  of  Bohe- 
mia ; the  Donnerfberge  in  particular,  near  Mil- 
lefchau,  a conical  mountain  above  2500  feet 
high,  confifts  entirely  of  this  mineral.  It  has 
alfo  been  obfcrved  by  Jamefon  in  the  ifland  of 
Lamlaffi,  in  the  Frith  of  Clyde.  Very  beau- 
tiful varieties  of  it  alfo  occur  in  rock  maffes 
between  Lanberris  and  Caernarvon  in  Nortlt 
Wales. 

KOHLENBLENDE.  See  Coal. 

KRAGG.  See  Basalt. 

KREIDE.  See  Chalk. 

KREUTZSTEIN.  See  Staurolite. 

KRISOBERIL.  See  Chrysoberyl. 

KRISOLITH.  See  Crysolite. 

KRYSOPRAS.  See  Chrysoprash. 

KUNKELS  PHOSPHORUS.  See  Phos- 
phorus. 

KUPFER  NICKEL.  See  Nickel. 
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LABORATORY.  (See  the  Appendix.) 

LABRADOR-STONE.  See  Felfpar. 

LAC-(Gum.)  Lacque,  Fr. 

Gum-Lac,  as  it  is  ufually  termed,  is  a fub- 
ftance  properly  neither  a gum  nor  a refin,  but 
a very  lingular  compound  which  is  prepared  by 
the  female  of  a very  minute  infe£l:,  the  Coccus 
Lacca,  which  is  found  on  a few  fpecies  of 
trees  in  fome  parts  of  the  Eaft  Indies,  particu- 
larly on  the  Banyan  Fig,  and  the  Rhamnus  Ju- 
juba  or  Biher.®  The  infe<£l  is  nouriflied  by 
the  tree,  fixing  itfelf  upon  the  twigs  and  extre- 
mities of  the  fucculent  branches,  where  alfo  it 
depofits  its  eggs,  which  it  glues  to  the  branch 
by  a red  femi-pellucid  liquid,  the  outfide  of 
which  hardens  in  the  air  and  alfo  ferves  as  a 
cell  for  the  parent  infeft.  'This  gradually  in- 
creafes,  and  when  at  its  greateft  fize  appears 
ns  an  oval  fmocth  red  bag,  full  of  a beautiful  red 
liquid.  When  the  eggs  are  hatched,  the  young 
infects  appear  firft  to  feed  upon  the  inclofed 
liquid,  and  after  this  is  expended  they  eat 
through  the  invefting  coat,  leaving  a hollow  red 
lefincus  bag  which  is  the  Stick  Lac.  The  lac 
“ Kerr  in  Pliil.  Tranf.  vol.  Ixxi. 


therefore  appears  in  the  economy  of  the  infe£t 
to  anfwer  the  double  purpofe  of  food  and  pro- 
tection to  the  young  animal,  and  when  exa- 
mined each  bag  is  found  to  be  in  diftinCt  cells 
like  a honeycomb,  but  of  different  fhape. 

Lac  is  an  article  of  great  importance  in  many 
arts  and  in  commerce.  The  belt  is  procured 
from  the  province  of  Akam,  but  it  is  found  in 
great  abundance  on  the  uncultivated  mountains 
on  each  fide  of  the  Ganges. 

The  only  trouble  of  collecting  the  rough  or 
flick-lac  is  that  of  breaking  down  the  branches 
and  carrying  them  to  market  j but  for  the  pur- 
pofe of  dying  it  is  taken  before  the  young  in- 
feCls  have  eaten  their  way  through  the  bag,  that 
is  while  the  red  liquor  remains  within  it. 

The  beft  lac  is  of  a deep-red  co-lour,  and 
the  liquid  within  the  cells  has  a fweetiffi  tafle, 
wffiich  in  India  is  ufed  immediately  as  a dye 
being  mifcible  with  water. 

There  are  four  kinds  of  lac  known  in  com- 
merce, namely — 

I.  Stick  lac,  which  is  the  lac  in  its  natural 
ftate,  wdthout  any  preparation. 

‘ Saiuiders  in  Phil.  Tranf.  vol.  Ixxix. 
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2.  Seed-lac,  which  is  the  former  kind  broken 
into  fmall  lumps,  granulated  and  picked. 

3.  Lump-lac,  which  is  feed  lac  liquified  by 
fire. 

4.  Shell-lac,  which  is  the  cells  of  the  ftick 
lac,  liquified  by  gentle  heat,  ftrained  and  formed 
into  thin  tranfparent  lamina:  in  the  following 
fimple  manner. 

It  is  broken  into  fmall  pieces  and  picked 
from  the  branches  and  flicks  and  put  into  a 
canvas  bag.  This  is  placed  over  the  fire,  and 
frequently  turned  till  the  lac  is  liquid  enough 
to  pafs  through  its  pores,  when  it  is  taken  off 
and  fqueezed  by  two  men  in  different  directions 
dragging  it  along  the  convex  part  of  a plantain 
tree  prepared  for  the  purpofe.  The  degree  of 
prelTure  on  the  plantain  tree  regulates  the  thick- 
nefs  of  the  fhell. 

Of  the  above  three  forts  of  lac  only  the  ftick, 
fliell,  and  feed  lac  are  known  in  commerce. 

There  is  befides  a white  or  yellowifh  lac 
brought  from  Madagafcar,  highly  refemWing 
the  pe-la  of  the  Chinefe,  which  has  been  very 
ably  examined  by  Dr.  Pearfon,  and  will  be  pre- 
fently  noticed.  ( See  the  next  article.) 

The  three  fpecies  of  common  lac  have  lately 
been  analyzed  by  Mr.  Hatchett, and  the  fol- 
lowing is  an  abftraCl  of  the  leading  fads  and 
of  the  general  procefs. 

When  water  is  poured  on  the  ftick-lac 
coarfely  powdered  it  foon  begins  to  turn  red, 
and  by  heating  a crimfon-coloured  folution  is 
obtained. 

Shell-lac  lofes  by  this  about  10  per'cent.  of 
its  weight,  and  the  undilfolved  refidue  becomes 
yellowifh-brown. 

Seed-lac  lofes  about  3 per  cent,  and  fhell-lac 
no  more  than  per  cent. 

The  watery  folution  contains  the  colouring 
extract^  one  of  the  ingredients  of  lac,  but  does 
not  extrad  the  whole  at  once  on  account  of  its 
intimate  union  with  the  other  conftituent  parts. 

Alcohol  diffolves  a large  portion  of  all  the 
kinds  of  lac.  When  heat  is  not  ufed  the  folu- 
tion contains  a part  of  the  colouring  extrad, 
and  a large  quantity  of  a refm  v/hich  may  be 
feparated  from  the  folution  by  evaporation  or 
by  adding  the  folution  to  v/ater,  acidulated 
with  muriatic  or  acetic  acid  and  heating,  when 
the  refill  will  form  a curdy  coagulum.  The 
portion  foluble  in  cold  alcohol,  and  which  is 
entirely  refm,  except  a little  extrad,  amounts 
to  about  68  per  cent,  from  ftick-lac,  88  per 
cent,  from  fine  feed-lac,  and  81  per  cent,  from 
fliell-lac,  but  in  the  latter  cafe  about  10  more 
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of  refin  remain  mixed  with  the  other  ingre^ 
dients.  Hot  alcohol  dilTolves  alfo  other  parts 
of  the  lac  which  are  not  eafily  feparable  again. 

Sulphuric  ether  diifolves  lefs  of  lac  than 
alcohol,  and  is  not  fo  ufeful  in  analyfis. 

Nitric  acid  digefted  with  lac  caufes  it  to  fwell 
much  and  converts  it  to  a bidttle  ppake  yellow 
fubftance,  which  more  of  the  acid  diflblvev 
after  48  hours  digeftion.  The  folution  poured 
into  water  feparates  fome  yellow  flocculi  which 
are  found  to  be  a kind  of  •wax.  The  remaining 
liquor  is  of  a bright  yellow,  contains  neither 
oxalic  nor  malic  acid,  and  by  evaporartion  leaves 
a refinous  matter  again  foluble  in  water.  The 
alkalies  feparate  nothing  from  this  folution. 
This  acid  therefore  operates  too  powerfully  as 
a chemical  agent,  rather  than  a fimpls  men- 
ftruum,  to  be  very  ufeful  in  mere  analyfis. 

Muriatic  and  acetic  acid  digefted  on  entire 
lac  diflblve  tlie  colouring  matter,  and  another 
fubftance  clofely  refembling  gluten.,  but  they 
ad  but  feebly  and  imperfedly  on  entire  lac, 
thefe  two  fubftances  being  proteded  by  the 
refm  on  which  thefe  acids  have  fcarcely  any 
adion.  This  refm  therefore  Ihould  be  previ- 
oufly  feparated  by  cold  alcohol.  The  prefence 
of  gluten  is  moft  confpicuous  in  fliell-lac,  pieces 
of  which,  after  the  adion  of  alcohol,  retain 
their  figure,  become  more  bulky,  elaltic,  and 
nearly  white.  This  led  Mr.  Hatchett  to  fuf- 
ped  of  the  prefence  of  caoutchouc,  but  from 
the  circumftance  that  boiling  water  deftroyed 
its  elafticity,  it  was  obvious  that  this  fubftance 
was  not  caoutchouc  but  gluten. 

Potafli  and  foda,  and  carbonat  of  foda,  com- 
pletely diflblve  all  kinds  of  lac,  and  carbonat  of 
potafh  partially.  About  -j-  of  the  weiglit  of 
carbonat  of  foda  is  fulficicnt.  Thefe  folutions 
are  faponaceous  and  purple.  By  repofe  a feum 
or  cream  rifes  to  the  furface,  which  is  part  of 
the  wax,  and  the  remainder  may  be  feparated 
by  acids. 

Lac  therefore  is  found  by  thefe  experiments 
to  confift  of  a colouring  extrad  of  refm,  gluten, 
and  wax,  all  of  them  in  intimate  combination, 
but  feparable  almoft  entirely  by  a judicious 
order  and  feledion  of  the  dift’ereiit  re-agents. 

The  general  properties  of  each  of  thefe  in- 
gredients are  the  following  : 

I.  The  extrad  when  dry  is  of  a deep  crim- 
fon  j foluble  chiefly  but  not  totally  in  water,  hot 
or  cold ; lefs  fo  in  alcohol,  but  the  refidue  after 
the  adion  of  alcohol  dilfciyes  in  watery  infoluble 
in  ether  j partially  foluble  in  muriatic  and  acet- 
ous acid,  giving  a red  liquor  which  is  changed. 
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.lo  puvpie  by  alkalies  ; is  totally  foluble  in  acetic 
acid ; and  equally  fo  in  the  alkalies.  When 
pure  alumitie  is  put  into  the  aqueous  folution, 
and  a few  drops  of  muriatic  acid  added,  a beau- 
tiful coloured  lake  is  precipitated.  A fine  pre- 
cipitate is  alfo  formed  by  muriat  of  tin, 

2.  The  refill  is  brownifli  yellow,  foluble  in 
alcohol,  ether,  acetic  acid,  nitric  acid,  potafh, 
and  foda,  and  is  precipitable  by  water  from  all 
thefe  folvents  except  the  two  lafi. 

3.  The  gluten  is  obtainable  in  two  ways:  if 
the  pieces  of  lac  after  digeftion  in  alcohol  be 
digefted  with  dilute  acetic  or  muriatic  acid, 
moft  of  the  gluten  is  diflblved,  and  may  be 
precipitated  by  alkalies  added  in  due  proportion; 
but  is  rediffblved  by  an  excefs  of  them,  and 
then  is  feparable  by  acids.  It  much  refcmbles 
the  gluten  of  wheat. 

4.  The  wax  is  found  floating  like  oil  on  the 
folution  of  lac  after  long  boiling  in  nitric  acid, 
which  takes  up  every  thing  elfe,  and  congeals 
when  cold;  or  it  may  be  more  eafily  procured, 
by  firfl;  digefting  the  lac  with  cold  alcohol,  and 
treating  the  refiduum  with  boiling  nitric  acid, 
which  will  feparate  the  wax. 

Thus  obtained  it  is  white,  of  the  confiftence 
of  bees  wax,  melts  at  a lefs  heat  than  boiling 
water,  and  burns  with  a white  flame  and  fmell 
like  fpermaceti.  It  is  infoluble  in  cold  alcohol, 
but  with  a boiling  heat  a portion  is  diflblved, 
moft  of  which  feparates  by  mere  cooling,  and 
the  reirjainder  by  affufion  of  water,  Potafti 
boiled  with  the  wax  forms  a milky  folution,  but 
the  chief  part  of  the  wax  floats  at  the  top,  and 
feems  to  be  converted  into  a kind  of  foap,  hardly 
foluble,  and  inflammable.  Acids  feparate  the 
remainder  of  the  w’ax  from  the  alkaline  folution. 

Ammonia  diflblves  a fmall  portion  of  the 
wax  ; nitric  and  muriatic  acid  none.  This 
wax  bears  the  ftrongeft  analogy  with  the  wax  of 
the  Myrica  or  Candleberry  Myrtle.  {See  the 
article  Wax.) 

Stick  lac  was  analyzed  by  Mr.  Hatchett  in 
the  following  way. 

A.  200  grains  were  repeatedly  digefted  in 
boiling  water,  and  the  red  folution  evaporated, 
left  18  grains  of  extract. 

B.  The  refiduc  of  the  laft  procefs  was 
digefted  in  repeated  portions  of  alcohol,  without 
heat  for  forty-eight  hours,  and  thefe  folutions 
evaporated,  gave  136  grains  of  refm. 

C.  The  refidue  of  the  laft  was  again  di- 
gefted in  boiling  water,  and  2 grains  more  of 
extract  were  obtained. 

D.  The  refidue  of  the  laft  was  boiled  with 


one  ounce  of  muriatic  acid,  with  two  of  water, 
and  the  folution  faturated  with  carbonat  of 
potalh  which  gave  a precipitate  of  ii  grains 
when  dry, ''which  was  gluten. 

E.  The  refidue  from  the  laft  confifted  of  wax 
entangling  bits  of  twigs  and  other  accidental  im- 
purities. Part  of  it  was  feparated  by  melting 
and  (training  through  linen,  and  the  remainder 
was  boiled  with  potafti.  The  whole  wax  thus 
obtained  was  I2  grains,  and  13  grains  of  the 
impurities  remained. 

The  (hell  lac  was  analyfed  in  a more  com- 
plex way,  the  refin  and  wax  being  more 
intimately  united  in  this  fpecies  of  lac  than  the 
others,  and  on  account  of  its  texture  not  being 
reducible  to  fine  powder.  The  proceffes  A.  B. 
C.  D,  being  repeated  as  in  the  laft,  the  refidue 
was  digefted  Ibme  days  in  the  cold,  in  three 
ounces  of  acetic  acid,  after  which  half  a pint  of 
alcohol  was  added,  and  the  whole  heated, 
whereby  the  wax  was  feparated  in  a very  pure 
ftate.  The  aceto-alcoholic  tinfture  which  was 
brown  was  then  poured  into  water,  which 
became  milky,  and  being  heated  and  filtered, 
more  refm  feparated  in  a curdy  form.  The 
remaining  clear  liquor  was  then  faturated  with 
carbonat  of  pota(h,  and  a further  portion  of 
gluten  was  obtained. 

The  three  different  fpecies  of  lac  being  ana- 
lyzed, gave  the  following  proportions:  100 
parts  of  ftick-lac  gave  68  of  refin,  10  of  colour- 
ing extradf,  6 of  wax,  5.5  of  gluten,  and  6.5 
of  extraneous  fubftances:  too  parts  of  feed-lac 
gave  88.5  of  refill,  2.5  of  extradi,  4.5  of  wax, 
and  2 of  gluten:  too  parts  of  ftiell  lac  gave  90.9 
of  refin,  0.5  of  extradf,  4.  of  wax,  and  2.8  of 
gluten. 

Lac  is  employed  for  a variety  of  purpofes 
in  the  arts,  both  in  India  and  elfewhere.* 
The  finer  pieces  of  ftiell-lac  are  cut  into  orna- 
ments of  various  kinds,  fuch  as  beads  and  neck- 
laces ; the  fliell-lac  enters  largely  into  the 
compofition  of  fealing  wax,  and  hard  japans  or 
varnifties,  hence  called  lacquers^  and  lac  is  alfo 
ufed  for  dyeing.  For  this  laft  the  ftick-lac  is 
the  only  kind  employed,  as  the  colouring  mat- 
ter chiefly  refides  In  the  extraift,  of  which  the 
fhell-iac  contains  a very  fmall  proportion,  but 
on  the  other  hand  as  this  has  much  more  refin, 
it  is  greatly  preferable  for  varnifties  and  lacquers. 
A compofition  of  rough  angular  fand  melted 
wdth  lac  is  much  employed  in  India  as  the 
material  for  grindftones,  which  are  caft  into  a 
circular  ftiape,  and  when  well  managed,  they 
cut  very  fall.  The  lapidaries  ufe  corundum 
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powder  inftsail  of  fand,  and  form  with  lac  a 
compofition  for  grinding  and  poliftiing  gems. 

LAC  {White).  \ A white  or  yellowilh- 

LACCIC  ACID.  / white  waxy  matter,  the 
pTodu(ftion  of  infecSs,  and  called  in  Madras 
PFhite  lac,  was  firft  particularly  noticed  by 
Dr.  Henderfon  about  the  year  1786,  and  fup- 
pofed  by  him  to  refemble  very  clofely  the  Pe-la 
of  the  Chinefe,  or  white  wax  ufed  in  varnifhes, 
for  candles,  &c.  Some  of  this  white  lac  fcnt 
over  to  England  about  the  year  179],  M'as 
examined  by  Dr.  Pearfon  with  the  following 
refults.* 

The  white  lac  Is  in  grey,  opake,  rough, 
voundifh  pieces,  of  about  the  hze  of  a pea.  It 
has  a faltilh  and  bitterifh  tafle,  but  when  frefli 
gathered  it  appears  from  Dr.  Andevfon’s  ac- 
count to  have  ar  fweetilh  and  delicious  flavour. 
On  prefling  the  pieces  between  the  finger',,  a 
faltifh  liquid  oozes  out.  White  lac  has  no 
fmell  unlefs  when  rubbed.  After  melting  and 
{training  it  finks  in  water. 

When  heated  in  water  it  melts  at  145°,  and 
then  a reddiflr  liquid  feparates  from  the  lac  and 
mixes  with  the  water.  This  liquid  has  the  fol- 
lowing properties.  It  gives  inftantly  a red 
colour  to  litmus  ; its  fpecific  gravity  is  1025  » 
its  tafte  is  faltifh  but  not  four.  Evaporated 
confiderably  it  depofits  fmall  needle-like  cryf- 
tals  mixed  with  a ilimy  fediment.  The  liquor 
on  diflillation  gives  a clear  fluid  which  dif- 
folves  chalk  and  carbonat  of  foda  with  efFer- 
vefcence,  and  in  fo  doing  it  becomes  neutral- 
ized, and  no  longer  turns  litmus  red.  By  heat 
the  whole  of  this  fubftance  is  volatilized  and  de- 
flroyed,  giving  only  the  common  produ£fs  of 
animal  matter.  From  its  reddening  litmus  and 
neutralizing  the  alkaline  and  earthy  carbonats, 
this  fubftance  is  inferred  to  be  an  acid,  and 
from  its  deftrudfibility  by  heat  it  probably  be- 
longs to  the  clafs  of  animal  or  vegetable  acids, 
but  it  does  not  accurately  agree  with  any  of  the 
other  acids  in  all  its  properties.  It  is  there- 
fore either  fome  known  acid  modified  in  its 
chemical  properties  by  union  with  fome  other 
part  of  the  lac,  or  elfe  it  is  a peculiar  acid  to 
which  the  term  laccic  acid  may  be  given. 

The  whitifh  lac  remaining  after  the  acid  or 
faline  liquid  has  been  thoroughly  feparated  by 
wafhing  was  of  the  colour  of  bees-v/ax,  and  hard 
and  brittle  as  refin.  On  digefting  it  with  folu- 
tion  of  potafli.  Dr.  Pearfon  found  that  it  became 
brown,  gave  a fmell  like  palm-oil,  and  united 
with  the  alkali  to  a coagulated  mafs,  but  could 
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foap'.  The  folutlon  was  decompofed  by  acids. 
Ammonia  had  nearly  the  fame  effe£t  as  potafli. 
Candles  were  made  of  this  fubftance  vnth  cot-^ 
ton  wicks,  which  burned  rapidly,  and  gave 
much  fmoke  and  a refinous  fmell.  In  this 
refpedt  it  differs  from  the  Chinefe  pe-la,  \vhich 
bums  as  well  as  the  fineft  wax,  and  with  as 
little  fmoke. 

When  the  white  lac  was  heated  with  nitric 
acid  much  nitrous  gas  was  given  out,  and 
a perfect  folution  was  obtained,  but  on  cool- 
ing nearly  the  whole  feparated,  quite  white, 
fcavccly  any  being  found  to  remain  in  the  acid 
liquor.  'Fhe  hot  nitrous  folution  alfo  gave  a 
copious  precipitation  when  poured  into  water. 
This  lac  w'as  totally  diflolved  in  five  parts  of 
oil  of  turpentine,  but  the  folution  grew  turbid 
as  it  cooled.  Ether  diflolved  a tenth  of  its 
weight  of  this  lac,  but  imperfedlly.  Alcohol 
diflolved  by  repeated  afl'ufion  all  but  15  per 
cent,  of  this  lac;  the  hot  laturated  folution 
became  opake  and  thick  by  cooling,  but  when 
fpread  on  paper  it  did  not  leave  a bright  and 
fmooth  varnifli. 

By  various  other  experiments  this  lac  ap- 
peared to  have  the  greateft  chemical  analogy 
with  bees-wax,  though  it  differed  from  it  in  a 
few  particulars,  ^ 

If  obtained  largely  it  probably  might  prove  of 
much  ufe  in  the  arts. 

LAC  SULPHURIS  is  fulphur  feparated  by 
acids  from  its  alkaline  folution.  It  is  fomewhat 
altered  in  the  procefs,.  and  changes  its  lemon- 
yellow  colour  for  a grey  or  yellowiih-vvhite  like 
cream.  • 

It  is  thought  to  be  fomewhat  milder  as  a me- 
dicine. Sulphur.) 

LACTIC  ACID.  See  Milk. 

LAKES.  A Lake  may  be  defined  to  be  an 
intimate  combination  of  colouring  extraiff,  with 
an  earth  or  metallic  oxyd  formed  by  precipita- 
tion from  the  folution  of  the  colouring  matter. 
Thus  if  a folution  of  alum  is  added  to  an  infu- 
fion  of  madder  a mutual  decompofition  takes 
place,  and  part  of  the  alumine  falls  down  inti- 
mately united  with  the  colouring  matter  of  the 
madder.  This  reparation  is  much  aflifted  by 
an  alkali.  ; 

The  lakes  form  fome  of  the  beautiful  pig- 
ments, and  are  much  ufed  in  v/ater-cciour 
painting  and  other  purpofes.  They  are  ainioft 
invariably  compofed  either  of  alum,  or  fome- 
times  the  folutions  of  tin,  and  fome  other  watery 
folution  of  a colouring  maner.  The  n.oft  im- 


not  be  brought  to  the  ftate  of  a true  foiuble 
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Cochineal,  Madder,  Brazil-Wood,  and  feme  other 
cf  the  colouring  materials. 

LAMP-BLACK.  There  are  two  fpecies  of 
lamp-black  in  common  ufe ; one  is  the  light 
foot  from  burning  wood  of  the  pine  and  other 
refinous  kinds,  and  the  other  is  a heavy  black 
prepared  from  bones  by  calcining  them  in  clofe 
veiTels. 

(For  the  former  kind  fee  the  articles  Char- 
coal and  Turpentine,  and  for  the  latter  the 
article  Bone.  Ivory-black  is  of  the  fame  fpecies 
with  that  from  bone.) 

LAPIS  CALAMINAPvIS.  See  Calamine. 
LAPIS  INFERNA.LIS.  See  Lunar  Caus- 
tic. 

LAPIS  LAZULI.  Lazurjleln,  Wern. 
Pierre  d’Azur,  Broch. 

The  colour  of  this  mineral  is  PrulTian-blue, 
fmalt-blue,  or  fky-blue.  It  occurs  in  mafs, 
diffeminated,  or  in  roiled  pieces.  It  poffefles 
a faint-glimmering  luftre.  Its  frafture  is  line 
grained  uneven.  Its  fragments  are  indeter- 
minately angular.  It  is  generally  tranllucent 
on  the  edges.  Its  hardnefs  is  fuperior  to  that 
of  glafs.  It  is  brittle  and  eafily  frangible. 
Sp.  gr.  2.76  to  2.94. 

It  effervefees  llightly  with  acids  when  pul- 
verized. Before  the  blowpipe  it  lofes  its  colour 
and  runs  into  a whitifh  enamel.  When  cal- 
cined, and  then  treated  with  the  mineral  acids, 
it  forms  with  them  a gelatinous  mafs.  When 
heated  it  becomes  phofphorefcent.  A low  red 
heat  dees  not  impair  its  colour.  It  has  been 
analyzed  by  Klaproth,^  and  appears  to  confift 
of 
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This  beautiful  mineral  is  faid  to  be  found  in 
a vein  accompanied  by  garnet,  feifpar,  and 
pyrites,  near  the  lake  Baikal  in  Siberia.  It  is 
alfo  found  in  Chinefe  Tartary.  Alfo  in  Perfia, 
Bucharia,  and  the  Illand  Hainan  in  the  Chiriefe 
fea.  It  generally  occurs  mixed  with  feifpar, 
-quartz,  and  iron  pyrites,  which  lad  was  for- 
merly millaken  for  fpecks  and  fpangles  of  native 
gold. 

From  its  colour,  and  the  high  polilli  that  it 
is  capable  of  receiving,  k is  ufed  in  various 

• Analyt.  Eff. 
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ornamental  work,  fuch  as  Inlaying,  feal-ftones, 
&c.  It  is  alfo  highly  valued  by  painters,  as 
atfording  that  beautiful  and  permanent,  but  ex- 
penfive  pigment,  ultramarine  blue. 

LAPIS  LYDIUS.  See  Kieselschiefer. 
LAPIS-  OLLARIS.  See  Potstone. 

LAVA.  Lave,  Broch. 

The  colour  of  lava  is  greyifli  or  greenilh- 
black,  greenilh-grey,  or  yellowifh-grey.  It  is 
fpotted  externally  reddilh  or  yellowifn  brown, 
yellowifh-white,  or  fulphur-yellow.  It  occurs 
porous,  carious,  or  veficular.  Its  luftre  is 
vitreous,  more  or  lefs  gliftening.  Its  fradlure 
is  imperfeftly  conchoidal,  palling  into  fine 
grained  uneven.  It  is  llightly  tranflucent  at 
the  edges.  Is  moderately  hard,  brittle,  eafily 
frangible,  and  light.  It  generally  attradbs 
ftrongly  the  magnetic  needle.  It  is  eafily  fufi- 
ble  into  a black  compafl  glafs. 

It  generally  inclofes  other  folTils,  efpecially 
cryftals  of  feifpar,  augite,  hornblende,  and  leu- 
cite. 

It  is  the  produdl  of  Etna,  Vefuvius,  Hecla, 
and  other  volcanoes. 

On  account  of  Its  ligbtnefs  it  Is  much  em- 
ployed in  building  ; and  when  difintegrated  by 
the  adlion  of  the  air  forms  a foil  of  remarkable 
fertility. 

LAVA  GLAS.  See  Chalcedont. 

LAZULITE.  Lazulith,  Wern.  LazuHthe, 
Broch. 

The  colour  of  this  mineral  Is  a deep  fmalt- 
blue.  It  occurs  diffeminated  in  fine  grains  or 
mafles  of  the  fize  of  a hazle-nut.  The  latter 
often  prefent  the  appearance  of  fhort  tetrahe- 
dral prifms.  Its  fradlure  is  uneven  with  a 
glimmering  luftre.  It  is.  opake,  palTing  to 
tranflucent.  When  pulverized  it  has  a bluifli- 
white  colour.  Its  hardnefs  is  nearly  equal  to 
that  of  quartz.  It  is  brittle,  and  eafily  frangible. 

At  a red  heat  it  lofes  its  colour  and  becomes 
grey.  It  is  infufible  per  fe  before  the  blowpipe, 
but  with  borax  runs  into  a clear  yellow  glafs. 
It  is  with  difficulty  afted  on  by  the  acids,  and  its 
colour  is  unalterable  by  cauftic  alkali,  at  the 
common  temperature.  It  contains,  according 
to  Klaproth,  filex,  alumine,  and  oxyd  of  iron, 
but  neither  carbonat  nor  fulphat  of  iron. 

It  occurs  at  Vorau  in  Austria,  mixed  with 
quarts,  and  forming  a fmall  vein  in  micaceous 
fchiftus. 

LAZULITE  (of  Flauy).  See  Lapis  Lazuli. 

LAZURSTEIN.  See  Lapis  Lazuli. 

LEAD.  Plumbum,  Lat.  Plomb,  Fr.  Bley,, 
Germ.  Satwnus,  Alchem, 

I.  p.  168. 
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Leai’  is  a metal  of  a bluifh-grey  colour,  is 
maljeal  le,  duftile,  and  iiielaftic : it  is  very  foft, 
is  fufiK  ; at  lefs  than  a red  heat,  is  eafily  oxyd- 
able  by  expofure  to  the  air  when  melted,  and 
its  oxyd  is  eafily  fufible  into  a tranfparent  yel- 
low glafs. 

§ I.  Ores  of  Lead. 

Sp.  r.  Galena. 

C)f  this  there  are  the  two  following  fub- 
fpecies. 

I Subfp.  Common  Galena.  Gemeiner  Blei- 
glanz,  Wern.  Galtnej  Broch.  Plomh  Sulfur 
Hauy. 

Its  colour  is  a more  or  lefs  perfect  lead-grey, 
inclining  in  fome  varieties  to  blackilh  ; it  fome- 
times  prefents  fuperficially  an  iridefcent  tarnifli. 
It  occurs  in  mafs,  difleminated  or  inverting ; 
alfo  in  particular  Ihapes,  fuch  as  globular,  reni- 
form,  fpecular,  reticulated,  cellular,  cylindri- 
cal, &c.  alfo  cryftallized. 

The  primitive  cry rtal  line  form  of  galena  is 
the  cube,  befideS  which  it  prefents  the  follow- 
ing varieties. 

1.  The  cube  with  its  folid  angles  replaced 
by  triangular  planes. 

2.  The  cube  elongated  and  its  folid  angles 
replaced  by  pentagonal  planes. 

3.  The  perfedl  oiStohedron. 

4.  The  preceding  with  the  edges  replaced  by 
long  pentagonal  planes. 

5.  The  odlohedron  with  the  folid  angles 
doubly  truncated. 

6.  The  o<Slohedron  fingly  truncated  on  the 


folid  angles,  and  doubly  or  trebly  truncated  on 
the  edges. 

The  cryftals  are  rarely  large,  but  generally 
mlddle-fized  or  fmall ; either  grouped  one  upon 
the  other,  implanted,  or  folitary.  Their  planes 
are  commonly  fmooth,  fometimes  drufy,  rarely 
carious  or  rough.  The  external  lurtre  of  ga- 
lena varies,  according  to  its  furface,  from  re- 
fplendent  and  fpecular  to  glimmering.  Inter- 
nally it  varies  from  fpecular  to  glirtering,  and 
its  lurtre  is  metallic.  Its  fradiure  is  lamellar, 
either  plane,  curved,  or  divergent  j this  latter 
partes  into  radiated,  the  rays  being  lliort  and 
broad.  It  is  divifible  in  a three-fold  reftan- 
gular  diredlion,  hence  its  fragments  are  cubical. 
When  in  mafs  it  is  often  compofed  of  granular 
and  rarely  of  lamellar  diftimfl:  concretions.  It 
is  foft,  fome  what  fe£lile,  eafily  frangible. 
Sp.  g.  6.56  to  7.78. 

Before  the  blowpipe  it  decrepitates,  then 
melts,  giving  out  a fulphureous  odour,  and 
when  this  ceafes  a globule  of  metallic  lead  re- 
mains behind. 

Galena  confifts  eflentially  of  lead  and  ful- 
phur  in  the  proportion  of  about  100  of  the  for- 
mer to  15  of  the  latter,  but  befidcs  thefe  in- 
gredients, iron  pyrites,  grey  antimony,  copper, 
gold,  and  filver,  are  found  in  various  propor- 
tions, befides  different  earthy  ingredients,  chiefly 
lime  and  filex.  The  following  are  fome  of  the 
moft  recent  and  accurate  analyfcs  that  have  been 
made  of  this  ore. 


From  Kirfchwald, 

in  Deux  Fonts. 

Kampfftein. 

Ecklerberg. 

Kantenbach. 

Cologne. 

Lead 

- 54- 

- 69.  - 

68.69 

— 64.  — 

63.1 

Sulphur  - 

- 8. 

— 16.  — 

16.18 

— 18.  — 

12. 

Carbonated  lime  and  filex  - 38. 

— 15-  — 

16.13 

— 18.  — 

19.67 

Oxyd  of  iron 

- - - 0 

0 — . 

0 

— 0 — 

3-33 

100 

100 

lOI 

100 

98.1 

■ 

— 



The  above,  analyfes  were  made  by  Vauque- 
lin,  to  which  we  fhall  fubjoin  an  analyfis  of 
galena  from  Durham,  by  Dr.  Thomfon. 

Lead  - - 85.13 

Sulphur  - 13.02 

Oxyd  of  iron  0.5 


98-65 

The  proportion  of  filver  in  galena  varies 
greatly,  from  -3-^^  or  lefs  to  » it  is  obferva- 
ble  that  the  prefence  of  this  metal  confiderably 


impairs  the  lurtre  of  galena,  and  that  it  is 
much  more  frequently  found  in  the  oftohedral 
than  in  the  cubical  varieties  of  this  mineral. 
The  prefence  of  antimony  is  commonly  indi- 
cated by  a tendency  to  the  radiated  fradlure. 

It  is  next  to  pyrites  the  moft  common  of 
metallic  ores,  and  is  found  in  beds  and  veins 
in  primitive,  tranfition,  and  fecondary  moun- 
tains. It  occurs  moft  abundantly  in  argilla- 
ceous fchiftus  and  fecondary  limeft<?ne,  and  is 
almoft  always  accompanied  by  blende  and  cala- 
mine. To  enumerate  the  places  where  it  is 


• Emmerling,  Lenz,  Hauy.  Broihant,  Kiman,  Jameron. 
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found,  would  be  to  mention  almofi;  all  the  mi- 
neral dlflrldts  that  are  known  : we  lhall  content 
ourfelves  therefore  with  pointing  out  the  princi- 
pal mines  of  this  fubflance  in  Britain. 

Thefe  are  fituated  in  Cornwall,  Devonlhlre, 
and  Somerfetfhire  •,  in  Derbylhire,  in  Durham, 
and  the  contiguous  boundaries  of  Lancafliire, 
Cumberland,  and  Weftmoreland ; In  Shrop- 
fiiire,  in  Flint  and  Denbighfliire,  in  Merioneth 
and  Montgomeryfhire ; at  the  lead-hills  in 
Scotland  on  the  borders  of  Dumfrieslhire  and 
Lanarkflilre,  in  Ayrlhire,  and  at  Strontian  in 
Argylefliire. 

Moll  of  the  lead  of  commerce  Is  procured 
from  this  ore ; it  is  alfo  made  ufe  of  without 
any  further  preparation  as  a glazing  for  coarfe 
pottery. 

2.  Suhfp.  Compadl:  galena.  Bletfchweify 
Wern.  G aline  compaSie,  Broch. 

Its  colour  is  fimilar  to  but  generally  fome- 
what  lighter  than  that  of  the  preceding  fubfpe- 
cles.  It  occurs  in  mafs,  dllTemlnated  and  fpe- 
cular  (the  fpecular  in  Derbyfliire  is  known  by 
the  name  of  Jlikenftde).  The  fpecular  variety 
is  fplendent  externally,  the  others  are  only 
glimmering.  Internally  all  the  varieties  are 
flightly  gliftening  with  a metallic  luftre.  Its 
fradlure  is  even,  palling  into  flat  conchoidal. 
Its  fragments  are  indeterminately  angular.  It 
acquires  a polilh  by  frifton  \ is  more  tender 
than  the  preceding  fubfpecles,  and  agrees  with 
it  in  the  reft  of  its  characters.  Sp.  gr.  7.44. 

In  its  habitudes  with  the  blowpipe  it  differs 
from  common  galena  in  not  decrepitating  on 
the  firfh  application  of  heat. 

It  occurs  in  veins  with  common  galena,  and 
always  occupies  the  fides  of  the  vein.  It  is  not 
very  common. 

&p.  2.  Triple  Sulphuret  of  Lead.*= 

Its  colour  is  dark  grey  inclining  to  black. 
It  occurs  cryftalllzed.  Its  primitive  figure  is  a 
rectangular  tetrahedral  prifm,  befides  which  it 
prefents  the  following  varieties. 

1 . The  primitive  cryllal  with  the  folid  angles 
replaced  by  triangular  planes. 

2.  The  fame  with  its  lateral  edges  replaced 
by  rectangular  planes,  forming  an  eight-fided 
prifm. 

3.  The  fame  terminated  by  a very  low  and 
deeply  truncated  tetrahedral  pyramid. 

4.  Four  prifms  with  deeply  truncated  dihe- 
dral fummits  joined  to  each  other  at  their  bafes, 
forming  a reCtangular  crofs. 

The  planes  correfponding  with  the  lateral 
faces  of  the  original  prifm  are  longitudinally 

' Phil.  Tranf. 


ftrlated,  the  others  are  fmooth.  The  cryftals 
are  large  and  middle-fized,  with  a fplendent 
metallic  luftre  both  externally  and  internally. 
Its  fraCture  is  coarfe-grained  uneven.  Inhard- 
nefs  it  ranks  between  calcareous  and  fluor  fpar  j 
is  very  brittle  and  eafily  frangible.  It  leaves  a 
faint  black  trace  when  rubbed  on  paper.  Sp. 
gr.  5.76. 

When  fuddenly  heated  before  the  blowpipe 
it  crackles  and  fplits,  but  if  gradually  heated  it 
melts,  and  on  cooling  forms  a globule  of  a dull 
metallic-grey  colour  j by  further  expofure  to 
the  flame  a white  and  fomewhat  fulphureous 
vapour  is  difengaged,  confifting  of  fulphur  and 
antimony,  and  there  remains  behind  a cruft  of 
fulphuretted  lead,  inclofing  a globule  of  metal- 
lic copper.  It  has  been  analyzed  by  Mr. 
Hatchett  with  the  following  refult. 

17.  Sulphur. 

42.62  Lead. 

24.23  Antimony, 

12.8  Copper. 

1.2  Iron, 


97.85 
2.15  Lofs. 


100. 


It  has  hitherto  been  found  only  In  the  mine 
Huel-Boys,  in  Cornwall. 

Sp.  3.  Blue  Lead  Ore.  Blaubleyerz,  Wern, 
Jidine  de  Plomb  bleue^  Broch. 

Its  colour  is  intermediate  between  lead-grey 
and  indigo-blue ; it  alfo  pafles  fometimes  to 
fmoke-grey  and  black.  It  occurs  fometimes  in 
mafs,  but  ufually  cryftallized  in  fmall  fix-fided 
prifms,  perfeClly  equiangular,  often  a little 
bulging,  and  the  external  furface  of  which  is 
fomewhat  rough  and  dull.  Internally  it  pof- 
fefles  a feebly-glimmering  metallic  luftre.  Its 
frafture  is  even,  palling  into  fine-grained  un- 
even and  flat  conchoidal.  Its  fragments  are 
indeterminately  angular.  It  is  opake,  gives  a 
fhining  metallic  ftreak,  is  foft,  fomewhat  fedlile, 
and  eafily  frangible.  Sp.  gr.  5.46- 

It  fufes  readily  before  the  blowpipe,  then 
burns  with  a weak  blue  flame,  giving  out  a 
penetrating  fulphureous  vapour,  and  is  reduced 
to  a metallic  globule. 

It  has  not  been  regularly  analyzed.  Klap- 
roth difcovered  in  it  fome  phofphoric  acid,  and 
the  other  conftituent  parts  are  probably  fulphur 
and  oxyd  of  lead. 

It  has  hitherto  been  found  only  at  Zfchoppau 
1804,  p.  30. 
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in  Saxony,  in  veins  accompanied  by  black  and 
brown  lead  ores,  carbonat  of  lead,  malachite, 
quartz,  fluor  fpar,  and  heavy  fpar. 

Sp.  4.  Carbonat  of  Lead,  Bleyerz, 

Wern.  Mine  de  Plomb  blanche^  Broch. 

Its  colour  is  greyilh  or  yellowifli-white,  yel- 
lowilh-grey,  cream-yellow,  and  light  clove- 
brown,  fometimes  though  rarely  dark  alh-grey. 
It  occurs  maffive,  difleminated,  and  fuperficial ; 
but  moft  frequently  cryftallized.  Its  primitive 
figure  is  a reftangular  odlohedron,  divifible  pa- 
rallel to  the  common  bafe  of  the  two  pyramids 
of  which  it  is  compofed.  The  chief  varieties 
of  cryftallization  that  it  exhibits  are, 

1.  The  cuneiform  oftohedron. 

2.  The  pyramidal  dodecahedron. 

3.  The  preceding  with  a fix-fided  prifm  in- 
terpofed  between  the  pyramids. 

4.  The  fame  as  var.  3.  with  fummits  of  the 
terminal  pyramids  replaced  by  a fix-fided  plane. 

5.  A fix-fided  prifm  with  the  fummits  com- 
pofed of  four  planes,  the  oppofite  ones  being 
equal  and  fimilar. 

6.  The  fame  with  the  fummits  compofed  of 
fix  planes,  the  correfponding  ones  being  equal 
and  fimilar. 

The  cryftals  are  ufually  fmall,  rarely  middle- 
fized,  either  folitary  or  in  groups : their  furface 
is  generally  fpecular  and  fplendent,  fometimes 
a little  rough  or  ftriated,  and  then  only  gliften- 
ing.  Internally  its  luftre  varies  from  highly 
refplendent  to  gliftening,  and  is  that  of  the 
-diamond,  inclining  on  the  one  hand  to  femi- 
metallic,  and  on  the  other  to  refinous.  Its 
frafture  is  fmall  conchoidal,  palling  into  fine- 
grained uneven  and  fine  fplintery  or  imper- 
feftly  fibrous.  Its  fragments  are  indetermi- 
nately angular.  It  varies  from  tranfparent  to 
tranllucent,  and  is  in  a remarkable  degree 
doubly  refrafting.  It  is  foft,  brittle,  and  eafily 
frangible.  Sp.  gr.  6.0  to  7.2. 

Before  the  blowpipe  it  decrepitates,  becomes 
yellow  and  then  red,  and  if  heated  on  charcoal 
is  immediately  reduced.  It  elFervefces  llightly 
in  cold  nitrous  or  muriatic  acid,  but  more 
vigoroully  if  the  menftruum  is  warmed.  It  is 
blackened  by  hydrofulphuret  of  ammonia.  It 
is  often  confounded  with  columnar  heavy  fpar, 
but  may  be  readily  diftinguilhed  from  this  by 
its  fuperior  fpecinc  gravity  and  its  habitudes 
with  the  blowpipe  and  hydrofulphuret  of  am- 
monia. There  are  feveral  analyfes  of  this  ore, 
but  perhaps  tlie  jnoft  fatisfa^bory  are  the  fol- 
lowing. 


From  Zltterfeld, 
by  Weflrumb. 
Oxyd  of  lead  81.2 
Carbonic  acid  16. 
Oxyd  of  iron  0.3 

Lime  - - - 0.9 


From  Lead-hills, 
by  Klaproth. 

77  Lead 
5 Oxygen 
16  Carbonic  acid 
2 Water  and  lofs 


98.4  TOO 

Carbonat  of  lead  is  almoft  always  accompa- 
nied by  galena,  and  appears  to  be  more  fre- 
quently found  in  argillaceous  fchiftus  than  in 
any  other  kind  of  rock.  It  is  by  no  means  a 
rare  mineral,  but  feldom  occurs  in  fufficient 
quantity  to  be  worth  feparating  from  the  ad- 
hering fpar,  &c.  for  the  purpofe  of  fmelting. 
The  fineft  fpecimens  of  this  ore  that  are  found 
in  Britain  come  from  the  mines  of  Derbylhire, 
of  Lead-hills  in  Scotland,  and  Minera  in  Den- 
bighlhire,  at  which  laft  place  the  compact  va- 
riety is  remarkably  abundant. 

Sp.  5.  Black  Lead  Ore.  Schivartz  Bleyerz, 
W^ern.  Mine  de  Plomb  Noir,  Broch. 

Its  colour  Is  greylfh-black  paffing  into  fmoke- 
grey.  It  occurs  in  mafs,  difleminated  or  cel- 
lular, or  cryftallized  in  fix-fided  prifms,  either 
Ample  or  terminated  by  dihedral  fummits. 

The  cryftals  are  fmall  and  grouped  con- 
fufedly  in  drufes.  Their  furface  is  fometimes 
fmooth,  fometimes  ftriated  longitudinally.  Ex- 
ternally it  is  fplendent  or  fliining.  Internally 
It  is  fhining  or  gliftening,  with  a luftre  ap- 
proaching to  femi-metallic.  Its  fradbure  is 
fine-grained  uneven,  paffing  into  imperfedbly 
conchoidal.  Its  fragments  are  indeterminately 
angular.  It  is  opake,  or  at  moft  tranllucent  on 
the  edges.  It  gives  a greyifh-white  ftreak  ; it 
is  moderately  hard,  brittle,  and  eafily  frangible. 

Sp-  gr.  5-77- 

Before  the  blowpipe  it  decrepitates,  and  Is 
quickly  reduced  to  a metallic  globule.  It  has 
recently  been  analyzed  by  Lampadius,  and  ap- 
pears to  confift  of 

72.  Lead 

7.  Oxygen 
18.  Carbonic  acid 
2.  Carbon 


99 

It  occurs  in  veins  of  galena,  principally  of 
the  moft  recent  formation.  It  ufually  occupies 
the  upper  part  of  the  vein,  incrufting  galena, 
and  being  itfelf  covered  by  carbonat  or  green 
B 2 
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phofphat  of  lead.  It  is  found  in  the  Lead-hills 
in  Scotland  ; in  Bohemia  and  Saxony  j in  Brit- 
tany in  France,  and  in  Siberia. 

Sp.  6.  Muriat  of  Lead.*’  Corneous  Lead  Orey 
Jamefon.  Hornbleiy  Karften. 

Its  colour  varies  from  the  paleft  grey  to  wine- 
yellow.  It  occurs  cryftallized  in  cubes,  either 
fimple  or  terminated  by  tetrahedral  pyramids, 
or  bevelled  on  the  edges.  The  cryftals  are 
middle-fized  and  fmall,  and  have  a fplendent 
vitreous  luftre.  The  principal  fra£fure  is  foli- 
ated, the  crofs  fradlure  conchoidal.  It  is  tranf- 
parent  or  femi-tranfparent.  It  is  much  fofter 
than  carbonated  lead  j and  is  eafily  frangible. 
Sp.  gr.  6.05. 

When  heated  on  charcoal  before  the  blow- 
pipe it  runs  into  an  opake  orange-coloured  glo- 
bule, which  on  cooling  becomes  firft  yellow 
and  then  white.  At  a high  heat  the  globule 
fuddenly  fpreads  over  the  charcoal,  the  acid  flies 
oft  in  vapours,  and  there  remain  behind  minute 
grains  of  metallic  lead. 

It  has  been  analyzed  by  Klaproth  and  Mr. 
Chenevix  with  the  following  refults. 

85.5  85  Oxyd  of  lead 

8.5  8 Muriatic  acid 

6,0  ■ 6 Carbonic  acid 


100.0  99 

It  has  hitherto  been  found  only  at  Matlock 
in  Derbyfhire,  upon  galena. 

Sp.  7.  Brown  Phofphat  of  Lead.  Braun 
Bleyerzy  W ern.  Mine  de  Plomb  bruney  Broch. 

Its  colour  is  hair-brown,  palling  on  one  fide 
into  grey,  and  on  the  other  into  clove-brown. 
It  occurs  rarely  in  mafs,  but  generally  cryflal- 
lized  in  lengthened  fix-fided  prifms,  fometimes 
fo  llender  as  to  become  capillary.  The  furface 
of  the  cryftals  is  blackilh  and  rough : internally 
it  is  gliftening,  with  a refmous  luftre.  Its 
firadfure  is  fmall  grained  uneven  pafting  into 
fine-fplintery.  Its  fragments  are  indetermi- 
nately angular.  It  is  more  or  lefs  tranflucent, 
gives  a white  powder,  is  foft,  moderately  brit- 
tle, and  eafily  frangible.  Sp.  gr.  6.6  to  6.9. 

Before  the  blowpipe  it  melts  very  eafily,  but 
is  not  reduced  to  the  metallic  ftate ; by  cooling 
concretes  into  a radiated  mafs.  It  does  not 
effervefce  with  acids. 


According  to  Klaproth  it  confifts  of 
Oxyd  of  lead  - - 78.58 

Phofphoric  acid  - 19.73 

Muriatic  acid  - - 1.65 

99.96 

It  occurs  in  veins  at  Huelgoet  in  Brittany, 
at  Miefs  in  Bohemia,  near  Schemnitz  in  Hun- 
gary, Salka  in  the  Bannat,  and  Zfchoppau  in 
Saxony. 

Sp.  8.  Green  Phofphat  of  Lead.  Grin 
Bleyerzy  Wern.  Mine  de  Plomb  vertey  Broch. 

Its  ufual  colour  is  olive-green,  but  it  alfo  ex- 
hibits feveral  other  (hades  of  green,  fuch  at 
grafs-green,  greenifti-white,  piftachia,  and  yel- 
low green,  whence  it  pafles  into  fulphur-yellow. 
It  occurs  fometimes  in  mafs,  or  reniform  or 
botryoidal,  but  moft  commonly  cryftallized. 

Its  primitive  form  is  the  pyramidal  dodeca- 
hedron, confiding  of  two  (ix-fided  pyramids 
joined  at  their  bafes.  The  varieties  of  cryftal- 
lization  which  it  has  been  found  to  exhibit 
are 

1.  The  regular  hexahedral  prifm. 

2.  The  fame,  with  the  lateral  edges  replaced 
by  re£fangular  planes,  thus  forming  a dodeca- 
hedral prifm. 

3 . The  hexahedral  prifm  terminated  at  each 
extremity  by  a hexahedral  pyramid. 

4.  The  fame  with  the  apex  of  the  terminat- 
ing pyramid  replaced  by  a hexagonal  plane. 

The  cryftals  are  generally  (mail  and  very 
fmall,  either  folitary  or  in  groups.  Sometimes 
the  cryftals  are  fo  minute  as  to  appear  like  a 
fine  down. 

The  furface  of  the  cryftals  is  fmooth  and 
(hining  ; internally  they  are  gliftening,  with  a 
refinous  luftre.  The  fradfure  is  fmall-grained 
uneven,  verging  fometimes  upon  fplintery.  Its 
fragments  are  indeterminately  angular.  It  is 
tranflucent,  very  rarely  femi-tranfparent.  Its 
hardnefs  is  fuperior  to  that  of  carbonated  lead  ; 
it  gives  a greenifli-white  powder,  is  brittle,  and 
eafily  frangible.  Sp.  gr.  6.2  to  6.9. 

Before  the  blowpipe  it  becomes  of  a greyifli- 
white  and  melts  very  eafily,  without  decrepita- 
tion, into  a globule  ; but  (hows  no  figns  of 
redudlion.  If  the  globule  is  cooled  flowly  it 
forms  a polyhedral  ftriated  folicl.  It  is  foluble 
difficultly,  and  without  effervefcence  in  the 
mineral  acids. 

The  three  fubfequent  varieties  of  this  miner 
ral  have  been  analyzed  by  Klaproth  with  the 
following  refults. 


* N‘cholfo»’s  Joumal,  ^to.  av.  p.  aip.  Klapr.  Analyt.  EiT.  ii.  p.  Ill, 
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YelIowifh-p;reen  pliofpliat, 

' from  Zfchoppau, 

78.  

18.37 

1.7 

0.8 


Grrifs-grecn  phofpbat,  from 
1 loffsgrund  in  the  Brifgau. 
77.1  

19-  

1.54  


Lemon-yellow  phofphat, 
from  Wanloch-head. 

80.  Oxyd  of  lead 

18.  Phofphoric  acid 

— — ■ 1.62  Muriatic  acid 

o.  Oxyd  of  iron 


A fpecimen  from  F.rlbach  on  the  other  hand 
was  found  by  Vauquelin  to  contain 
45.18  Lead 
18.7  Phofphoric  acid 

4.05  Oxygen 
32.  Silex 


99-93 

This  mineral  is  found  in  veins  both  in  primi- 
tive and  fecondary  mountains,  but  chiefly  in 
the  former  of  tliefe.  It  is  accompanied  for  the 
moll  part  with  galena,  carbonat  of  lead,  and 
iron  ochre,  with  quartz,  heavy  fpar,  and  cal- 
careous fpar. 

It  is  met  with  In  Bohemia,  Saxony,  Bavaria, 
the  Brifgau,  France,  Scotland,  and  Siberia. 

Sp,  9.  Sulpbat  of  Lead.  Blei  Vitriol,  Wern. 
Vitriol  de  Plomb  natif,  Broch. 

Its  colour  is  greyifh  or  yellowifh-white,  paf- 
Cng  into  fmoke  and  afti-grey.  It  has  been 
{bund  only  cryftallized.  Its  primitive  figure  is 
an  o£iohedron,  compofed  of  two  tetrahedral 
pyramids  with  rectangular  bafes  j the  other  va- 
rieties are 

I.  The  cuneiform  o<2:ohedron. 

a.  The  fame  with  the  long  fides  of  the  com- 
mon rectangular  bafe  replaced  by  two  hexagonal 
planes. 

3.  The  fame  as  var.  2,  with  the  edges  of  the 
pyramids  adjacent  to  the  common  bafe  replaced 
by  fecondary  four-fided  planes. 

4.  A very  Ihort  eight-fided  prifm  terminated 
by  fummits  of  eight  planes  placed  upon  the  cor- 
refponding  fides  of  the  prifm. 

Externally  the  cryftals  are  fmooth  and  fhin- 
hig  ; Internally  they  are  fplendent  with  a vitre- 
ous luftre.  The  fraClure  of  this  mineral  is 
compact.  It  is  more  or  lefs  tranfparent  paffing 
into  tranflucent.  It  is  foft,  fomewhat  brittle, 
and  eafily  frangible.  Sp.  gr.  6.3. 

Before  the  blowpipe  It  decrepitates  on  the 
firft  application  of  the  flame,  but  when  previ- 
oufly  pulverized  it  melts  Into  a brilliant  fcoria, 
which  by  continued  ignition  on  the  charcoal  is 
reduced  to  metallic  lead.  It  has  been  analyzed 
by  Klaproth  with  the  following  refults. 


From  Anglefey.  From  Wanloch-head. 


71.  — 

— 70-5 

Oxyd  of  lead 

24-8  — 

— 25.75 

Sulphuric  acid 

2.  — 

— 2.25 

W acer 

I.O  — 

— 0. 

Oxyd  of  iron 

98.8 

.98-5 

It  occurs  in  veins  of  galena  at  Wanloch-head,, 
and  in  the  province  of  Andalufia  in  Spain,  and 
in  a bed  of  cellular  quartz  with  iron  pyrites 
and  iron  ochre  at  Parys  mine  in  Anglefey. 

S/i.  10.  Arfeniat  of  Lead. 

Of  this  there  are  two  fubfpecles. 

I . Sttbjp.  Reniform  Arfeniat.  Bleitiiere,  Kar- 
ften. 

The  colour  of  the  recent  fraClure  is  brown- 
ifh-red,  but  by  expofure  to  the  air  it  pafles  into 
ochre  and  ftraw-yellow.  It  occurs  in  reniform 
mafles,  the  furface  of  which  is  rough  and  un- 
even. Internally  it  is  gliftening  with  a refin- 
ous  luftre.  Its  fraClure  is  conchoidal.  It  oc- 
curs in  coarfe-granular  diftinCl  concretions ; is 
opake ; gives  a dull  orange-yellow  ftreak  ; is 
foft  and  brittle.  Sp.  gr.  3.92. 

Before  the  blowpipe  it  melts,  emits  an  arfe- 
nical  odour,  and  at  length  is  converted  into  a 
black  Alining  globule,  in  which  grains  of  lead 
are  obfervable. 

According  to  an  analyfis  by  Bindheim  it  con- 

fifts  of 


35- 

Oxyd  of  lead 

25- 

Arfenic  acid 

Silver 

14. 

Iron 

7- 

Silex 

3- 

Alumine 

10. 

Water 

9S-5 

It  has  hitherto  been  found  only  at  Nertf— 
chintk  in  Siberia. 

2.  ^nhfp.  Green  Arfeniat  of  Lead,. 

Its  colour  varies  from  meadow-green  to  wax- 
yellow.  It  occurs  in  needles,  in  fine  filaments,, 
in  compact  maffes,  and  granular  concretions^ 
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lt9  luftre  varies  from  filky  to  refinous.  It  is 
tranflucent,  moderately  brittle,  and  eafily  fran- 
gible. Sp.  gr.  5.04.. 

Before  the  blowpipe  it  gives  out  an  arfenical 
vapour,  and  is  reduced  to  a metallic  globule. 

It  occurs  in  veins  with  galena  in  Andalufia 
In  Spain,  and  in  the  department  of  the  Saone 
and  Loire  in  France. 

The  arfenico-phofphat  of  lead  of  Hauy  may 
probably  alfo  be  referred  hither.  Its  colour  is 
yellowifh-green ; it  occurs  in  mamillary  mafles, 
ftudded  with  brilliant  points.  Before  the  blow- 
pipe it  gives  out  an  arfenical  odour.  It  contains, 
according  to  Fourcroy,  by  whom  it  has  been 
analyfed, 

50  Oxyd  of  lead 
29  Arfenic  acid 
14  Phofphoric  acid 
4 Oxyd  of  iron 
3 Water 

. 100 


It  Is  met  with  In  a mine  at  Rofiers  In  Au- 
vergne. 

Sp.  II.  Molybdat  of  Lead.  See  Molyb- 

DENA. 

Sp.  12.  Chromat  of  Lead.  See  Chrome. 

Sp.  13.  Lead  Ochre.  Bleyerde,  Wern. 
Plomb  terreux,  Broch. 

Of  thefe  there  are  two  fubfpecles. 

1.  Subfp.  Indurated. 

Its  colour  is  yellowlfh  or  greenilh-grey, 
ftraw-yellow,  apple-green,  fmoke-grey,  and 
light brownifh-red.  It  occurs  in  mafs.  Inter- 
nally It  is  glimmering  or  gllftening,  with  a re- 
finous luftre.  Its  fradiure  is  fine-grained  un- 
even, pafling  into  fine  fplintery  and  earthy,  alfo 
into  flat  conchoidal.  It  is  opake  or  at  moft 
flightly  tranflucent  on  the  edges.  It  gives  a 
brownifli  ftreak  j is  foft,  palfing  into  friable  ; is 
not  very  brittle,  but  Is  eafily  frangible. 

It  is  reducible  before  the  blowpipe,  effer- 
vefces  with  acids,  and  is  blackened  by  hydro- 
fulphuret  of  ammonia. 

It  occurs  with  the  other  ores  of  lead,  and  Is 
ufually  accompanied  by  Iron  pyrites  and  ma- 
lachite. 

2.  Siibfp.  Friable. 

Its  colour  is  yellowlfh-grey  approaching  to 
fulphur-yellow.  It  occurs  maffive,  diflbminat- 
^d,  and  fuperficlal.  It  is  compofed  of  dull, 
dufty,  friable  particles;  is  meagre  and  rough  to 
the  touch,  and  is  heavy. 

It  is  found  to  accompany  galena  and  the 


other  ores  of  lead,  and  is  found  at  Wanloch- 
head  and  the  Lead-hills  in  Scotland,  in  the 
Hartz  and  Saxony,  in  Poland,  and  Siberia. 

§ 2.  Smelting  and  ReduBion  of  Lead  Ore. 

The  only  ore  of  lead  that  is  wrought  in  the 
large  way  is  galena,  and  the  method  of  treat- 
ing this  is  very  fimple,  partly  on  account  of 
the  richnefs  of  the  ore  and  partly  on  account  of 
the  low  price  of  the  metal  itfelf,  which  there- 
fore will  not  admit  of  any  but  the  moft  fum- 
mary  methods  of  bringing  it  into  a marketable 
ftate. 

The  ore  when  firft  brought  up  from  the 
mine  is  dreffed  by  women  and  boys,  who  with 
a hand-hammer  feparate  the  greater  part  of  the 
adhering  impurities,  confiding  of  blende,  iron 
pyrites,  quartz,  calcareous  fpar,  &c.  The 
refidue  being  broken  into  pieces  about  the  fize 
of  a hazle-nut  is  waftied  from  all  adhering  clay 
and  dirt,  and  is  then  ready  to  be  fmelted.  The 
furnace  ufed  for  this  purpofe  is  the  com- 
mon reverberatory  with  a low  arch.  A ton  or 
more  of  the  ore  is  fpread  on  the  floor  of  the 
furnace,  and  by  means  of  the  flame  from  pit- 
coal  it  is  quickly  brought  to  a bright  red  heat. 
In  this  fituation  it  is  occafionally  ftirred  with 
iron  rakes  to  expofe  frefh  furfaces  to  the  adfioii 
of  the  flame  and  facilitate  the  reparation  of  the 
fulphur.  In  a ftiort  time  the  mafs  begins  to 
acquire  a pafty  confiftence ; upon  which  the 
heat  is  lowered  and  the  ore  is  kept  at  a dull 
red  till  the  fulphur  is  nearly  all  got  rid  of ; the 
fire  being  then  increafed  the  ore  is  brought  to 
a ftate  of  perferit  fufion,  and  vifibly  confifts  of 
two  fluids ; the  lower  Is  the  metallic  lead,  the 
upper  is  a vitreous  flag,  ftill  holding  a confider- 
able  portion  of  lead  but  mixed  with  various 
impurities.  In  this  ftate  of  the  procefs  the  fire 
is  damped  and  a few  fpadefuls  of  quicklime 
are  thrown  into  the  fluid  mafs;  by  this. the 
fcorise  are  fuddenly  folidified,  and  are  raked  to 
the  fide  of  the  furnace ; the  tap-hole  is  then 
opened,  and  the  lead  runs  into  moulds  placed 
to  receive  it,  where  it  congeals  into  oblong 
maffes  called  pigs.,  weighing  about  60  lbs  each. 
As  foon  as  the  lead  has  run  out  of  the  furnace, 
the  tap-hole  is  clofed,  the  fcoriae  are  replaced 
in  the  bed,  and  being  quickly  raifed  to  a glow- 
ing red  heat  are  foon  melted ; the  greateft  part 
of  the  lead  that  they  contained  by  this  means 
collects  into  a mafs  at  the  bottom  ; a little  lime 
is  thrown  in  as  before,  the  fcoriae  thus  ren- 
dered folid  are  raked  afide,  and  the  lead  which 
they  covered  is  let  off  into  a mould.  This 
fecond  fcoria,  though  ftill  holding  from  5 to 
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8 per  cent,  of  lead,  Is  now  removed  from  the 
furnace,  and  applied  to  no  purpofe  but  that  of 
mending  roads,  the  expence  of  feparating  the 
laft  portions  of  metal  being  more  than  the  value 
of  the  produce. 

The  lead  of  the  firft  running  Is  the  heft  •, 
that  procured  from  the  fcoriae  being  fenfibly 
harder,  and  lefs  malleable  on  account  of  the 
iron  that  it  contains. 

It  is  a matter  of  doubt  among  the  moft  in- 
telligent fmelters  whether  there  is  any  advan- 
tage in  retaining  the  carbonat  of  lead,  with 
which  the  galena  is  very  often  mixed  in  con- 
liderable  proportion.  On  the  one  hand  it  is 
certain  that  it  contains  a large  quantity  of 
metal,  and  in  aflays  is  very  eafily  reducible; 
but  on  the  other  hand,  when  treated  in  the  re- 
verberatory it  vitrifies  almoft  at  the  firft  im- 
preflion  of  the  heat,  and  being  a very  a£Hve 
flux  it  is  apt  to  bring  the  whole  into  fufion 
while  much  fulphur  ftill  remains  unfublimed  ; 
hence  the  amount  of  fcorise  is  prodigloufly  in- 
creafed,  and  with  it  the  trouble  of  the  fmelters, 
while  the  produce  of  lead  is  very  little  aug- 
mented. 

§ 3.  AJfay  and  Analyfts  of  the  Ores. 

The  analyfis  of  the  ores  of  lead  is  upon  the 
whole  exti'emely  fimple.  In  general  the  moift 
way  is  the  moft  accurate. 

Before  giving  the  individual  procefles  the 
general  methods  may  be  mentioned  whereby 
lead  is  feparated  from  the  other  metals  with 
which  it  is  ufually  combined  in  the  different 
ores,  and  the  data  on  which  it  may  be  eftimated 
in  analyfis. 

Lead  is  readily  feparated  from  filver  by  making 
a folutlon  of  both  in  nitric  acid,  and  adding 
muriatic  acid  as  long  as  any  precipitate  appears. 

The  filver  falls  down  in  the  form  of  luna 
cornea,  and  with  it  a quantity  of  muriat  of 
lead,  and  if  the  mixture  ftands  Ibme  hours  un- 
dlfturbed,  this  latter  fait  alfo  forms  needled 
cryftals  on  the  furface  of  the  luna  cornea.  All 
the  filver  falls  down  in  this  manner,  but  part 
only  of  the  lead,  and  the  muriat  of  lead  is 
feparated  from  the  luna  cornea  by  boiling  water, 
22  parts  of  which  will  diffolve  i of  muriat  of 
lead,  but  not  a particle  of  the  muriat  of  filver. 
The  folution  of  the  muriat  of  lead  is  ftill  more 
eafily  effedled  by  digefting  in  dilate  nitric  acid, 
which  diffolves  it  readily^  but  not  the  luna 
cornea. 

Lead  is  feparated  from  bifmuth  by  diffolving 
both  to  faturation  in  nitric  acid,  either  concen- 
trated, or  diluted  with  no  more  than  a fourth  of 
water,  and  then  pouring  the  concentrated  folution 


into  a large  quantity  of  water.  The  oxyd  of  bif- 
muth then  Separates  as  a heavy  white  powder, 
and  the  lead  remains  diffolved.  Some  bifmuth 
however  remains,  but  to  the  folution  may  then 
be  added  a faturated  folution  of  fulphat  of  foda, 
which  will  precipitate  the  lead  only  in  the  form- 
of  a white  pulverulent  fulphat  of  lead,  the  com- 
pofition  of  which  will  be  prefently  mentioned. 
But  where  all  the  bifmuth  is  to  be  obtained  for 
the  purpofe  of  analyfis,  and  not  merely  to  be  fe- 
parated from  the  lead,  it  Is  better  after  the  bif- 
muth has  firft  pecipitated,  to  add  muriatic  acid  ta 
the  clear  folution,  which  will  throw  down  the 
filver,  if  there  be  any,  and  alfo  fome  muriat  of 
lead,  mixed  with  fome  of  the  bifmuth  that 
remains  in  the  folution,  and  which  laft  if  re- 
diffolved  in  nitric  acid,  will  again  be  decompo- 
fed  by  water  as  before.  The  whole  muriat  of 
lead  may  then  be  diflblved  in  water  and  nitric 
acid,  and  converted  into  a fulphat  by  means  of 
fulphat  of  foda  as  before^ 

Lead  Is  feparated  alfo  from  iron  and  copper 
by  diflblving  both  in  nitric  or  muriatic  acid, 
and  adding  fulphat  of  foda  to  precipitate  the 
lead.  If  the  nitric  acid  be  ufed,  fome  of  the- 
oxyd  of  iron  will  firft  precipitate  as  a brown  red 
ochre,  which  fliould  be  removed. 

The  fame  method  will  feparate  lead  from  tin, 
cobalt,  and  zinc. 

The  compofition  of  the  fulphat  of  lead  arti- 
ficially formed  in  thefe  proceffes,  has  been  given 
with  fome  fmall  variation  by  different  chemifts; 
Klaproth  eftimates  it  as  follows. 

100  parts  of  fulphat  of  lead,  dried  at  a low 
red  heaty  are  compofed  of  73.96  of  oxyd  of  lead 
and  26.04  of  fulphuric  acid,  and  the  above  oxyd 
of  lead  Is  compofed  of  69.44  of  metallic  lead, 
and  4.52  of  oxygen.  This  is  not  the  only  ftate 
of  oxygenation  of  which  lead  is  capable,  but  it 
is  that  In  which,  according  to  Klaproth,  it  is 
inferred  to  exift  in  all  the  native  falts  and  oxyds 
of  this  metal  hitherto  analyfed. 

It  muft  be  obferved  however,  that  this  calcu- 
lation gives  a much  lower  ftate  of  oxygenation 
than  is  found  by  other  experiments,  as  will  be 
noticed  prefently,  and  the  eftimation  of  the 
quantity  of  metallic  lead  is  made  by  other  chem- 
ifts, and  even  in  other  experiments  of  Profeffor 
Klaproth,  to  rife,  as  high  as  about  71  per  cent. 
Mr.  Hatchett  reckons  it  to  be  '^o.g. 

But  where  the  muriat  of  lead  is  free  from 
other  admixture,  the  quantity  of  metal  may  be 
eftimated  without  converting  It  into  a fulphat, 
by  the  following  data:  100  parts  of  lead  dif- 
folved in  nitric  acid,  and  decompoleu.  by  drop- 
ping in  muriatic  acid  as  long  as  any  turbidnef» 
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enfued,  and  evaporated  to  perfe£l  drynefs  (but 
fliort  of  volatilization  of  any  part  of  the  combi- 
ned muriatic  acid)  produced  133  of  muriat  of 
lead,  and  confequently  100  parts  of  dry  muriat 
of  lead  indicate  75.2,  nearly,  of  metallic  lead, 
and  (if  oxygenated  in  the  fame  degree  as  in  the 
fulphat)  4.89  of  oxygen,  or  80.09  oxyd  of 
lead. 

The  muriat  of  lead  may  alfo  be  reduced  by 
diflblving  it  in  water  and  immerfing  a rod  of 
iron,  whereby  the  lead  will  be  precipitated  in 
the  metallic  (late  in  fine  lamellae. 

Some  of  the  analyfes  of  the  individual  lead 
ores  may  now  be  mentioned. 

Vauquelin  analyfed  a galena  from  Cologne 
in  the  following  way.* 

A quantity  was  roafted  flowly  and  loft  12 
per  cent,  of  fulphur  in  the  procefs.  Another 
quantity  was  heated  with  very  dilute  nitric  acid, 
which  gave  a fmell  of  fulphuretted  hydrogen, 
and  diflblved  all  the  metallic  part.  The  un- 
diflblved  refidue  heated  to  rednefs,  parted  with 
its  fulphur,  and  16.67  per  cent,  of  filex  was 
left.  The  nitric  folution  was  then  decompofed 
by  fulphat  of  foda,  and  the  fulphat  of  lead 
collefted  and  weighed.  The  proportion  of 
metal  it  contained  (eftimating  100  of  the  fulphat 
to  be  equivalent  to  75.72  of  metal)  was  63.1 
per  cent.  The  liquor  was  then  faturated  with 
ammonia,  which  depofited  3.3  of  oxyd  of  iron, 
and  laftly  carbonat  of  pota&  threw  down  3 of 
carbonat  of  lime. 

In  the  dry  way  the  galena  after  roafting  may 
be  mixed  with  thrice  its  weight  of  black  flux, 
covered  with  fait,  and  melted,  when  a button  of 
reduced  lead  will  be  found  at  the  bottom,  which 
will  alfo  contain  the  filver  and  other  metals,  if 
prefent. 

The  triple  fulphuret  of  lead,  antimony,  and 
copper  found  in  Cornwall,  was  thus  analyfed  by 
]Mr.  Hatchett. 

Two  hundred  grains  were  put  into  a matrafs 
with  2 ounces  of  muriatic  acid,  and  heated,  and 
nitric  acid  was  added  drop  by  drop,  till  the 
whole  moderately  effervefeed.  It  was  then 
gently  heated  for  an  hour,  and  a green  folution 
was  formed,  on  which  floated  a quantity  of 
fulphur,  which  was  collefted,  digefted  feparate- 
ly  with  a little  muriatic  acid,  and  then  wafhed 
and  dried.  It  weighed  34  grains,  and  after- 
wards burned  away  in  a red  hot  earthen  cup, 
without  refidue,  and  therefore  was  pure.  The 
folution,  with  the  muriatic  acid  in  which  the 
fulphur  had  been  waflied,  was  boiled,  and  then 
mixed  with  6 pints  of  boiling  diftilled  water, 
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which  it  rendered  inftantly  milky,  and  waj 
filtered  w'hile  hot,  and  the  filter  wafhed  with 
more  boiling  water.  The  white  precipitate  left 
on  the  filter,  when  dried  on  a fand  bath, 
weighed  63  grains,  and  was  oxyd  of  antimony. 
The  liquor  with  the  wafhings  depofited  on 
cooling  fome  cryftallized  muriat  of  lead.  It 
was  evaporated  nearly  to  drynefs,  and  a few 
drops  of  fulphuric  acid  added  to  the  liquor  left, 
to  feparate  in  the  form  of  a fulphat,  what  little 
of  the  lead  remained  in  folution.  The  refidue 
was  then  rediffolved  in  boiling  water,  and  de- 
compofed entirely  by  fulphat  of  foda,  and  the 
fulphat  of  lead  thus  produced,  (added  to  the 
former  portion)  was  wafhed  and  dried  on  a fand 
bath,  and  weighed  i2o.2  grains. 

The  liquor  which  was  now  blueifh-green, 
was  rendered  of  a deep  blue  by  ammonia,  and 
a fmall  quantity  of  oxyd  of  iron  feparated, 
which  when  dried  and  heated  with  wax,  be- 
came magnetic,  and  weighed  2.4  grains. 

The  liquor  was  then  evaporated  nearly  to 
drynefs,  boiled  with  a ftrong  lixivium  of  potafh 
till  nearly  dry,  and  on  wafhing  with  water, 
fome  black  oxyd  of  copper  was  left  weighing 
32  grains  after  thorough  drying. 

In  the  above  analyfis  the  metals  are  eftimated 
as  in  their  metallic  ftate,  this  being  the  ftate  in 
which  they  exift  in  the  fulphurets,  and  hence, 
for  the  63  grs.  of  oxyd  of  antimony,  48.46  of 
the  regulus  are  to  be  put  down,  and  for  the 
120.2  of  fulphat  of  lead,  the  author  eftimates 
85.24  of  metallic  lead,  which  is  in  the  propor- 
tion of  70.9  in  100. 

The  carbonat  of  lead  was  analyfed  by  Klaproth 
In  the  following  way:  100  grains  were  diflblved 
in  a mixture  of  200  grains  of  nitric  acid  with 
300  of  water,  and  the  lofs  of  weight  by  the 
effervefcence  noted,  which  amounted  to  1 6 grs. 
and  was  carbonic  acid.  The  nitric  folution  was 
then  diluted,  and  a cylinder  of  zinc  immerfed, 
which  precipitated  the  lead  in  the  metallic  ftate 
in  beautiful  vegetations.  This  wafhed  and 
dried,  weighed  77  grains,  equivalent  to  82  of 
oxyd,  as  it  is  in  this  ftate  that  the  lead  exifts  in 
the  ore.  This  proportion  however,  would  give 
an  increafe  of  only  6.5  of  oxygen  upon  100  of 
lead. 

That  rare  variety  of  lead  ore,  the  compound 
carbonat  and  muriat  of  lead,  has  been  analyfed 
both  by  Klaproth  and  Chenevix.  By  Klaproth, 
the  following  metliod  was  purfued:  fifty  grains 
of  the  ore  were  rubbed  with  150  of  very  pure 
carbonat  of  potafli,  (previoufly  freed  from  every 
muriat)  and  heated  in  a platina  crucible  to  a 
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moderate  rcdnefs,  then  lixiviated  and  filtered. 
An  oxyd  of  lead  was  left  behind.  The  folu- 
tion  was  flightly  fuperfaturated  with  nitric  acid 
and  precipitated  with  nitrat  of  filver.  The 
muriat  of  filver  thus  obtained  weighed  27  grains, 
equal  to  more  than  4 of  concrete  muriatic  acid. 
Another  quantity  of  the  ore  of  100  grains  was 
then  powdered  and  nitric  acid  aflufed,  which 
produced  an  effervefcence  of  carbonic  acid. 
This  folution  gave  with  nitrated  filver  55  grains 
of  luna  cornea,  correfponding  vSry  clofely  in 
proportion  with  the  former  experiment,  the 
acid  of  which  amounted  to  8.5  grains.  The 
lead  was  then  precipitated  by  caujlic  potafh  and 
the  oxyd  thus  procured  weighed,  after  thorough 
drying,  85I  grains,  which  is  the  ftate  of  oxy- 
genation in  which  it  is  fuppofed  to  exift  in  the 
ore.  In  this  cafe,  therefore,  85.5  grains  of 
oxyd  of  lead  were  combined  with  only  8.5  of 
muriatic  acid  which  is  far  fiiort  of  the  faturat- 
ing  quantity,  fince  In  the  artificial  cryftallized 
muriat  of  lead  the  proportion  of  acid  amounts 
to  13  or  14  per  cent.  This  deficient  faturation 
therefore  allows  the  prefence  of  carbonic  acid, 
which  amounts  to  6 grains,  and  completes  the 
faturation  of  oxyd. 

A fimilar  ore  was  analyzed  by  Mr.  Chenevix,* 
nearly  In  the  fame  way  and  with  the  fame  re- 
fult.  The  ore  was  firll  dilTolved  in  nitric  acid, 
and  the  quantity  of  carbonic  acid,  amounting 
to  6 grains,  eftimated  by  the  lofs  after  effer- 
vefcence.  The  folution  was  then  neutralized 
by  ammonia,  and  tried  by  different  tells.  As 
nitrat  of  lime  gave  no  precipitate,  the  folution 
could  not  contain  either  the  arfenic  or  molyb- 
dic  or  phofphoric  acids,  and  as  nitrat  of  barytes 
gave  none,  the  abfence  of  fulphuric  acid  was 
proved. 

Nitrat  of  filver  was  then  added  and  a co- 
pious precipitate  enfued,  and  the  luna  cornea 
weighed  after  drying  48  grains,  which  Mr. 
C.  eflimates  as  equivalent  to  8 of  muriatic  acid. 
The  compofition  of  the  ore  is  thus  flated ; 
6 grains  of  carbonic  acid  faturate  34  of  oxyd  of 
lead,  and  8 of  muriatic  acid  faturate  51  of 
oxyd  of  lead,  and  the  acids  may  be  fuppofed  to 
be  in  the  Hate  of  perfect  faturation,  confe- 
quently  the  ore  is  compofed  of  59  • muriat  of 
lead  and  40  of  carbonat  of  lead ; or  of  14  of 
acid  and  85  of  oxyd. 

The  Anglefea  fulphat  of  lead  was  thu$  ana- 
lyzed by  Klaproth : 100  grains  were  firft  ignited 
moderately  and  loft  2 grains,  which  were  water 
of  cryftaUizatibn.  The  remainder  was  mixed 
with  400  grains  of  carbonated  potafh,  and  kept 
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for  fom«  time  in  a red  heat  In  a platina  crucible,' 
which  gave  a reddifh-yellow  hardened  mafs. 
This,  digefted  with  water,  was  all  diflblved 
except  the  oxyd  of  lead  feparated  in  tlie  pre- 
vious procefs,  amounting  to  72  grains,  after, 
ftrong  drying.  This  oxyd  was  redifiblved  in, 
nitric  acid,  and  depofited  thereby  one  grain  of 
oxyd  of  iron.  The  folution  was  then  decom- 
pofed  by  zinc,  and  yielded  66.5  grains  of  me- 
tallic lead.  The  alkaline  fluid  formed  by  the 
wafhing  of  the  contents  of  the  crucible,  after 
ignition,  was  then  faturated  with  nitric  acid 
and  acetate  of  barytes  added  as  long  any  fulphat 
of  barytes  was  precipitated.  This  amounted  to 
73  grains,  equal  to  24.8  of  concrete  fulphuric 
acid  on  the  eftimation  that  100  parts  (after 
ignition)  contain  34  of  acid.  The  iron  in  this 
ore  appears  merely  cafual. 

The  phofphated  lead  ores  have  been  alfo  ex- 
amined by  the  fame  eminent  chemift  with  much 
attention.  The  compofition  of  all  the  varieties 
is  very  uniform,  all  confifting  of  phofphoric 
acid  and  oxyd  of  lead,  together  with  muriatic 
acid,  the  quantity  of  which  varies  very  little. 
It  is  a diftinguifliing  and  lingular  property  of 
the  phofphat  of  lead,  that  when  melted  Into  a 
round  bubble  under  the  blow-pipe  it  affumes  a 
regular  polygonal  garnet-fhaped  form  on  the 
moment  of  folidifying  by  cooling. 

The  green  phofphat  was  thus  analyzed : after 
fome  imperfedl  attempts  at  redu£lion  in  the 
dry  way,  100  grains  of  the  ore  were  diflblved 
in  hot  nitric  acid  leaving  no  refidue.  Nitrat  of 
filver  then  gave  a precipitate  of  1 1 grains  of 
luna  cornea,  the  muriatic  acid  of  which  amount- 
ed to  1.7  grains.  Sulphuric  acid  was  then 
added  to  the  warmed  folution,  by  which  ful- 
phat of  lead  was  precipitated,  weighing  after 
ignition  106  grains,  equal  to  73.61  of  metallic 
lead  or  78.4  of  the  oxyd.  The  liquor  was 
then  freed  from  the  excels  of  fulphuric  acid  by 
nitrat  of  barytes,  it  was  then  nearly  faturated 
with  ammonia,  and  acetite  of  lead  added.  The 
phofphoric  acid  in  the  folution  was  then  preci- 
pitated in  the  form  of  phofphat  of  lead,  weigh- 
ing, after  ignition,  8t  grains,  of  which  the 
mere  acid  amounts  to  18.37  grains’.  The  reft 
of  the  folution  was  then  mixed  with  a little 
muriatic  acid,  infpiffiated  by  evaporation,  and 
alcohol  added  to  rediflTolve  the  muriat  of  iron 
then  formed,  if  any,  from  which  by  the  addition 
of  pruffiat  of  potafti  there  was  obtained  an  ex- 
tremely fmall  blue  precipitate,  indicating  no 
more  than  about  .1  of  a grain  of  oxyd  of  iron. 

In  another  experiment  Uie  ph.ofphoric  acid, 
4to.  vo!.  iv, 
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inflead  of  T>eing  engaged  v/ith  lead,  was  fatn- 
rated  partly  by  foda,  partly  by  ammonia,  and 
by  due  evaporation  and  cooling,  cryftals  of  the 
microcofmic  fait,  or  the  phofphat  of  foda  and 
ammonia  were  obtained.  The  other  varieties  of 
this  phofphat  were  analyzed  in  the  fame  way. 

With  regard  to  the  analyfis  of  the  molybdat 
of  lead  the  reader  is  referred  to  the  article  AIo- 
lyhderuiy  and  to  Chrome,  for  the  Chromat  of 
lead.  Thofe  ores  in  which  lead  is  only  a fmall 
part  of  the  metallic  contents  will  be  defcribed 
under  the  other  metals  as  filver,  bifmuth,  &c. 

The  compound  of  oxyd  of  arfenic,  lead,  and 
iron,  examined  by  Lelievre  and  Vauquelin’^, 
gave  the  following  appearances  : loo  parts 

roafted  for  half  an  hour,  with  a little  fuet  added 
occafionally  to  favour  the  evaporation  of  the 
arfenic,  loft  38,  and  became  black  and  magne- 
tical.  The  remaining  62  parts  boiled  in  muri- 
atic acid  made  a red  folution,  giving  out  much 
oxymuriatic  acid  gas,  and  cryftallized  muriat  of 
lead  was  depofited.  This  folution  evaporated, 
rediftblved  in  water,  and  decompofed  by  fulphat 
of  foda,  gave  25  of  fulphat  of  lead,  equal  to 
20.2  of  lead  or  22  of  the  oxyd.  The  refidue, 
faturated  with  ammonia,  gave  39  parts  of  oxyd 
of  iron. 

The  analyfis  of  lead  ores  in  the  dry  way  is 
attended  with  much  more  lofs  of  the  metallic 
contents,  elpecially  when  alkaline  fluxes  are 
ufed,  all  of  which  aft  more  or  lefs  on  this 
oxyd. 

Lead  is  a metal  of  a blueifh-white  colour, 
almoft  fiver- white  when  recently  melted,  but 
very  foon  tarnifhes.  It  gives  a peculiar  fmell 
when  rubbed  or  heated.  Its  fpecific  gravity, 
according  to  BrifTori,  is  11,352.  It  is  very 
malleable,  readily  extending  under  the  hammer 
into  very  thin  leaves,  but  its  tenacity  is  lefs 
than  that  of  any  other  metal,  for  a wire  yV  of 
an  inch  in  diameter  will  break  with  a weight 
of  30  lbs. 

Lead  is  the  leaft  fonorous  of  all  the  metals, 
giving  when  ftruck  a very  flat  heavy  found.  It 
melts  long  before  being  red-hot.  The  melting 
point  of  this  metal  has  been  varioufly  given, 
owing  to  the  known  irregularity  of  the  mercu- 
rial thermometers  at  very  high  temperatures. 

Morveau  gives  it  at  590*  Fahr.  According 
to  Mr.  Crichton  it  is  612°.  When  flowly 
cooled  it  cryftallizes  in  quadrangular  pyramids. 
Heated  fully  to  rednefs  it  fmokes  and  fublimes 
in  the  open  air,  giving  a grey  oxyd,  which  fet- 
tles on  the  fides  of  the  veflel  that  contains  it, 
or  if  in  large  quantity  mixes  with  the  atmo- 
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fphere  around  and  coilefts  in  the  chimnies  of 
the  furnaces  where  it  is  melted.  Lead  in  all 
forms  and  combinations  is  poifonous  when 
taken  in  any  quantity,  and  a frequent  expofure 
to  its  vapour,  or  much  handling  it,  gradually 
produces  dangerous  bowel-complaints,  paralytic 
fymptoms,  and  other  maladies. 

'Fhough  the  furface  of  lead  at  a common 
temperature  foon  tarnilhes,  this  metal  will  re- 
main expofed  to  air  and  all  weathers  for  a great 
length  of  time  without  further  change,  the  ox- 
idated furface  protefting  the  inner  part  from 
deftruftion,  and  hence  the  durability  of  leaden 
roofs,  pipes,  &c.  but  yet  in  procefs  of  time 
the  whole  is  corroded  throughout. 

Water  has  but  little  direft  aftion  on  this  metal 
either  hot  or  cold,  not  being  decompofed  by  it  as 
it  is  by  iron  and  fame  other  metals  ; but  it  flowly 
aflTifts  the  aftion  of  the  air,  for  lead  will  be  cor- 
roded fooner  in  a damp  than  in  a dry  atmofphere. 

When  lead  is  melted  in  free  expofure  to  the 
air,  it  becomes  almoft  immediately  covered 
with  a wrinkled  pellicle  of  a dirty  grey  colour, 
and  if  this  is  skimmed  oflF  others  form  in  fuc- 
celTion,  till  the  whole  metal  is  changed  into  a 
yellowilh-grey  oxyd,  the  weight  of  which  was 
one  of  the  earlieft  obfervations  made  on  the 
effeft  of  calcination  in  increafing  the  weight  of 
metals. 

This  grey  oxyd,  by  a further  continuance  of 
heat  with  conftant  ftirring,  pafles  through  vari- 
ous fhides  of  a greenifh-yellow  to  a deep  dun- 
yellow,  owing  to  a fucceffive  abforption  of 
oxygen.  The  higheft  ftate  of  oxygenation  to 
be  produced  by  mere  calcination,  appears  to 
be  that  in  which  the  oxyd  has  a beautiful  high 
red  colour,  with  more  or  lefs  fcarlet,  when  it 
is  called  Minium  or  Red  Leady  a fubftance 
well  known  as  a pigment,  and  efpecially  as  a 
flux  in  glafs-making,  for  which  it  is  largely  em- 
ployed. 

Minium,  however,  cannot  be  made  with  any 
certainty  in  the  fmall  way  by  mere  calcination 
in  the  air,  however  long  this  is  continued,  the 
colour  of  the  oxyd  never  rifing  higher  than  a 
dun  yellow  j it  is  only  produced  in  manu- 
faftories  in  the  large  way,  with  frequent  ftir- 
ring. The  procefs  for  making  red  lead  is  thus 
defcribed  by  Dr.  Watfon'"  as  carried  on  in  Der- 
byfhire. 

The  furnace  is  very  much  like  a baker’s 
oven  with  a low  vaulted  roof,  and  on  each 
fide  of  the  furnace  are  two  party- walls  rifing 
from  the  floor  of  the  furface  but  not  reaching 
to  the  roof.  In  the  interval  between  thefe 
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walb  and  the'  fides  of  the  furnace  the  ceal  is 
burned  and  the  flame  draws  over  the  top  of 
the  party-walls,  and  ftriking  the  roof  is  thence 
reflected  down  upon  the  furface  of  a quantity 
of  lead  which  is  laid  on  the  floor  of  the  fur- 
nace. The  metal  foon  melts,  and  inftantly 
becomes  covered  with  a pellicle  which  is  fuccef- 
fively  raked  off  till  the  whole  is  changed  into  a 
greenilh-yellow  powder.  This  is  taken  out, 
ground  in  a mill,  and  wafhed,  to  feparate  the 
portion  of  lead  that  flill  remains  in  the  metallic 
ftate,  by  which  it  becomes  an  uniform  yellow 
colour,  and  is  then  thrown  back  into  the  fur- 
nace and  conftantly  ftirred,  fo  that  every  part 
may  be  equally  expofed  to  the  a£Hon  of  the 
flame,  and  in  about  forty-eight  hours  of  cal- 
cination it  is  converted  into  red-lead. 

Some  practical  nicety  is  required  in  the  ma- 
nagement of  the  fire,  which  if  too  flack  gives 
only  a yellow  or  orange  coloured  powder,  and 
if  too  fierce  makes  the  minium  dufley  and  de- 
ftroys  that  brilliant  glofs  for  which  it  is  fo  much 
admired.  There  are  befides  other  minuter  cir- 
cumftances  of  management,  and  probably  kept 
fecret  as  much  as  poflible.  Jars*^  mentions  in 
particular  that  of  cooling  the  minium  when 
made  very  gradually,  and  clofing  all  the  open- 
ings of  the  furnace,  otherwife  the  beauty  of 
colour  is  much  impaired.  Some  makers  alfo 
fprinkle  the  furface  with  water  occafionally  dur- 
ing the  calcination. 

In  Holywell  minium  is  made  from  litharge, 
which  faves  the  previous  calcination. 

A portion  of  the  lead  in  the  procefs  of  con- 
verfion  into  minium  is  always  loft  by  volatiliza- 
tion, part  of  it  being  diflipated  in  the  air  and 
another  part  fettling  in  the  chimnies  and  on  the 
roofs  of  the  furnace,  in  the  form  of  a yellowiih- 
white  foot,  with  cryftallized  lumps  intermixed, 
which  is  colle£led  from  time  to  time,  and  either 
reduced  into  lead  or  is  mixed  with  the  lead  in 
the  fubfequent  calcination.  The  quantity  of 
this  fublimate  collefted,  according  to  Watfon, 
is  about  of  that  of  the  minium  produced, 
but  of  courfe  muft  vary  greatly.  On  this  ac- 
count, and  from  the  lofs  by  entire  volatiliza- 
tion in  the  air,  it  is  impolfible  to  afeertain 
dire£Hy  the  full  increafe  of  weight  which  the 
lead  fhould  acquire  by  converfion  into  minium. 
The  aftual  increafe  is  on  an  average  about  a 
tenth,  twenty  hundred  weight  of  lead  producing 
twenty-two  hundred  of  minium. 

It  has  been  mentioned  that  the  oxyd  of  lead 
becomes  yellow  before  it  turns  red.  The  fub- 
ftauce  called  Mafficat,  and  ufed  as  a yellow 


pigment  is  generally  made  of  this  yellow  oxyd, 
but  the  finer  forts  are  faid  to  have  an  addition 
of  muriat  of  ammonia,  and  to  be  therefore  a 
muriated  oxyd  of  lead,  or  approaching  to  that 
fine  pigment  called  the  Naples  yellow,  which 
will  be  afterwards  noticed. 

Litharge  is  another  of  the  oxyds  of  lead  made 
by  the  Ample  a£tion  of  heat  and  air.  It  i« 
produced  in  the  procefs  of  extrafting  the  Silver 
from  lead,  as  will  be  more  fully  deferibed 
under  that  article.  The  filver-holding  lead  is 
put  in  a large  fiiallow  difti  made  of  afttes,  and 
therefore  very  porous,  and  is  kept  till  red-hot 
in  a wind-furnace,  at  the  back  of  which  enters 
the  pipe  of  large  bellews  that  direft  a blaft  of 
air  on  the  furface  of  the  red-hot  metal.  This 
converts  it  into  a fcaly  yellowilh-white  gliften- 
ing  oxyd,  which  is  raked  oft  fucceflively  to  ex- 
pofe  new  furfaces,  till  nearly  the  whole  of  the 
lead  is  thus  changed  into  litharge.  There  are 
flight  variations  in  the  colour  of  litharge,  fome 
kinds  having  more  of  a filvery  glofs,  others 
being  of  a dull  red-yellow.  Part  of  it  is  again 
reduced  into  very  pure  and  foft  lead,  and  the 
reft  is  fele<fted  for  fale.  The  wafte  of  lead  by 
volatilization  is  many  times  more  in  reducing 
lead  into  litharge  than  into  minium,  fo  that, 
though  there  is  a large  gain  of  oxygen  from 
the  air,  the  litharge  weighs  lefs  than  the  lead 
from  which  it  was  produced.  Part  of  it,  how- 
ever, is  loft  by  foaking  into  the  teft,  a porous 
veflel  in  which  it  is  made. 

All  the  oxyds  of  lead,  when  ftrongly  heated 
to  • full  rednefs,  very  readily  run  into  a glafs 
which  has  a clear  topaz-yellow  colour,  and  is 
the  moft  powerful  flux  known  of  every  vitrifi- 
able  matter,  fo  that,  in  a very  fhort  time,  the 
vitrified  oxyd  corrodes  all  the  common  cruci- 
bles and  runs  through  them  like  a fieve,  and 
even  the  clofeft  porcelain  can  only  retain  it  for 
a time.  Minium  in  vitrification  always  gives 
out  a quantity  of  oxygen  gas,  but  the  quantity 
varies  much,  even  in  the  fame  fample,  and  is 
never  fo  much  as  8 per  cent.  During  the 
vitrification  a portion  of  the  minium  is  fpon- 
taneoufly  reduced  to  the  metallic  ftate,  and  is 
found  at  the  bottom  of  the  crucible.  A fuller 
account  of  the  vitrifying  power  of  the  oxyds  of 
lead  will  be  found  under  the  article  Glafs. 

The  above  oxyds  of  lead,  namely  maflicot, 
minium,  and  litharge,  do  not  appear  to  have 
been  accurately  analyzed  with  a view  to  afeer- 
tain their  metallic  contents  in  the  dry  way  by 
Ample  redu£Hon,  but  the  following  examination 
of  them,  and  the  other  falts  and  oxyds  of  hdd, 
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by  Dr.  Thoinfon,  in  the  moift  way,  will  give 
feme  information  concerning  their  compolition.* 

Minium  lofes  no  fenfible  weight  at  a heat  of 
400".  In  feveral  experiments  to  afeertain  the 
lofs  by  fufion,  no  agreeing  refult  could  be  ob- 
tained, the  lofs  varying  from  4|  to  7 per  cent. 
The  common  minium  of  the  fhops  always  con- 
tains fome  impurities,  generally  fand,  and  alfo 
an  alloy  of  antimony,  and  a minute  portion  of 
filver. 

When  red  lead  is  digefted  in  nitric  acid  a 
part  is  diflblved  and  the  reft  is  converted  into  a 
brown  powder  that  remains  at  the  bottom  of 
the  veflel.  The  lead  in  folution  is  found  by 
other  experiments  (to  be  prefently  mentioned) 
to  be  in  the  ftate  of  oxygenation  in  which  the 
oxygen  forms  9^.5  per  cent,  or  as  the  yellow 
oxyd ; whilft  the  infoluble  refidue  is  fuper- 
oxygenated  in  the  proportion  of  20  per  cent,  a 
feparation  of  an  uniform  fubftance  into  two 
others  with  oppolite  charafters,  being  by  no 
means  uncommon  in  chemical  phenomena.  By 
eftimating  the  total  of  oxygen  in  the  more  and 
the  lefs  oxygenated  portion.  Dr.  T.  concludes, 
that  minium  is  compofed  of  about  88  of  lead 
to  12  of  oxygen. 

Litharge  analyzed  by  the  fame  chemift  loft 
at  a red  heat  about  4 per  cent,  of  its  weight. 
It  diflblves  in  nitric  acid  with  effervefcence,  and 
confequent  lofs  of  4 per  cent,  of  weight,  which 
may  be  reckoned  to  be  carbonic  acid.  By  pre- 
cipitating the  folution  with  a carbonated  alkali 
and  other  experiments,  Dr.  T.  ftates  the  com- 
pofition  of  litharge  to  be  about 

86.9  lead  "I  g yellow  oxyd 
9.1  oxygen  J •'  ■' 

4 carbonic  acid 
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According  to  the  above  analyfis  therefore 
minium  is  more  highly  oxygenated  than  litharge, 
but  the  latter  contains  a quantity  of  carbonic 
acid,  which  minium  does  not.  It  is  Angular, 
however,  how  this  difference  with  refpeft  to 
carbonic  acid  arifes,  fince  the  heat  at  which 
each  oxyd  is  made  does  not  appear  to  differ 
materially,  and  certainly,  of  the  two,  minium 
is  that  which  is  much  more  direftly  expofed  to 
the  aflion  of  carbonic  vapour,  owing  to  the 
reverberation  of  the  coal  flame  on  its  furface, 
during  fo  many  hours  in  the  manufa£l;ure. 

It  has  been  mentioned  that  lead,  when  kept 
in  fufion  expofed  to  the  air,  firft-  becomes 
changed  to  a dulky-grey  powder  with  a greenifli 
' Phil.  Jowrn.  8vo.  vol.  viii. 


tinge.  This  has  been  confidered  by  fome  che- 
mifts  as  lead  in  the  firft  ftate  of  oxygenation, 
but  Profeffor  Prouft  has  properly  obferved.f  that 
it  is  only  a mixture  of  the  yellow  oxyd  with 
particles  of  metallic  lead,  whence  the  green 
colour  from  the  mixture  of  the  yellow  of  the 
former  with  the  blue  of  the  latter.  This 
opinion  is  confirmed  by  the  fa61:,  that  in  the 
firft  part  of  the  procefs  of  making  red-lead  the 
dufley-green  powder  is  feparated  by  mere  waffl- 
ing, into  yellow  oxyd  and  the  blue-black  parti- 
cles of  metallic  lead,  the  latter  fubfiding  fooneft 
in  the  water.  The  yellow  oxyd  therefore  appears 
as  far  as  hitherto  known  to  be  in  reality  the 
firft  ftate  to  which  lead  is  reduced  by  calcina- 
tion in  the  air. 

But  Profeffor  Prouft  afferts  that  an  oxyd 
with  a lefs  proportion  of  oxygen  (and  at  the 
minimum  of  oxydation)  may  be  formed  by 
boiling  the  nitrat  of  lead  on  metallic  lead, 
whereby  the  oxygen  of  the  nitrat  is  compelled 
to  diftribute  itfelf  equally  over  a much  greater 
quantity  of  lead,  and  the  acid  forms  with  this 
new  oxyd  a brilliant  yellow  fcaly  fait,  very  fo- 
luble,  but  the  proportions  of  which  have  not 
yet  been  determined.  On  this  fubje<ft  Dr. 
Thomfon  has  the  following  experiments  : 1 00 
grains  of  nitrat  of  lead  were  diffolved  in  water 
and  boiled  with  a cylinder  of  clean  bright  lead. 
The  metal  foon  loft  its  brilliancy,  became  co- 
vered with  a white  cruft,  and  the  liquid  became 
yellow.  When  all  aftlon  appeared  to  have 
ceafed,  the  cylinder  was  taken  out,  and  was 
found  to  have  loft  44  grains.  But  the  whole 
of  this  was  not  diffolved,  for  a bluijh-grey  pow- 
der began  to  colledl  during  the  boiling,  and 
increafed  as  long  as  the  cylinder  of  lead  con- 
tinued to  be  a<SIed  on.  As  the  folution  cooled  it 
depofited  the  yellow  fcaly  cryftals  mentioned  by 
Prouft,  which  fait  has  the  following  properties  : 
the  tafte  is  fweet  and  aftringent,  like  the  com- 
mon nitrat,  but  it  is  lefs  foluble  in  water ; 
when  cautioully  heated  to  rednefs  it  melts  into 
a yellow  mafs,  lofing  thereby  18.5  per  cent,  of 
Its  weight,  which  are  acid  and  water  of  cryftab- 
lization,  and  81.5  of  a yellow  oxyd  remains. 
This  oxyd  rediflblved  in  nitric  acid,  and  cryftal- 
lized  yields  117.  of  common  nitrat  of  lead. 
But  1 17  of  common  nitrat  are  found  by  fepa- 
rate  experiments  to  contain  about  8 1 .5  of  yel- 
low oxyd,  and  hence  it  would  appear  that  this 
fait  is  not  a nitrated  fub-oxyd  of  lead  but  a fub- 
r.itrat  of  lead,  or  in  other  words  the  degree  of 
oxygenation  of  the  lead  is  the  fame  in  both, 
but  the  difference  confifts  in  the  relative  prc» 
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portion  of  nitric  acid.  A fimllar  proof  of  this 
was  alfo  deduced  from  the  decompofition  of 
this  yellow  fait  by  carbonat  of  potalh,  both  in 
tlie  moill  and  the  dry  way,  and  a lub-nitrat 
extremely  fimilar  was  formed  Amply  by  heating 
the  common  nitrat  to  expel  only  part  of  its 
acid,  as  will  be  prefently  noticed.  It  does  not 
appear  however  that  Dr.  T.  examined  the 
b^uei/h-grey  powder  produced  by  boiling  lead 
with  nitraf  of  lead,  which  therefore  deferves  a 
further  examination. 

The  yellow  oxyd  of  lead  is  that  which  appears 
to  be  the  bafis  of  by  far  the  greater  number  of 
the  falts  of  tliis  metal,  and  therefore  is  of  pri- 
mary importance.  It  is  formed  in  the  calci- 
nation of  this  metal  per  fe,  and  is  formed  at  fo 
early  a period  that  it  is  probably  the  firft 
change  that  this  metal  undergoes  by  union  with 
oxygen,  though,  as  already  mentioned,  the 
colour  is  not  obvious  at  firft,  on  account  of 
being  mixed  with  metallic  lead  finely  attenu- 
ated, and  not  yet  oxygenated,  which  debafes 
tlie  colour  to  grey  or  yellowifti-green,  till  it  is 
feparated  by  walhing.  Majftcot  is  the  yellow 
oxyd,  as  pure  as  it  can  be  formed  by  mere  cal- 
cination, but  as  this  is  changed  to  minium  by 
continuing  the  procefs,  the  yellow  oxyd  made 
by  heat  can  never  be  procured  fo  uniform  as  by 
folution. 

If  lead  be  diflblved  in  nitric  acid,  the  folu- 
tion cryftallized,  the  cryftals  dilTolved  in  water, 
and  precipitated  by  carbonat  of  potafh,  a white 
carbonat  of  lead  is  produced,  which  heated  in 
a retort  gradually  to  rednefs,  parts  with  its 
carbonic  acid  and  water,  and  the  pure  yellow 
oxyd  is  left. 

The  proportions  of  thefe  fubftances  given  by 
Dr.  Thomfon  are  the  following  : 69  grains  of 
lead  form  1 1 2 of  the  folid  nitrat  (dried  at  300°) 
which  produce  90  of  the  carbonat,  which  is 
reduced  by  ignition  in  a retort  to  77  of  the 
yellow  oxyd.  Therefore  77  of  this  oxyd  con- 
tain 69  of  lead  and  8 of  oxygen,  or  per  cent. 
89.7  of  lead  and  IQ.3  of  oxygen.  But  Prouft 
gives  the  compofition  of  the  yellow  oxyd  to  be 
91  of  lead  and  9 of  oxygen. 

But  KLlaproth  found  that  100  parts  of  lead 
diflblved  in  dilute  muriatic  acid,s  precipitated 
by  cauftic  potaflt,  and  the  oxyd  waftied  and 
brifldy  dried  till  it  began  to  turn  yellowifti, 
amounted  to  1 1 c grains,  which  would  give  the 
proportions  of  86.78  of  lead  to  13.22  of  oxy- 
gen. It  is  impoffible  to  reconcile  thefe  refults  in 
a fatisfatlory  manner  without  further  experi- 
ments. 

The  yellow  oxyd  may  alfo  be  obtained  by 
* Effays,  vol.i.  p.  J39.  ‘ Thojnfon. 


dlre£f  calcination  of  the  nitrat  in  clofe  veflels 
till  every  thing  volatile  is  driven  off,  by  which 
the  remaining  oxyd  melts  into  a hard  yellow 
opake  glafs,**  but  this  mode  will  net  give  the 
proportions  with  accuracy,  as  fome  of  the  lead 
is  totally  reduced  in  the  procefs,  and  is  found 
diffufed  in  globules  in  the  fubftance  of  the 
glafs. 

There  is  yet  another  oxyd  of  lead  to  be  no- 
ticed, which  is  the  brown  oxyd. 

In  this  the  lead  is  at  the  higheft  ftate  of  oxy- 
genation. It  was  firft  difeovered  by  Scheele, 
and  many  of  its  diftinguiftiing  properties  noticed 
by  him.  It  is  procured  by  adding  nitric  acid 
to  minium.  The  experiments  of  Scheele  are 
the  following  ;* 

If  finely  powdered  minium  be  diflblved  in 
nitrous  acid,  diluted  with  a triple  quantity  of 
water,  a black  or  brown  powder  remains  which 
is  the  oxyd  in  queftion.  This  is  not  foluble  in 
the  adid  by  itfelf,  but  on  adding  a little  fugar 
a clear  folution  is  immediately  obtained.  The 
fame  happens  with  dilute  vitriolic  acid.  If 
muriatic  acid  be  poured  on  the  black  powder 
an  effervefcence  takes  place  when  warmed,  and 
a ftrong  fmell  of  aqua  regia  (oxylnuriatic  acid) 
rrfes,  the  powder  becomes  whiter  and  is  turned 
into  commorr  white  muriat  of  lead.  If  the 
oxyd  be  diftilled  by  itfelf  in  a glafs  retort,  it 
grows  yellow  and  becomes  in  every  refpebf 
fimilar  to  the  common  yellow  oxyd  of  lead, 
and  is  then  entirely  foluble  in  nitrous  acid,  and 
no  longer  gives  any  fmell  of  oxymuriatic  acid.- 

To  thefe  accurate  obfervatlons  of  this  excel- 
lent chemift  it  may  be  added,  that  in  calcina- 
tion per  fe  it  gives  off  much  oxygen  gas  during 
its  converfion  to  the  yellow  oxyd,  which  Dr. 
Thomfon  eftimates  at  9 per  cent,  of  the  weight. 
In  infolubility  in  nitric  acid  it  refernbles  the 
black  oxyd  of  manganefe,  in  which  alfo  fugar 
effedls  a folution  by  depriving  the  oxyd  of  a 
portion  of  its  oxygen.  The  fame  effe£l:  is  pro- 
duced by  adding  reguline  lead  to  the  acid  and  mi- 
nium, by  which  alfo  a folution  is  obtained,'*  and 
then  none  of  the  brown  oxyd  is  formed,  or  if 
already  formed  it  again  difappears.  We  may 
conclude  therefore  that  minium  is  too  much 
oxygenated  to  be  entirely  diflblved  without  heat 
in  nitric  acid,  but  when  thefe  fubftances  come 
In  contabf,  an  unequal  partition  of  oxygen 
takes  place,  one  portion  abforbing  oxygen  from 
the  other,  and  becoming  thereby  the  brown 
oxyd,  and  the  other  by  the  lofs  of  oxygen  pair- 
ing to  the  ftate  of  yellow  oxyd  and  diffolving 
In  the  acid,  and  hence  the  nitrous  folution 
ftanding  over  the  brown  oxyd  gives  a yellow.-^ 
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precipitate  wita  alkaiics,  hke  tiie  common 
nitrat  of  lead.  The  oxymuriatic  acid  gas  palTed 
through  water  and  minium,  alfo  eaufes  one 
portion  to  be  difiblved,  and  converts  the  other 
to  the  brown  oxyd.  ^ 

This  oxyd  is  a taftelefs  powder  of  a flea- 
brown  colour,  very  fine  and  light."*  As  loo 
grains  lofe  9 of  oxygen  by  heating,  and  be- 
come converted  thereby  into  yellow  oxyd. 
Dr.  T.  concludes  that  it  is  compofed  of  91  of 
yellow  oxyd  (containing  9.4  of  oxygen)  and  9 
of  oxygen,  and  hence  100  parts  of  it  contain 
81.6  of  lead  and  18.4  of  oxygen.  Profeflbr 
Proull  makes  the  proportion  of  oxygen  to  be  21 
per  cent.  Whichever  calculation  is  taken  it  is 
unqueftionably  in  the  highell  degree  of  oxyge- 
nation that  lead  is  known  to  affume  ; minium, 
the  next  in  order,  containing  not  more  than 
1 2 per  cent. 

To  the  above  obfervations  on  the  oxyds  of 
lead  may  be  added  in  this  place  the  compofition 
of  the  artificial  white  carbonat  produced  by 
decompofing  any  fait  of  lead  by  a carbonated 
alkali.  According  to  Dr.  Thomfon  112  grains 
of  nitrat  of  lead  (containing  69  of  reguline  lead) 
produce  by  folution  in  water,  and  decompo- 
iition  by  carbonat  of  potafti,  90  grains  of  the 
white  carbonat  when  dried  at  300°.  Thefe  90 
grains,  when  heated  flowly  to  rednefs,  part 
with  13  grains,  which  are  water  and  carbonic 
acid,  and  77  grains  of  yellow  oxyd  remain. 
Hence  100  grains  of  carbonat  would  produce 
85.5  grains  of  yellow  oxyd,  the  metallic  part 
of  which  would  be  76.6  grains,  and  the  oxygen 
8.9. 

It  may  be  of  ufe  to  recapitulate  all  the  oxyds 
and  carbonated  oxyds  of  lead  in  the  fuppofed 
order  of  oxygenation,  (beginning  with  the  lowell) 
with  their  leading  properties,  prernifing  that  it 
is  a fubje£l  in  which  there  are  ftill  many  points 
of  uncertainty  w'hich  it  would  not  be  very  dif- 
ficult for  future  experiments  to  clear  up. 

The  fuh-oxyd  Hated  by  Prouft  to  be  formed  by 
hoiling  the  nitrat  of  lead  with  reguline  lead. 
The  exillence  of  this  is  doubtful. 

The  yellow  oxyd  prefumed  to  be  the  bafis  of 
moll  of  the  falts  of  lead,  particularly  the  com- 
mon nitrat  from  which  its  proportions  have 
been  deduced.  It  is  produced  either  by  heat- 
ing minium  till  it  no  longer  gives  out  oxygen, 
or  by  calcining  the  folid  nitrat  (in  both  of 
which  cafes  it  is  mixed  with  reduced  lead)  or 
more  accurately  by  heating  the  white  carbonat 
nearly  to  melting,  or  by  decompofing  the  falts 
of  which  it  is  the  bafis  by  caultic  alkali.  It 
^ives  no  oxygen  gas  when  heated  even  to  melt- 
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mg.  It  contains,  according  to  Proud,  9 per 
cent,  of  oxygen,  and  according  to  Thomfon 
about  10  per  cent.  It  yet  remains  to  be  proved 
whether  it  does  not  acquire  fome  other  ingre- 
dient from  the  long-continued  calcination  with 
coal-flame  befides  oxygen. 

Majpcot  is  the  yellow  oxyd  formed  by  the 
calcination  of  lead  in  its  progrefs  to  the  Hate 
of  minium,  and  probably  refembles  the  yellow 
oxyd  very  clofely,  but  is  lefs  uniform  in  its 
compofition. 

Minium  or  red  oxyd  is  formed  by  long-con- 
tinued calcination  of  lead,  is  infoluble  as  fuch 
in  apids,  apparently  from  being  too  highly  ox- 
ygenated. Its  compofition  is  varioufly  ftated, 
and  probably  really  varies  according  to  the  cir- 
cumftances  of  manufaiflure.  Vauquelin  Hates 
it  to  contain  generally  no  more  than  9 per 
cent,  of  oxygen ; Thomfon,  1 2 per  cent,  and 
others  fomewhat  higher. 

Though  it  gives  out  oxygen  when  heated, 
and  pafles  to  the  yellow  oxyd,  this  is  not  an 
unexceptionable  proof  of  its  containing  more 
oxygen,  on  account  of  the  entire  reduftion  of 
a portion  which  always  takes  place,  but  the 
HrongeH  proof  of  its  fuper-oxygenation  is  de- 
rived from  the  a£lion  of  nitric  acid  as  already 
defcribed,  and  its  feparation  into  two  oxyds,  of 
which  the  leajl  oxygenated  is  the  yellow  oxyd, 
but  if  It  is  really  the  bafis  of  the  fulphat  of  lead 
it  would  appear  to  contain  no  more  than  about 
7 per  cent. 

The  brown  oxyd  is  formed  by  the  further  oxy- 
genation of  minium,  is  infoluble  as  fuch  in 
acids,  with  muriatic  acid  gives  oxymuriatic  acid 
gas,  gives  out  much  oxygen  on  being  heated,  and 
contains,  according  to  Thomfon,  18.4  per 
cent,  of  oxygen,  and  according  to  ProuH  21 
per  cent. 

Litharge^  according  to  Thomfon,  is  the  yel- 
low oxyd  combined  with  about  4 per  cent,  of 
carbonic  acid. 

The  white  carbonat  is  the  yellow  oxyd  fully 
faturated  with  carbonic  acid  and  water,  both  of 
which  are  driven  off  at  a red  heat  and  the  yel- 
low oxyd  left  pure. 

All  the  pure  oxyds  or  carbonated  oxyds  of 
lead  are  reducible  with  great  eafe  when  heated 
red  hot  in  conta£l  with  carbonaceous  matter. 
It  is  not  neceffary  to  mix  them  with  any  reduc- 
ing flux,  nothing  more  being  required  in  the 
way  of  experiment  than  to  lay  them  in  a co- 
vered crucible  lined  with  charcoal.  The  fame 
redu£lion  takes  place  when  heated  by  the  blow- 
pipe on  charcoal. 

When  Hrongly  heated  per  fe,  and  efpecially 
* ThomfoB. 


in  a draught  of  hot  air,  the  oxyds  of  lead 
partly  volatilize  during  vitrification. 

$ 4.  Lead  is  foluble  in  moft  acids.  All 
the  falts  have  a fweetilh  tafte,  and  are  ftrongly 
ftyptic  or  aftringent  in  the  mouth. 

Pruffiat  of  potafh  caufes  a white  precipitate, 
and  all  the  hydrofulphurets  a deep  black-brown 
precipitate,  even  in  very  minute  quantities,  fo 
as  fo  furnifh  an  excellent  teft  for  the  prefence 
of  this  metal. 

Tlie  fulphuric  acid  has  no  action  on  lead 
when  cold,  or  even  when  moderately  warmed, 
whether  concentrated  or  dilute,  but  at  a boiling- 
heat  the  acid,  when  llrong,  diiTolves  this  metal 
llowly  with  evolution  of  fulphureous  acid,  and 
a thick  white  party  mafs  is  produced  which  is 
the  fulphat  of  lead.  It  is  on  account  of  the 
difficult  folubility  of  lead  in  this  acid  that 
the  chambers  in  which  the  fulphuric  acid  is 
made  are  lined  with  fheet  lead,  and  the  boil- 
ers in  which  it  is  firrt  concentrated  are  of 
the  fame  material,  but  a certain  quantity  of 
fulphat  gradually  colle£ts,  which  is  thrown 
away. 

The  fait  procured  in  this  way  has  always 
an  excefs  of  acid  by  which  it  is  rendered 
nightly  foluble  in  water,  but  after  it  has  been 
waflied  with  water  the  remainder  is  nearly 
neutral,  and  is  fcarcely  foluble  in  more  water. 
The  firrt  wafhings  will  cryrtallize  by  eva- 
poration into  fmall  needles,'  which  retain  a 
fmall  excefs  of  acid.  Sulphat  of  lead  is  alfo 
formed  by  adding  fulphuric  acid  to  any  of  the 
falts  of  the  metal,  fuch  as  the  nitrat  or  muriat, 
but  the  decompofition  is  rtill  more  perfedl  when 
any  of  the  alkaline  or  earthy  fulphats  is  em- 
ployed. In  the  former  cafe  fome  of  the  fulphat 
remains  in  folution  till  the  liquor  is  quite  eva- 
porated by  favour  of  the  excefs  of  acid,  in  the 
latter  the  whole  is  precipitated  at  once.  Thus 
a large  quantity  of  this  fulphat  is  made  in  the 
preparation  of  the  mordant  of  the  bleachers  by 
the  decompofition  of  alum  and  acetited  lead, 
acetited  alumine  being  contained  in  the  clear 
liquor,  and  a copious  depofition  of  fulphat  of 
lead  falling  down.  Sulphat  of  lead  is  fcarcely 
decompofafale  by  mere  heat,  fo  that  in  all  pro- 
ceffes  of  analyfis  it  may  be  dried  freely  at  a mode- 
rate red  heat  without  danger  of  error.  On  char- 
coal the  metal  is  reduced.  When  very  ftrongly 
heated  per  fe  it  gives  fulphureous  acid  gas. 

The  compofition  of  this  fait  is  given  with 
but  little  variation  by  different  chemifts.  The 
proportion  of  metal  eftimated  by  Kirwan  is  71 
per  cent."  Klaproth  (from  the  artificial  fulphat 
which  is  the  kind  here  defcribed)  gives  in  one 
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cafe  70.37.  and  in  another  71  per  cent,  as' ob- 
tained by  the  adlual  reduction  of  100  parts  of 
the  ignited  fulphat;  and  Vauquelin  makes  it 
70.4  per  cent.  All  thefe  eminent  chemifts  alfo 
agree  in  fixing  the  quantity  of  oxygen  united 
to  thefe  70  or  71  of  lead  to  be  about  5 parts, 
which  would  form  an  oxyd  in  which  the  oxy- 
gen was  no  more  than  about  7 per  cent,  a pro- 
portion much  lefs  than  that  eftimated  to  be 
contained  in  the  yellow  oxyd,  which  is  fup- 
pofed  to  be  the  bafis  of  this  fait.  V/ith  regard 
to  the  quantity  of  fulphuric  acid,  100  parts  of 
the  artificial  fulphat  of  lead,  when  decompofed 
by  acetited  or  nitrated  barytes,  give  nearly  34 
parts  of  fulphat  of  barytes,  of  which  the  real 
fulphuric  acid  is  about  24,  which  therefore  is 
the  quantity  contained  in  100  parts  of  fulphat 
of  lead. 

On  a general  average  therefore  it  may  be 
ftated  that  100  parts  of  this  fait  healed  mode- 
rately to  red  nefs  confift  of  about  71  lead,  24 
fulphuric  acid,  and  5 oxygen. 

Tl-c  adlion  of  the  fulphureous  acid  on  lead 
has  been  examined  by  Meffrs.  Fourcroy  and 
Vauquelin."  This  acid  does  not  diffolve  regu- 
line  lead,  but  the  oxyds  readily  if  not  too  highly 
oxygenated.  When  fulphureous  acid  is  digeft- 
ed  with  minium  the  red  colour  is  foon  loft, 
and  with  it  the  pungent  finell  of  the  acid,  and 
a white  magma  is  produced,  which  is  a mix- 
ture of  fulphat  and  fuiphite  of  lead.  But  if 
this  acid  be  added  to  the  nitrat  of  lead,  only  the 
fuiphite  of  lead  is  produced,  a collateral  proof 
that  in  the  nitrat  the  lead  is  lefs  oxygenated  than 
in  minium. 

This  fuiphite  when  well  waftied  is  infipid  and 
infoluble.  Heated  with  the  blowpipe  on  char- 
coal, it  firft  becomes  yellow,  and  gives  a faint 
phofphorefcent  flame,  and  then  is  entirely  re- 
duced. Heated  gradually  in  a retort  it  gives 
out  water,  fulphureous  acid,  and  fulphur,  and 
at  laft  a greenifli-yellow  fulphat  of  lead  is  left. 
Sulphuric  and  muriatic  acid  added  to  this  fui- 
phite make  an  effervefcence  and  difengage  ful- 
phureous acid  vapour,  but  the  nitric  • acid 
changes  it  to  the  fulphat. 

The  nitric  acid  a little  dilute  diffolves  lead 
with  great  fteadinefs,  giving  out  an  uniform 
moderate  ftream  of  nitrous  gas.  If  the  acid 
be  in  too  fmall  a quantity  a white  fub-nitrated 
oxyd  is  formed,  but  more  of  the  acid  brings  it 
to  a clear  folution,  except  a fmall  portion  of  a 
grey  powder  which  Dr.  Thomfon  finds  to  be 
oxyd  of  antimony  with  a little  filex.>*  This 
folution  is  not  made  cloudy  by  adding  pure 
water  by  which  it  may  be  immediately  diftin- 
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guiflicd  from  tKe  nitrat  of  blfmuth.  By  due  era- 
poration  it  readily  furnifhes  large  regular  cryftals, 
generally  in  the  form  of  flattened  trihedral  py- 
ramids with  the  apices  truncated,  but  fometimes 
in  truncated  hexahedi'al  pyramids.  Thefe  cryf- 
tals are  of  a pe^l- white  and  foluble  in  about 
7 1 parts  of  boiling  water.  A hundred  parts 
of  nitrat  of  lead,  dried  at  300%  contain  61.^ 
of  lead.*'  '^This  fait  when  in  folution  is  readily 
decompofed  by  fulphuric  acid  or  any  alkaline 
fulphat.  Dry  nitrat  of  lead,  diftilled  per  fe  in 
a full  redlieat,  gives-  much  nitrous  gas,  oxygen, 
and  nitrous  oxyd,  and  finally  a yellow  oxyd  of 
lead  remains  which  readily  vitrifies  and  corrodes 
the  fides  of  the  earthen  or  glafs  veflel.  'But 
a portion  is  entirely  reduced,  fo  that  globules 
of  lead  are  found  entangled  in  the  vitrified 
oxyd.  The  lofs  fuftained  by  nitrat  of  lead  on 
being  heated  red-hot  for  half  an  hour  amounts 
to  about  40  per  cent.'’ 

Nitrat  of  lead,  boiled  with  metallic  lead, 
forms  a fait  much  lefs  foluble  in  water  than  the 
common  nitrat,  and  appears  under  the  form  of 
yellow  fcaly  cryftals,  as  firft  noticed  by  Prouft. 
Thefe,  Dr.  Thomfon  has  very  fatisfaeforily 
{hewn  to  be  a fub-nitrat,  as  already  deferibed 
when  mentioning  the  oxyds  of  lead  and  the 
fub-oxyd  fuppofed  by  Prouft  to  be  formed  in 
this  way. 

Nitric  a-cid  appears  to  be  incapable  of  diflTolv- 
Ing  minium  without  firft  decorapofing  it,  and 
caufing  it  to  feparate  into  two  portions  one  of 
them  containing  more  and  the  other  lefs  oxygen 
.than  minium.  Hence  when  thefe  two  fub- 
ftances  are  dlgefted  together,  about  fix  fevenths 
of  the  minium  lofes  oxygen  enough  to  diflblve 
and  form  the  common  nitrat,  and  the  remain- 
ing feventh  part  pafles  to  the  ftate  of  the  info- 
luble  brown  oxyd,  as  already  mentioned  when 
deferibing  the  oxyds. 

The  yellow  oxyd  of  lead  dilTolves  in  nitric 
acid  without  effervefccnce  of  nitrous  gas  and 
the  common  nitrat  is  formed,  and  hence  it  is 
reafonably  inferred  that  the  metal  of  this  fait 
is  in  the  ftate  of  yellow  oxyd,  fince  the  nitric 
acid  is  not  decompofed  in  this  cafe.  The  pure 
alkali  likewife  feparates  a yellow  oxyd  from  the 
nitrat. 

When  oxymuriatic  acid  gas  is  pafled  through 
water  with  minium  or  any  other  oxyd  of  lead,  it 
is  readily  abforbed,  the  oxyd  becomes  of  a deep 
black-brown  and  a pa:t  is  dilTolved  into  a yel- 
low liquor,  the  oxymuriat  of  lead,  as  firft  dif- 
covered  by  Prouft.  This  fait  is  much  more 
foluble  than  common  muriat  of  lead.  The 
fame  f\lt  is  formed  by  adding  oxymuriatic  acid 

^ Ditto,  «■  Ditto, 


to  nitrst  of  lead,  which  does  not  produce  an 
immediate  white  precipitate  as  the  muriatic 
acid  does,  but  gradually  caufes  the  depofition 
of  the  brown  oxyd,  which  as  already  mentioned 
is  lead  in  the  higheft  ftate  of  oxygenation.  All 
excefs  of  the  acid  rediflblves  this  oxyd.* 

Potafti  or  foda,  added  to  this  fait  in  folution, 
caufes  the  precipitation  of  the  brown  oxyd,  but 
ammonia  immediately  produces  a white  precipi- 
tate, which  is  probably  muriat  of  lead  formed 
by  the  difoxygenation  of  part  of  the  oxymuriatic 
acid  by  means  of  the  ammonia. 

Muriatic  acid  diflblves  lead  when  heated,  but 
with  difficulty.  It  combines  readily  with  the 
yellow  oxyd  or  the  carbonated  oxyd,  expelling 
the  carbonic  acid  of  the  latter. 

But  this  muriat  is  more  expeditioufly  formed 
by  adding  muriatic  acid  or  any  alkaline  or 
earthy  muriat  to  nitrat  of  lead,  which  caufes 
immediately  a white  thick  bulky  precipitate, 
almoft  like  a coagulum,  and  much  more  volu- 
minous than  that  which  is  produced  by  adding 
the  fulphuric  acid.  This  fait  is  fweetifh  to 
the  tafte,  and  is  foluble  in  about  22  parts  of 
cold  water,  in  which  latter  refpedS:,  as  well  as 
in  not  changing  colour  by  fliort  expofure  to 
light,  it  may  be  diftinguiftied  from  muriat  of 
filver,  which  it  refembles  in  outward  appear- 
ance *,  and  water  may  therefore  be  ufed  to  fepa- 
rate the  muriat  of  lead  from  that  of  filver,  but 
nitric  acid  is  ftill  preferable.  The  muriat  of 
lead  is  alfo  foluble  In  acetic  acid,  by  which 
alfo  it  may  be  diftinguiftied  from  muriat  of 
filver,  and  from  fulphat  of  lead.  When 
the  hot  faturated  folution  of  this  fait  cools 
gradually,  much  of  it  feparates  in  fmall  fea- 
thery cryftals,  and  the  reft  in  regular  fix- 
fided  prifms. 

Muriat  of  lead  is  not  deliquefeent.  When 
heated  by  itfelf  it  readily  melts,  and  a white 
vapour  fublimes  from  the  furface  which  leaves 
a very  permanent  fugary  tafte  in  the  mouth. 
The  melted  fait  ha#  a femi-vitreous  glofly  ap- 
pearance, and  a grey-brown  colour.  It  has 
been  termed  by  die  older  chemifts  plumbum 
corneum,  in  analogy  with  the  correfponding  fait 
from  filver  the  lima  carnea. 

•-  The  compofition  of  this  fait  is  given  with 
fome  variation  by  different  chemifts.  According 
to  Klaproth,  100  grains  dried  fully,  but  fhort 
of  volatilization,  contain  75  of  lead  and  14  of 
muriatic  acid  (the  latter  being  eftimated  by- 
being  combined  with  filver  and  taking  the  acid 
of  luna  cornea  at  15.4  per  cent.)  and  the  re- 
maining 1 1 parts  are  oxygen  and  -water.  Ac- 
cording to  Chenevix  100  part#  of  muriat  of 
* Fturcroy  Syftemt. 
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lead  decompofed  by  nitrat  of  filver  produce  layer,  according  to  the  number  of  pots.  The 
81.3  of  luna  cornea,  the  acid  ,of  which  is  12.5  heat  of  the  dung  foon  fills  the  upper  part  of  the 
parts.  According  to  Kirwan  roo  parts  of  mu-  pots,  with  the  vapour  of  the  vinegar  below,  and 
xiat  of  lead  fully  deficcated  contain  1 7 of  muri-  the  lead  kept  conftantly  In  contaft  with  the  acid 
atic  acid  and  83  of  oxyd  of  lead,  which  laft  vapour,  but  not  immerfed  in  the  liquor,  prefently 
(if  oxygenated  at  the  rate  of  9 per  cent.)  would  begins  to  corrode  and  oxidate  at  the  furface.  The 
indicate  75.5  of  lead  j if  at  7 per  cent.  77  of  pots  remain  under  the  litter  for  about  two 
lead.  months,  at  the  end  of  which  time  they  are  taken 

When  muriatic  acid  is  gently  heated  with  out  and  the  coils  of  lead  are  found  deeply  corrod- 
minium  the  latter  gives  a part  of  its  oxygen  to  ed  and  the  furface  converted  into  a whitifh  fcaly 
the  acid,  part  of  which  in  confequence  aflumes  brittle  oxyd.  This  Is  feparafced  by  pafllng  the 
the  form  of  oxymuriatic  acid,  and  the  lead,  plates  between  rollers,  which  caufes  It  to  peel 
now  partially  deoxygenated,  unites  with  the  off,  leaving  the  lead  beneath  in  the  metallic  ^ 
remainder  of  the  acid  into  the  common  white  ftate.  This  oxyd  is  then  mixed  with  a little 
muriat  of  lead.  This  change  takes  place  ftill  water,  and  paffed  between  a pair  of  mil  1-ftones ; 
more  ftrikingly  with  the  brown  oxyd.  But  then  the  finer  parts  are  feparated  from  the 
when  minium  is  employed  in  a large  quantity,  coarfer  by  fuccelTive  wafhings,  the  fornier  being 
no  oxymuriatic ' acid  is  produced,  but,  infiead  longer  fufpended  in  water  than  the  latter,  till 
of  it,  the  brown  oxyd  and  common  muriat  the  whole  of  the  finer  oxyd  is  obtained.  This 
of  lead.*  is  then  dried  either  in  the  air  or  in  large  airy 

The  carbonic  acid  unites  readily  with  the  rooms  warmed  by  a fmall  ftove,  and  is  then 
oxyd  of  lead,  forming  (as  already  mentioned)  perfedl  cerulTe  or  white  lead  fit  for  ufe.  Of 
the  white  carbonat  when  fully  faturated,  and  late  years  the  fcales  of  oxyd,  inftead  of  being 
in  a lefs  proportion,  converting  the  yellow  oxyd  feparated  from  the  coils  by  dry  laminating, 
to  the  ftate  of  litharge.  The  proportions  of  which  ralfed  a duft  of  lead  highly  injurious  to 
thefe  two  carbonats  have  been  already  given,  the  health  of  the  people  about  them,  are  de- 
The  white  carbonat  is  produced  by  decompof-  tached  by  fpreading  the  coils  upon  a perforated 
ing  the  uitrat  or  any  other  fait  by  a carbonated  wooden  floor  covered  with  water,  and  drawing 
alkali.  Water  holding  carbonic  acid  will  rea-  them  to  and  fro  by  rakes,  which  detaches  the 
dily  dillblve  enough  of  the  oxyd  of  lead  by  re-  oxyd  and  caufes  it  to  fink  through  the  water 
maining  fome  time  in  contaft,  as  to  be  very  and  the  holes  of  the  floor  to  the  bottom  of  the 
readily  detected  by  the  hydro-fulphurets.  veflel  below. 

CeruJJe  or  white  lead  is  a carbonat  prepared  The  cerufle  or  white  lead  thus  formed  was 
in  the  firft  part  of  the  procefs  of  making  acetite  found  by  Bergman  to  be  a carbonated  oxyd  of 
of  lead.  It  is  made  in  the  following  way : lead  lead,  and  not  an  acetite  or  fub-acetite,  though 
is  melted  and  caft  in  a cafe  or  mould,  fo  as  to  the  acetous  acid  is  the  means  of  its  formation, 
form  a flieet  about  two  feet  long,  five  Inches  The  acetous  acid  does  not  diflblve  lead  when 
broad,  and  from  to  k ®f  inch  thick.  The  in  clofe  velfels,  but  with  accefs  of  air  it  firlc 
lead  in  this  inftance  is  caft  at  once  of  the  pro-  oxidates  it,  and  then  diflblves  the  oxyd.  Or 
per  form,  and  not  mechanically  flattened  like  the  folution  may  be  made  by  adding  oxyd  of 
ilieet  lead,  that  its  texture  may  be  more  open,  lead  or  carbonated  oxyd  to  vinegar,  and  digeft- 
an<l  more  eafily  penetrated  by  the  acid  vapour,  ing  for  a time. 

rhefe  plates  are  then  rolled  up  into  a loofe  coil,  Acetite  of  lead,  commonly  called  fugar  of 
and  each  is  laid  perpendicularly  in  an  earthen  lead,  is  a fait  ufed  very  largely  in  manufactures, 
pot,  like  a common  garden-pot,  holding  from  particularly  In  calico-printing,  and  the  prepa- 
,twQ  to  fix  pints  each,  but  with  a ledge  on  the  ration  of  it,  though  very  Ample,  is  confined-  to 
infide  about  half  way  down  on  which  the  coil  a very  few  places  and  countries.  Moft  of  the 
of  lead  refts,  fo  that  it  may  not  touch  the  hot-  fugar  of  lead  ufed  in  this  country  is  imported 
tom.  Each  pot  is  filled  with  vinegar  of  any  from  Holland.  This  fait  is  made  very  nearly 
kind,  juft  lo  high  as  not  to  wet  the  bottom  of  in  the  manner  of  cerufle,  that  is,  lead  fheets 
the  lead,  and  the  whole  is  alfo  covered  with  a are  put  into  pots  with  vinegar  and  digefted  a 
plate  of  lead  fitting  very  clofe.  The  pots  are  fufficient  time,  but  here  the  vinegar  is  diftilled, 
then  ranged  under  a building,  fo  as  to  flielter  and  the  plates,  inftead  of  being  entirely  out  of 
them  from  the  weatlier,  and  burled  pretty  deep  the  liquor,  are  half  immerfed  in  it.*^  This  be- 
in  frefh  liable  litter  or  Tanner’s  bark,  layer  upon  ing  done,  the  upper  half  is  foon  covered  with 

• Fourcroy.  * Ponder  Journ  des  Mines,  No.  69. 
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elHoreicence  of  cerufTe,  after  which  it  is 
•immorfed  in  the  vinegar,  and  the  part  which 
was  before  immerfed  is  now  brought  up  to  be 
converted  into  cerufl'e  as  before,  when  the  plate 
is  again  turned,  and  the  newly  oxydated  furface 
4n  its  turn  buried  in  the  liquor.  The  plates  are 
thus  turned  about  t>A.'o  or  three  times  a day, 
.and  the  vinegar  in  faturating  itfelf  wkh  the  cc- 
.rulTe  become  milky,  and  foon  fufficiently  irn- 
q)regnated  to  be  boiled  down  to  the  cryftallizing 
point,  which  is  done  .in  tinned  veflels  to  about 
.a  third  of  the  original,  quantity.  This  is  then 
drained,  and  on  cooling  depofits  the  acetite  in 
-fmall  long-needled  irregular  whitifli  cryftals. 
The  mother-liquor  is  again  evaporated  for  a 
•frelh  crop  of  crydais,  but  thefe  are  browner  and 
fomewhat  deliquefcent. 

Acetite  of  lead  may  alfo  be  made  diredfly  by 
diflblving  cerufl'e  or  litharge  in  vinegar,  and 
probably  the  natural  carbonat  will  anfwer  the 
fame  purpofe.  Some  technical  nicety  appears 
to  be  required  in  making  .the  fait  crydallize  in 
the  large  way. 

Sugar  of  lead  has  a remarkably  fweet  tafte, 
•by  no  means  unpleafant,  but  mixed  with  con- 
•fiderable  adringency.  By  re-folution  in  boil- 
ing water  and  flow  cooling,  it  changes  its  ap- 
pearance confiderably,  and  afl'umes  the  form 
-of  large  tranfparent  tetrahedral  prifms  or  length- 
ened parallepipeds.  Carbonic  acid  in  any  form 
‘decQtr.pofes  tliis  fait,  and  caufes  a v/hite  car- 
bonat to  be  precipitated,  and  hence  one  caufe 
iof  the  milkincfs  which  it  ufually  afl'umes  with 
-fpring  water,  but  this  is  alfo  partly  owing  to 
,the  lulphats  contained  in  mod  natural  fprings. 

When  dry  acetite  of  lead  is  brifldy  heated 
Avithout  addition  in  a retort,  it  gives  aii  acetous 
red  fetid  liquor,  and  the  refidue  of  the  didilla- 
tion  furniflies  a good  pyrophorus.  But  Proud, 
jn  didilling  it  very  ilowly,  obtained  fird  a 
Avatery  vinegar,  then  a yellov/  -liquid  with  the 
fmell  of  alcohol  but  rather  empyreumatic,  from 
which  after  a time  ammonia  was  difengaged,  and 
from  which,  when  faturatcd  with  potaflr,  a drong 
fmeliing^etherial  oil  feparated.  The  liquid  dif- 
ttilled  from  the  folution  furnidied  a drong  in- 
flammable fluid  refembling  ether. 

Litharge  boiled  with  vinegar  to  entire  fatu- 
ration  forms  a reddifli-brown  folution,  univer- 
faliy  known  in  medicine  as  Goulard’s  extradi;, 
and  it  feems  to  contain  much  more  oxyd  of 
lead  than  the  common  acetite. 

I he  tartareous  acid  has  no  diredt  adfion  on 
Jead,  but  added  to  the  red  oxyd  it  whitens  it, 
and  if  a few  drops  of  the  acid  in  folution  be 
Journ.  de  Ph-yf.  vol.  Ivi.  p. 


poured  into  the  liquid  nitrat,  or  any  other  folu- 
ble  fait  of  lead,  a white  pulverulent  tartritc  of 
lead  is  feparated. 

Tartar,  or  the  fuper-tartrite  of  potafli,  is  par- 
tially decompofed  by  the  falts  or  oxyds  of  lead, 
the  excefs  of  tartareous  acid  uniting  with  the 
lead,  and  neutralized  tartrite  of  potafh  remain- 
ing injthe  folution. 

The  oxalic  acid  readily  tarnilhes  metallic  lead, 
but  difiblves  the  oxyds  with  much  more  eafe. 
The  folution  when  faturated  depofits  fmall  bril- 
liant cryltals,  which  foon  grow  opake  In  the 
air. 

Similar  cryftals  of  oxalat  of  lead  are  alfo  ob- 
tained by  adding  oxalic  acid  to  nitrat  or  acetite 
of  lead. 

The  malic  acid  unites  readily  with  lead  when 
added  to  any  of  its  foluble  falts.  The  rnalat  of 
lead  is  again  decompofed  by  the  fulphuric  acid, 
which  is  the  method  propofed  by  Scheele  of 
obtaining  this  vegetable  acid  pure.  (See  malic 
acid.) 

The  arffnic  acid  added  to  lea<l  firft  blackens 
and  then  converts  it  to  a grey  powder.  Scheele'* 
found  that  when  one  part  of  lead  lhavings  was 
cliftllled  with  two  parts  of  dry  arfenic  acid  the 
lead  was  difi'olved,  a little  arfenic  fubllmed, 
and  in  tlie  retort  was  left  a milky  glafs,  which, 
boiled  in  water,  left  a white  powder  which 
was  arfeniat  of  leacl.  Avleniat  of  lead  is  alfo 
formed  immediately  by  adding  arfenic  acid  or 
any  other  arfeniat  to  the  nitrat  acetite  or  moft 
other  falts  of  lead.  The  natural  arfenlats  of 
iron  and  copper  are  ufetully  analyzed  in  this 
way.  (See  vol.  i.  page  102  and  332.) 

Arfeniat  of  lead  is  however  decompofed  by 
fulphuric  acid,  and  the  arfenic  acid  left  in  the 
folution  while  the  fulphat  of  lead  fubfides.  It 
is  alfo  foluble  in  acetic  acid,  which  the  fulphat 
of  lead  is  not. 

Many  other  of  the  acids  unite  with  lead, 
forming  falts  little  known,  which  will  be  found 
under  thofe  refpefHve  acids. 

The  fixed  alkalies  diflblve  the  oxyd  of  lead, 
either  by  direci:  combination  or  by  decompofing 
any  oi  the  acid  lalts  of  this  metal  by  the  alkali, 
and  redifl'olving  the  precipitated  oxyd  by  an 
excefs  of  the  alkali.  None  of  the  lalts,  how- 
ever, can  be  completely  decompofed  in  this 
way,  for  it  is  not  ftri£lly  an  oxyd  that  precipi- 
tates, but  an  infoluble  fiilt  comnofed  of  the  acid 
and  an  excefs  of  oxyd  ; as  for  example,  when 
the  muriat  of  lead  is  ufed,  the  precipitate  is  mu- 
riatic acid  with  an  over  proportion  of  oxyd  (or 
z fub-muriat ) and  thereby  rendered  infoluble  in 
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water  alone,  and  the  alkali  only  dlfTolves  this 
eJccefs  of  oxyd.  But  the  carbonated  alkalies 
completely  decompofe  the  falts  of  lead. 

The  alkaline  earths  alfo  diflblve  the  oxyds  of 
lead.  The  aftion  of  lime-water  has  been  mi- 
riutely  examined  by  Berthollef. 

Lime-water  boiled  for  a long  time  on  litharge 
forms  a folutioh  which  has  been  long  known 
as  a recipe  for  blackening  hair  and  other  animal 
matters.  When  evaporated  in  a clofe  veflel  It 
depofits  fmall  tranfparent  cryftals  of  lime  with 
oxyd  of  lead.  This  folution  is  decompofed  by 
the  alkaline  fulphats  and  muriats,  and  alfo  by 
fulphuretted  hydrogen. 

Ammonia  alfo  dillblves  oxyd  of  lead  but  with 
difficulty,  and  it  does  not  decompofe  the  acid 
falts  of  this  metal  fo  readily  as  the  fixed  alkalies 
do. 

Lead  and  nitre  have  but  a very  weak  a£Hon 
on  each  other.  When  lead  filings  are  projefted 
on  melted  nitre,  little  if  any  deflagration  is 
excited,  but  the  metal  is  reduced  to  a yellow 
femi-vitrified  foliated  mafs  refembling  litharge. 

The  a£Hon  of  the  oxyds  of  lead  on  the  alka- 
line muriats  is  attended  with  fome  ftriking  phe- 
rlomena.  In  the  numerous  experiments  for 
obtaining  the  alkali  from  muriat  of  foda,  it  was 
found  that  litharge  was  able  completely  to  de- 
compofe dlls  fait  and  produce  a w’hite  mafs, 
whllft  the  naked  alkali  remained  in  folution. 
This  difcovery  has  been  , applied  to  ufe  in  the 
large  way  on  account  of  the  fine  yellow  pig- 
ment which  is  obtained  from  the  white  mafs  by 
calcination,  and  for  which  a patent  was  pro- 
cured many  years  ago  by  Mr.  Turner. 

Vauquelin  has  elucidated  this  interefting 
chemical  phenomenon  in  his  ufual  mafterly 
manner,'  He  obferves  that  we  cannot  admit 
this  decompofition  to  be  the  refult  of  Ample 
affinity  without  involving  a dire£l:  contraditlion, 
for  if  the  oxyd  of  lead  had  a ftronger  affinity 
than  foda  for  muriatic  acid,  muriat  of  lead 
could  not  be  decompofed  by  foda,  which  how- 
ever Is  readily  done  to  a certain  extent.  Nor 
can  the  carbonic  acid  of  litharge  be  concerned 
in  the  explanation,  fince  minium,  which  con- 
tains no  carbonic  acid,  operates  in  decompofing 
muriat  of  foda  full  as  powerfully  as  litharge 
does. 

But  on  the  other  hand  muriat  of  foda  is  com- 
pletely decompofed  by  litharge,  if  the  latter  be 
in  fufficient  quantity,  fo  that  this  apparent  con- 
tradidion  cannot  be  explained  by  fuppofing  the 
decompofition  only  partial,  but  recourfe  mull 
be  add  to  more  complicated  affinities. 
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The  fa(3s  and  experiments  given  by  Vau- 
quelin are  the  following  : feven  parts  of  litharge 
in  fine  powder  were  mixed  with  one  of  muriat 
of  foda  j the  whole  was  moiftened  with  water 
to  the  confiftence  of  thin  foup  and  frequently 
ftirred  during  feveral  hours.  By  degrees  the 
litharge  loft  its  natural  colour,  whitened, 
and  fwelled  prodigloufly,  abforbing  all  the 
water  that  was  ufed  at  firft,  fo  that  to  prevent 
its  hardening,  it  was  neceffary  to  add  much 
more.  As  no  further  change  took  place  after 
four  days,  the  whole  was  examined.  The 
liquid  when  filtered  had  a ftrong  alkaline  tafte, 
and  contained  alfo  a little  muriat  of  lead  but 
no  muriat  of  foda.  By  evaporation  it  furniffied 
cryftals  of  carbonat  of  foda,  rendered  opake  by 
a fmall  portion  of  muriat  of  lead.  The  fub- 
ftance  from  which  the  liquor  had  been  fepa- 
rated,  when  dried  and  waflied,  was  of  a dirty 
white,  ^nd  weighed  | more  than  the  litharge 
ufed.  Heated  gently  it  alTumed  a very  f.ne 
lemon-yellow,  lofing  thereby  about  of  its 
weight. 

Part  of  this  yellow  fubftance  digefted  with 
cauftic  foda  changed  to  a dirty  yellow,  dimi- 
nifhed  in  fubftance,  and  the  undllTolved  refidue 
now  changed  from  a powder  to  a clufter  of 
needled  cryftals.  The  alkaline  liquor  retained 
its  natural  tafte,  but  gave  a copious  black  preci- 
pitate with  hydrofulphuret  of  foda,  fliewing  the 
prefence  of  much  oxyd  of  lead.  The  needled 
cryftals  were  common  muriat  of  lead. 

The  white  fubftance  therefore  left  after  the 
a£Hon  of  muriat  of  foda  on  litharge  was  mu- 
riat of  lead  with  a great  excefs  of  oxyd  (which 
laft  the  foda  dilTolved)  or  in  other  words  a fub- 
muriat  of  lead. 

The  fame  was  alfo  treated  with  weak  nitric 
acid,  which  diflblved  all  the  excefs  of  oxyd 
and  left  a white  cryftalline  muriat  of  lead.  The 
nitric  folution  gave  by  evaporation  cryftals  of 
nitrat  of  lead  mixed  with  fome  muriat. 

Another  portion  of  the  fame  yellow  fubftance 
was  boiled  with  water  but  fcarcely  any  was  dif- 
folved,  which  infolubility  is  therefore  owing  t® 
the  excefs  of  oxyd,  fince  common  muriat  of 
lead  (liflblves  in  about  22  parts  of  hot  water. 

This  fub-muriat  therefore  has  the  following 
properties  ; it  is  infoluble  in  water ; cauftic  al- 
kalies and  nitric  acid  diflTolve  only  the  excefs  of 
oxyd,  and  it  is  alfo  owing  to  this  excefs  that  it 
alTumes  the  yellow  colour  when  heated. 

Muriat  of  lead  however  cannot  be  entirely 
decompofed  by  cauftic  foda,  for  when  thefe  two 
fubftances  are  digefted  together,  fufficient  mu- 
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riatic  acid  always  remains  combined  with  the 
oxyd  of  lead  to  bring  it  to  the  ftate  in  which  it 
is  found  after  the  decompofitlon  of  common 
fait,  that  is,  of  the  fiih-muriat,  which  is  proved 
by  its  becoming  yellow  when  heated,  and  when 
treated  with  nitric  acid,  by  yielding  nitrat  of 
lead,  and  common  muriat  of  lead. 

In  the  above  experiments  a fingular  compli- 
cation of  aiEnities  operates. 

According  to  Vauquelin,  when  the  yellow 
fub-muriat  of  lead  is  treated  with  cauftic  foda, 
cryilallized  muriat  of  lead  and  a folution  of 
fcda  are  produced;  fo  that  this  alkali  has  the 
power  of  abftraiSfing  the  excefs  of  oxyd  from 
the  fub-muriat;  yet  on  the  other  hand,  the 
cryftallized  muriat  is  decompofed  by  foda  into 
the  fub-muriat  and  muriat  of  foda ; and  an 
additional  quantity  of  foda  beyond  w^hat  was 
necelTiiry  to  faturate  the  muriatic  acid,  would 
again  decompofe  the  fub-muriat  formed'by  the 
tirfl  portion,  and  by  uniting  with  its  excefs  of 
oxyd,  would  rellore  what  remained  undecom- 
pofed,  to  the  ftate  of  cryftallized  muriat  of  lead. 

Hence  a large  proportion  of  litharge  Is  requir- 
ed to  decompofe  common  fait,  for  as  cauftic  foda 
is  adfually  produced  in  the  procefs,  it  wmuld  in 
its  turn  readf  upon  the  fub-muriat  of  lead  and 
deprive  it  of  its  excefs  of  oxyd,  unlefs  this 
alkali  had  already  met  with  fulHcient  oxyd  of 
lead  to  faturate  it.  So  that  the  affinities  liere 
acting,  are  thofe  of  muriatic  acid  for  oxyd  of 
lead,  of  muriat  of  lead  for  an  excefs  of  oxyd, 
and  alfo  of  foda  for  oxyd,  and  there  muft 
therefore  be  fufficient  oxyd  to  anfwer  all  thefe 
diftindl;  affinities,  and  fupply  each  of  the  fub- 
ftances  mentioned  with  their  feparate  portion. 

According  to  Vauquelin  alfo,  there  is  a fub- 
nltrat  and  a fub-fulphat  of  lead,  made  alfo  by 
adding  to  the  common  fulphat  and  muriat  a 
fmall  quantity  of  cauftic  alkali,  particularly 
ammonia,  by  which  the  fub-fulphat  or  fub- 
nitrat  is  precipitated. 

Turner’s  Patent  Yellow,  or  the  fub-muriat  of 
lead  made  yellow  by  heating,  is  thus  made 
according  to  the  fpecification  of  the  patent 
take  any  quantity  of  minium,  litharge,  or  calx 
of  lead,  add  half  the  weight  of  common  fait, 
with  water  fufficient  to  dillblve  it,  mix  them  by 
long  trituration,  and  let  them  ftand  together  at 
leaft  for  twenty-four  hours,  by  which  time  the 
lead  will  be  changed  iiito  a good  white,  then  waffi 
out  the  alkali  and  calcine  the  lead  till  it  becomes 
yellow;  which  will  be  of  different  tints  accord- 
ing to  the  continuance  of  calcination  and  degrees 
of  heat.  As  only  tv/ice  as  much  litharge  as 


fait  is  here  employed.  It  is  probable  that  fonte 
of  the  fait  remains  undecompofed. 

The  oxyds  of  lead  readily  decompofe  muriat 
of  ammonia.  If  this  fait  and  minium  are  rub- 
bed together  even  without  heat,  a ftrong  fmell 
of  ammonia  rifes,  and  by  diftillation  properly 
conduffed,  cauftic  ammonia  may  be  prepared  in 
this  way  as  well  as  by  muriated  ammonia  and 
lime.  If  litharge  be  ufed,  fome  carbonat  of 
ammonia  is  alfo  obtained,  and  with  the  white 
carbonat  of  lead  the  entii'e  ammoniacal  product 
is  carbonated.  The  refulue  in  each  cafe  is  muriat 
of  lead,  in  the  form  of  a grey  brilliant  brittle 
mafs. 

Borax  readily  unites  with  all  the  oxyds  of 
lead  by  fufion  into  a fine  foft  yellow  glafs. 

Lead  unites  with  Sulphur  with  great  eafe. 
This  may  be  effected  either  by  adding  fulphur 
to  melted  lead,  or  by  heating  alternate  layers  of 
fulphur  and  lead  clippings  in  a crucible.  The 
proportions  are  of  little  importance,  two  or 
three  parts  of  lead  to  one  of  fulphur  are  gene- 
rally ufed.  The  refult  is  a black  fcaly  powder. 
When  the  mixture  Is  heated  to  a certain  point 
it  takes  fire,  and  the  excefs  of  fulphur  flies  off. 
Sulphuret  of  lead  is  fufible,  but  requires  a red 
heat,  being  lefs  eafily  melted  than  either  of  its 
conftituent  parts. 

When  flowly  cooled  after  fufion,  it  forms  a 
black,  harfti,  brittle  mafs,  readily  cryftalllzing 
in  cubic  facets,  particularly  if  the  fluid  part  of 
the  mafs  is  poured  off  when  the  fides  have  fixed 
by  cooling.  This  artificial  fulphuret  much  re- 
fembles  the  natural  galena  In  appearance. 

Sulphuretted  alkali  a£Is  with  extreme  energy 
on  lead,  diffolving  it  readily  by  fufion. 

All  the  Hydrofulphurets  either  with  or  without 
an  alkaline  or  earthy  bafis  immediately  unite 
with  lead  In  any  liquid  combination,  whether 
diffolved  by  acids  or  alkalies,  or  alkaline  earths, 
and  produce  a very  dark  brown  hydrofulphuret 
which  being  infoluble  flowly  fails  to  the  bottom 
of  the  liquor.  In  this  way  very  minute  portions 
of  lead  are  readily  dete£led  In  wines  and  other 
liquids  that  may  be  fufpefted.  to  contain  this 
dangerous  metal.  Sulphuret  of  potaffi  or  of 
lime  diffolved  in  water  forms  a hydrofulphuret 
very  proper  for  this  purpofe,  or  fulphuretted 
hydrogen  gas  Amply  diffolved  in  water  will 
anfwer  as  well.  But  as  the  falts  of  iron  and 
fome  other  metals  are  equally  blackened  by  this 
teft,  fome  method  of  diftiiuftion  is  advifeable 
when  liquors  are  to  be  examined  with  regard  to 
their  fuppofed  noxious  qualities.  This  is  partly 
effedled  by  adding  a weak  acid,  fuch  as  the  tar- 
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tareous  to  the  fulphuretted  teft,  which  will  re- 
diflblve  the  hydro-fulphuret  of  iron,  but  not  that 
of  lead.  (See  Wine.) 

Phofphorus  eafily  unites  with  lead  according 
to  Pelletier’s  experiments, s by  melting  in  a co- 
vered crucible  a mixture  of  one  ounce  of  vitre- 
ous phofphoric  acid,  one  dram  of  charcoal, 
and  one  ounce  of  lead  clippings. 

The  phofphuret  is  confiderably  malleable, 
and  little  different  from  common  lead  in  ap- 
pearance, but  when  heated  the  phofphorus 
burns  off.  It  readily  tarnifhes  in  the  air.  It 
is  alfo  made  by  projedfing  phofphorus  on  melted 
lead. 

The  fat  oils  dilfolve  the  oxyds  of  lead  with 
great  eafe,  and  undergo  a remarkable  change  in 
the  procefs,  being  thereby  rendered  drying,  or  ca- 
pable of  fpeedily  hardening  into  a firm  varnifh 
when  expofed  to  the  air.  Some  oils,  particularly 
olive  oil,  acquire  at  once  a very  firm  confid- 
ence and  a confiderable  adhefive  property,  when 
gently  warmed.  It  is  in  this  date  the  common 
white  diachylon  plajler.  See  the  articles  Oil 
and  Plaster. 

Lead  is  capable  of  uniting  with  many  other 
metals,  forming  alloys,  fome  of  which  are  of 
ufe  in  the  arts. 

With  antimony  lead  forms  an  alloy  which  is 
brittle,  when  the  latter  exceeds  about  In 
addition  to  what  is  mentioned  under  the  article 
Antimony,  fome  experiments  of  Prof.  Gmelin 
may  be  noticed.’’  The  lead  was  fird  melted 
feparately,  and  when  fufed  a little  fuet  was 
thrown  on  the  furface ; after  which  the  anti- 
mony was  thrown  in,  in  powder,  the  whole 
well  dirred,  and  poured  out  without  lofs  of 
time  into  an  iron  mould.  Equal  parts  of  the 
two  metals  produced  a clofe  alloy  of  lamellar 
texture,  of  confiderable  ludre  in  the  fraiffure, 
and  very  brittle.  Sp.  gr.  7.22.  Two  parts  of 
lead  and  one  of  antimony  gave  a lefs  brilliant 
alloy,  of  a granular  texture,  yielding  a little 
to  the  hammer.  Sp.  gr.  ii.  Three  of  lead 
and  one  of  antimony  gave  an  alloy  of  a duller 
colour,  granular,  and  extending  moderately  un- 
der the  hammer. 

Four  of  lead  and  one  of  antimony  forms,  ac- 
cording to  Rinman  and  other  authors,  the  com- 
mon type-metal  of  the  letter-founders,  though 
fome  add  a little  copper  or  brafs.  This  refembled 
the  lad-mentioned  alloy  in  appearance,  and 
would  not  take  a polifh.  Sp.  gr.  9.571. 

Eight  parts  of  lead  and  one  of  antimony  gave 
an  alloy  very  like  pure  lead,  but  harder  and 
more  fonorous,  and  of  a clofe  granular  texture 
* Memoircs,  tom.  i,  & ii.  **  Comm.  Soc,  Gottin 


like  dee!.  Sp.  gr.  ir.  Twelve  of  lead  aiu 
one  of  antimony  gave  an  alloy  fcarcely  lefs  mal- 
leable than  lead,  and  capable  of  extending  into 
very  thin  leaves. 

Antimony  therefore  is  found  to  harden  lead 
very  confiderably,  and  hence  its  ufe  in  type- 
metal,  and  alio  proba*oly  in  bullets,  where 
greater  hardnels  is  required,  but  it  does  not 
add  materially  to  its  lultre,  except  in  a quantity 
which  totally  dedroys  the  malleability. 

Lead  and  bifmuth  unite  with  great  eafe,  and 
form  alloys  of  remarkable  fufibility,  particularly 
with  a fmall  addition  of  tin,  as  deferibed  under 
the  article  Bifmuth. 

Lead  and  cobalt  unite  but  with  diiTiculty, 
forming  an  unimportant  alloy.  (See  Cobai.t.) 

Lead  alloyed  with  copper  forms  pot-metal. 
(See  Copper.) 

For  the  important  alloy  of  lead  and  tin,  fee 
Tin. 

Lead  and  zinc  do  not  unite  readily  unle/s  by 
particular  management.  Beaume  found  that 
when  fimply  melted  together,  and  cooled  fiowly 
the  lead  fell  to  the  bottom  of  the  crucible,  and 
the  zinc  remained  at  the  top  unmixed.  Befides, 
if  they  are  kept  together  in  fufion  and  repeatedly 
ftirred,  the  zinc  fublimes  off  with  great  rapidity. 
But  Gmelin'  fucceeded  completely  in  alloy- 
ing thefe  metals  by  firft  melting  the  lead,  cover- 
ing it  with  fuet,  then  throwing  in  the  zinc, 
and  as  foon  as  the  latter  appeared  to  be  uni- 
formly mixed  (probably  by  help  of  Birring)  and 
the  blue  zinc-flame  began  to  appear,  removing 
the  crucible,  and  fuddenly  cooling  the  mixture 
by  pouring  it  into  an  iron  fpoon.  Some  of  the 
refults  of  thefe  experiments  we  fliall  mention  : 
Equal  parts  of  lead  and  zirc  gave  a metal  of  a 
lamellated  texture,  fo.dudfile  as  to  bear  ham- 
mering into  a pretty  thin  blade,  harder  than 
lead,  and  very  bright  when  juft  filed.  Sp.  gr. 
7.66. 

Three  of  lead  and  one  of  zinc  gave  an  alloy 
more  leaden  in  appearance,  but  harder,  more 
fonorous,  and  brighter.  Four  of  lead  and  one 
of  zinc  gave  an  alloy  ftill  more  leaden,  but  yet 
fenfibly  harder  and  capable  of  a good  polifh. 
Twelve  parts  of  lead  and  one  of  zinc  ftill  re- 
tained a much  greater  degree  of  hardnefs, 
fonoroufnefs,  and  luftre  on  the  poliftied  furface, 
than  pure  lead.  Sixteen  parts  of  lead  and  one 
of  zinc  fcarcely  differed  from  lead  in  appear- 
ance, but  the  fpecific  gravity  was  lefs,  being 
only  10.617. 

The  affinities  of  the  oxyd  of  lead  to  the  dif- 
ferent acids  are  in  the  following  order.’’  The 
toin.  X.  * Comm.  Gott.  ibid.  ‘‘  Thomfon. 
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fulphuric,  faccholaftic,  oxalic,  arlenic,  tartaric, 
muriatic,  phofphoric,  fulphureous,  febacic,  ni- 
tric, fluoric,  citric,  laftic,  acetic,  boracic, 
prulTic,  and  carbonic  acids. 

. LEAD  (White)  or  (See  the  fore- 

going article.) 

LEAD  (Sugar  of)  or  Acetite  of  Lead.  (See 
the  foregoing  article.) 

LEATHER. 

The  preparation  of  the  fleins  of  animals  for 
the  many  important  purpofes  to  which  they  are 
applied  is  almofl;  exclufively  a chemical  procefs 
in  all  its  branches,  and  as  fuch  will  deferve  a 
general  notice  in  this  place. 

The  art  of  preparing  leather  is  unqueftion- 
ably  one  of  the  mofl  ancient  known,  and  is 
praftifed  in  every  country  on  the  face  of  the 
globe  with  a general  fimilarity  of  method,  the 
refult  of  obvious  reafoning,  and  long  experi- 
ence. 

The  obje£l:s  fulfilled  in  converting  llcin  into 
leather  are  to  prevent  the  deftruftion  by  putre- 
faftion,  which  unprepared  (kin  would  undergo 
(though  flower  than  with  molt  other  parts  of 
animals)  and  to  render  it  ftrong,  tough,  and 
durable,  and  in  fome  inftances  impervious  to 
moillure. 

The  recent  fkin  ftripped  off  an  animal  con- 
fifts  principally  of  the  true  cutis,  or  membran- 
ous texture,  the  chemical  compofition  of  which 
is  gelatin  in  a denfe  flate,  but  ftill  entirely  fo- 
luble  in  water  more  or  lefs  eafily,  according  to 
its  denfity.  This  however  is  penetrated  with 
different  veflels  for  blood,  lymph,  oil,  &c, 
fome  of  the  contents  of  which  muft  of  neceffity 
remain  after  the  death  of  the  animal,  and  is 
covered  on  the  outfide  with  the  infenfible  cuti- 
cle to  which  is  attached  the  exterior  covering 
of  hair,  wool,  fur,  and  the  like.  The  chemical 
compofition  of  the  cuticle  and  its  investing 
hairy  covering,  appears ' to  be  condenfed  albu- 
men, infoluble  in  water,  and  nearly  incapable 
of  itfelf  of  putrefaflion,  but  readily  feparable 
from  the  true  fkin  by  flight  mechanical  violence 
after  the  adhefion  has  been  weakened  by  in- 
cipient fermentation  or  putrefaction,  or  the  che- 
mical action  of  lime,  alkalies,  or  acids. 

The  preliminary  fteps  of  all  the  proceffes  for 
making  leather  confifl  in  feparating  from  the 
cutis  adhering  impurities  and  foreign  matters, 
the  animal  juices  retained  in  its  pore?,  and  the 
cuticle  with  its  hairy  covering,  (except  on  the 
very  feVv  cafes  in  which  the  latter  is  purpofely 
left  on.)  The  true  fkin  being  thus  obtained 
nearly  pure,  and  its  texture  fo  far  opened  as 


readily  to  imbibe  any  fubflance  In  which  It 
is  macerated,  is  then  converted  into  leather  in 
different  methods,  of  which  there  are  two  quite 
diflindb  from  each  other : namely,  that  of  tan- 
ning, or  impregnating  it  with  that  peculiar  ve- 
getable matter  called  tan,  and  taiving,  in  which, 
it  imbibes  alum  and  other  falts,  and  afterwards 
fome  foluble  animal  matter,  fuch  as  the  white 
of  egg,  or  fometimes  blood.  Thefe  two  pro- 
cefl'es  are  alfo  fometimes  combined,  that  is, 
firfl  by  tawing,  and  afterwards  finifhing  with  a 
flight  tanning.  A large  portion  of  the  tanned 
leather  alfo  undergoes  the  further  operation  of 
currying,  or  imbuing  with  oil  of  fome  kind  with 
much  manual  labour,  in  order  to  render  it  fup- 
ple,  flexible,  and  ftill  more  impenetrable  by 
water.  As  familiar  examples  of  each,  the 
thick  fole-leather  of  fhoes  is  tanned ; the  white 
kid  leather,  as  it  is  called,  for  fine  gloves,  is 
taived ; the  upper  leather  for  boots  and  flroes  is 
tanned  znA  curried  ; and  the  fine  Turkey  leather 
is  tawed,  and  afterwards  finiflted  with  a flight 
tanning. 

The  flight  variations  in  the  preparation  of 
different  kinds  of  leather  are  fo  numerous,  that 
only  fome  of  the  leading  proceffes  can  be  here 
defcribed. 

Tanned  leather.  All  flcins  undergo  a con- 
fiderable  preparation  before  they  are  fit  to  re- 
ceive the  tanning  lixivium.  In  moft  parts  of 
England  the  procefs  is  the  following  for  the 
thin  fkins  of  cows,  calves,  and  thofe  that  are 
ufed  for  the  more  flexible  kinds  of  leather,  moft 
of  which  is  afterwards  finifhed  by  currying. 
The  hide  Is  firft  thrown  into  a pit  with  water 
alone  to  free  them  from  loofe  dirt,  blood,  and 
other  impurities.  After  lying  there  for  a day 
or  two  it  is  placed  upon  a folid  half-cylinder  of 
ftone,  called  a beam,  where  it  is  cleared  of  any 
adhering  fat  or  flefh.  It  is  then  thrown  into  a 
pit  containing  lime  and  water,  in  which  it  is 
kept  for  feveral  days  with  frequent  ftirring. 
The  ufe  of  this  is  to  loofen  the  hair  and  cuticle, 
after  which  the  hide  is  again  ftretched  on  the 
beam  and  the  hair  entirely  fcraped  off  with  a 
blunt  knife  made  for  the  purpofe.  The  hide 
being  well  freed  from  the  lime  is  then  put  into 
a pit  called  the  ma/lering-fit,  which  is  a bath 
compofed  of  water  and  the  dung  of  fome  ani- 
mal, generally  hens  or  pigeons,  or  dogs,  or, 
where  it  can  be  had,  of  fea-fowl,  diffufed 
through  the  water.  The  dung  of  horfes  or 
cows  will  not  anfwer,  not  being  fufficiently 
putrefcent.  Here  the  hide  remains  for  fome 
days,  more  or  lefs,  according  to  its  texture. 
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and  from  being  hard  and  thick  fthe  effect  of 
the  lime-water)  it  becomes  very  foft  and  fup- 
ple.  Where  the  hide  is  very  thin  and  fine, 
extreme  care  is  requifite  in  regulating  this  part 
of  the  procefs,  for  the  putrefeent  dung  is  found 
fo  powerful  an  agent,  that  if  the  ficin  is  kept  in 
it  only  a few  hours  too  long  its  texture  is  irre- 
coverably deftroyed,  and  it*  is  reduced  to  a ge- 
latinous mafs,  which  pulls  to  pieces  with  the 
flighteft  force.  The  hide  is  then  thoroughly 
cleaned  on  the  beam,  and  is  fit  for  tanning. 

The  large  thick  ox  or  boar’s  hides  intended 
for  the  toughed  fole-leather,  or  where  a very 
llrong  leather  is  required,  are  prepared  in  a 
different  way.  Being  fir  ft  cleaned  in  water, 
they  are  fometimes  rolled  up  in  heaps  and  put 
into  a warm’  place  where  they  fpeedily  begin  to 
putrify.  The  hair  is  then  loofened,  and  may  be 
feraped  off  fometimes  with,  and  at  other  times 
without,  the  procefs  of  liming.  The  reafon 
why  the  liming  is  generally  omitted  is  that  the 
lime,  if  retained  in  the  Ikin,  renders  it  too 
hard  and  liable  to  crack,  and  it  is  not  fo  eafy 
to  wafli  it  out  from  thefe  as  from  the  thinner 
hides.  But  on  account  of  the  thicknefs  of  the 
hide  and  the  clofenefs  of  its  texture  it  is  not 
fitted  to  receive  the  tan  liquor  till  its  pores  are 
more  completely  opened,  and  this  is  ufually 
done  by  iramerfing  it  for  feveral  days  in  a vat 
containing  a four  liquor,  an  impure  acetous 
acid,  formed  from  rye  or  barley  flour  ftrongly 
fermented.  The  acid  generated  in  the  procefs 
feems  to  be  a principal  agent  in  opening  the 
texture  of  the  flein,  but  this  is  doubtlefs  aflifted 
by  the  continuance  of  the  fermentation,  of 
which  the  flein  itfelf  partakes.  This  procefs  is 
called  raifing,  and  it  always  immediately  pre- 
cedes that  of  tanning.  Here  alfo  much  care  is 
required  not  to  w’eaken  the  texture  of  the  ikin 
too  much,  for  if  kept  too  long  in  this  procefs 
it  would  be  corroded  and  fpoiled.  The  hide 
comes  out  of  this  bath  confiderably  fwelled  and 
foftened . 

Inftead  of  this  part  of  the  :procefs,  which  is 
often  difficult  to  manage  properly  on  account 
of  the  efteft  of  the  weather  and  other  external 
caufes  on  the  neceflary  fermentation.  Dr.  Mac- 
bride  has  propofed  the  ufe  of  fuiphuric  acid 
extremely  diluted,  and  this  appears  now  to  be 
pretty  generally  adopted.  TJte  proportions 
employed  are  about  a wine  pint  of  oil  of  vitriol 
to  fifty  gallons  of  water.  Though  the  vitriolic 
bath  is  found  to  have  as  good,  an  effecT:  as  the 
rye  and  barley  fourings  in  preparing  the  hides 
for  the  tan,  the  action  of  the  two  fubftaneC's 


feems  to  be  confiderably  different.  In  the  lat- 
ter the  acetous  acid  is  doubtlefs  the  chief  agenf, 
but  the  fermentation  ftill  continues  as  is  proved 
by  the  readinefs  with  which  the  Ikins  are 
rotted  if  this  is  loo  high  or  too  long  continued. 
The  (kin  alfo  after  raifiilg  in  this  way  is  thick- 
ened and  foftened.  But  the  vitriolic  bath  is. 
incompatible  with  any  fermentation,  and  moil 
powerfully  checks  this  procefs,  and  hence  the 
fkin  is  not  readily  fpoiled  by  very  long  iir.mer- 
fion,  and  it  comes  out  thickened  and  hardened. 
It  fliould  feem  however  that  each  method  an- 
fvvers  perfedlly  well. 

The  next  procefs  is  that  of  tannings  which 
is  efi'entially  the  fame  for  all  (kins,  however 
previoufly  prepared,  and  is  founded  on  the  fol- 
lowing chemical  fa£ls.  A great  variety  of  vege- 
table fubftances,  that  is  all  thofethat  give  an  af- 
tringent  tafte  when  chewed  (fuch  as  the  bark  of 
oak,  willow,  alder,  and  many  other  trees,  the 
gall-nut,  tea-leaves,  &c.  See.)  when  macerated 
in  water,  hot  or  cold,  yield  to  this  menftruum 
a fubftance  eminently  aftringent,  of  a greyilh- 
white  when  pure,  which  is  called  tannin  or  tan^ 
whofe  properties  will  be  more  fully  deferibed 
under  that  article.  When  any  kind  of  (kin  is 
foaked  in  an  infufion  of  tan  it  gradually  abforbs 
it  or  extra£ls  it  from  the  water  in  which  the 
tan  is  diffolved,  and  the  (kin  thereby  becomes 
of  a firmer  texture,  fenfibly  heavier,  no  longer 
capable  of  putrefa£tion  or  any  fpontaneous 
change,  lefs  eafily  pervious  to  water,  and  no 
longer  foluble  in  this  fluid  even  at  a boiling  heat, 
which  all  untanned  (kin  is,  whatever  be  its 
previous  preparation.  The  art  of  tanning 
therefore  eflentially  confifts  In  nothing  more 
than  immerfing  flein  for  a fufficient  length  of 
time  in  an  infufion  of  tan  from  vegetable  bark 
or  other  fources  till  it  is  completely  faturated 
with  this  principle.  Hence  the  art  of  preferv- 
ing  the  hides  of  animals  by  this  paethod  is  one 
of  the  moft  antient  and  univerfal  of  all  manu- 
fadlures,  no  apparatus  whatever  being  required 
to  perform  it,  except  a pit  or  hole  of  water  in 
which  the  tanning  vegetable  may  be  put,  and 
the  (kin  thrown  in  along  with  it.  And  even  in 
the  moft  careful  and  improved  methods  of 
tanning,  almoft  equal  fimplicity  is  obferved  in 
the  operation,  except  that  feme  art  is  ufed  in 
regulating  the  ftrength  of  the  tan-infufion,  and 
fome  little  manipulation  in  ftirring  the  hides  to 
give  every  part  an  opportunity  of  being  tho- 
roughly and  equally  foaked. 

The  fubftance  ufed  for  tanning  in  this  coun- 
try is  almoft  invariably  oak-bark.  The  timber 
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being  felled  in  Ipring  (when  the  fap  has  rifen) 
the  bark  is  ftripped  off  and  piled  in  large  ftacks, 
protected  from  the  wet  by  a fhed,  but  open  at 
the  fides  to  admit  a free  circulation  of  air 
through  it.  The  bark  before  ufing  is  ground 
into  coarfe  powder,  and  is  thrown  into  pits  with 
water,  by  which  an  infufion  of  the  tan  and 
other  foluble  parts  is  made,  which  is  called 
technically  ooze.  The  hides  previoufly  prepared 
in  one  or  other  of  the  ways  above  mentioned 
are  then  put  firft  into  fmall  pits  with  a very 
weak  ooze,  where  they  are  allowed  to  macerate 
for  fome  weeks  with  frequent  ftirring  or  harid- 
ling  as  it  is  called.  The  llrength  of  the  diffe- 
rent oozes  is  increafed  gradually,  after  which 
the  half-tanned  hides  (if  of  the  thick  kind  in- 
tended for  fole-leather,  and  which  require  very 
complete  tanning)  are  put  into  larger  pits  with 
alternate  layers  of  ground  bark,  in  fubftance, 
till  the  pit  is  filled,  over  which  a heading  of 
bark  is  alfo  laid,  and  the  interftices  filled  up 
with  a weak  ooze  to  the  brim.  The  hides  thus 
are  expofed  to  the  full  adfion  of  an  ooze  nearly 
faturated  with  tan,  and  fupplied  with  more  of 
this  principle  from  the  bark  in  fubftance,  in 
proportion  as  the  fldn  abforbs  that  portion 
already  diffolved,  till  the  tanning  is  judged  to 
be  complete.  This  for  the  heavieft  kind  of  lea- 
ther requires  never  lefs  than  fifteen  months. 
Skin  is  known  to  be  fully  tanned  by  cutting  a 
fmall  piece  off  the  edge  of  the  hide,  and  obferv- 
jng  the  change  of  colour.  As  far  as  the  tan 
has  fully  penetrated,  the  colour  is  of  a nutmeg- 
brown,  but  the  reft  is  white  j and  therefore 
before  the  procefs  is  complete  the  upper  and 
under  fides  are  brown,  and  a white  line  or 
ftreak  is  feen  in  the  middle. 

Laftly,  when  fully  tanned  the  hide  is  taken 
out  to  drain,  and  ftretched  upon  a convex 
piece  of  wood  called  a horfe^  on  which  it  is 
thoroughly  fmoothed,  and  beaten  with  a heavy 
fteel  pin,  or  fometimes  paffed  between  iron 
cylinders,  to  make  it  more  folid,  and  at  the 
fame  time  lupple,  after  which  it  is  taken  to  the 
drying-houfe,  a covered  building  with  apertures 
for  the  free  admiffion  of  air,  where  it  remains 
till  perfedfly  dry. 

The  common  calves-lkins  require  for  the 
whole  procefs  of  converfion  into  leather  in  this 
way  from  two  to  four  months,  the  thick  fole- 
leather  hides  from  fifteen  to  eighteen  or  twenty 
months,  and  a boar’s  fliield  can  hardly  be 
finifhed  in  lefs  than  two  years.  Leather  gains 
in  weight  and  improves  in  quality  the  longer 
it  is  fuffered  to  remain  in  the  ooze  (within  cer- 


tain limits),  and,  as  it  is  fold  by  weight,  this  Is 
alfo  fometimes  an  obje£f  to  the  tanners,  though 
counterbalanced  to  a great  degree  by  the  length 
of  time  that  muft  elapfe  before  his  capital  is 
returned. 

The  art  Is  indebted  to  M.  Seguin,  a tanner 
of  extenfive  bufinefs  in  France,  for  the  firft 
accurate  explanation  of  the  rationale  of  the 
procefs  of  tanning.  According  to  the  ancient 
idea  of  this  procefs  the  effedl  of  the  infufion  of 
aftrijigent  vegetables  was  fuppofed  to  be  little 
elfe  than  mechanical,  and  that  it  aefted  in  con- 
Jlringing  or  condenftng  the  fibres  of  the  dead 
Ikin,  as  it  corrugates  the  fldn  of  the  palate 
when  tailed,  and  hence  rendered  it  nearly  im- 
pervious to  moifture  and  unfufceptible  of  pu- 
trefa£lion.  This  explanation  however  did  not 
accord  with  the  a£lual  increafe  of  weight  which 
the  fldn  acquires  by  tanning,  and  which 
amounts  on  an  average  to  an  increafe  of  from 
one-third  to  one-fourth  of  the  weight  of  the 
flein  when  dry.  M.  Seguin,  reafoning  from 
the  circumftance  that  fldn  before  tanning  is 
completely  refolved  by  water  into  a liquid  jelly, 
but  is  inlbluble  after  tanning,  was  led  to  the 
Ample  experiment  of  adding  a folution  of  fldn 
(or  glue)  to  an  infufion  of  oak-bark,  and  found 
an  immediate  precipitate  of  a thick  tough  ex- 
fenfible  dun-white  matter,  ftrongly  fmelling  of 
tan,  and  infoluble  in  water  at  any  heat,  and 
which  when  dry  becomes  of  a dark-brown  co- 
lour and  brittle. 

This  precipitate  is  an  intimate  combination 
of  gelatin  with  that  part  of  the  vegetable  infu- 
fion which  gives  the  tanning  property,  and  be- 
ing altogether  a peculiar  fubftance  is  denomi- 
nated tannin  or  tan.,  whofe  properties  will  be 
more  fully  defcribed  under  that  article.  This 
precipitate  therefore  hardly  differs  from  tanned 
leather  in  any  thing  but  in  wanting  the  fibrous 
organized  texture,  and  what  other  principles 
the  fldn  may  have  abfoi’bed  from  the  bark- 
infufion  during  the  maceration  of  feveral 
months,  which  a fudden  ■ precipitation  would 
not  effedl.  Tanning  therelore  confifts  chiefly 
in  a flow  and  moft  intimate  combination  of  ve- 
getable tan,  with  the  fibre  of  the  fldn,  which 
continues  till  the  latter  is  faturated  through  its 
whole  thicknefs. 

But  oak-bark  contains  other  foluble  matter, 
which  certainly  alfo  enters  the  texture  of  the 
fldn  along  with  the  tan,  and  moft  intimately 
combines  with  it,  for  fldn,  when  it  has  under- 
gone the  previous  preparation  already  men- 
tioned, appears  to  be  able  to  abforb,  and  when 
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abforbed  to  retain  a great  variety  of  vegetable 
and  animal  fubftances.  The  infufion  of  oak- 
bark  contains,  befides  tan,  the  gallic  acid  and 
an  extradfive  matter,  all  of  which  contribute 
to  the  procefs,  and  form  a part  of  the  tanned 
leather.  That  the  gallic  acid  is  abforbed  is 
proved  by  the  inflant  blacknefs  which  the  lea- 
ther aflumes  when  merely  rubbed  with  a folu- 
tion  of  any  fait  of  iron.  The  extradf  appears 
to  be  that  which  gives  the  leather  its  colour, 
and  fome  degree  of  flexibility,  and  from  the 
excellent  obfervations  of  Mr.  Davy  on  the  pro- 
cefs of  tanning®  it  feems  probable  that  the 
quantity  of  tan  abforbed  is  a good  deal  regu- 
lated by  the  quantity  of  extradf  prefent,  being 
in  general  (the  time  of  immerfion  and  ftrength 
of  the  tan-infufion  being  nearly  equal)  in  inverfe 
proportion  to  the  quantity  of  extradl  or  of  mu- 
cilage prefent  in  the  infufion.  This  is  found 
by  comparing  the  adfual  weight  acquired  by 
leather,  by  quick  tanning  in  infufions  of  differ- 
ent tanning  materials,  the  compofition  of  which 
has  been  previoufly  afcertained  by  chemical 
analyfis.  The  difficulty  in  experiments  of  this 
kind  of  obtaining  tolerable  accuracy  is  however 
very  great,  much  greater  than  in  the  analyfis 
of  metals  or  minerals,  on  account  of  the  great 
want  of  charadferiflic  marks  of  diftindlion  be- 
tween vegetable  matters,  when  a little  changed 
by  cheniical  union  with  other  bodies,  and  the 
readinefs  with  which  their  charadters  are  irre- 
vocably lofl  by  the  common  adtion  of  re-agents. 

The  ftrength  of  the  tanning  infufion  alfo 
moft  materially  affedfs  the  quality  of  the  leather 
and  the  weight  which  the  fkin  gains  during  the 
procefs.  As  tan  is  more  foluble  than  extradf, 
a folution  made  haftily,  and  with  a large  por- 
tion of  the  material,  will  be  nearly  faturated 
with  tan,  and  contain  comparatively  but  little 
extradf  j and  on  the  other  hand  the  refidue  of 
the  above  infufion,  macerated  for  a longer  time 
in  frefh  water,  will  give  a folution  in  which 
there  is  but  little  tan,  but  a large  quantity  of 
extract.  Now  it  would  feem  that  fkin  has  the 
power  of  fixing  a larger  quantity  of  tan  than  of 
any  other  material,  particularly  than  of  extradf, 
fo  that  if  already  nearly  faturated  with  extradf, 
it  will  of  courfe  abforb  much  lefs  tan  than  be- 
fore, and  therefore  the  entire  increafe  of  weight 
will  be  much  lefs  in  this  way  than  with  tan 
alone.  The  quality  alfo  of  the  leather  will  of 
courfe  be  probably  different  when  compounded 
of  fkin  and  tan  with  very  little  other  ingredients 
than  when  it  is  a compound  of  fkin  and  tan 
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with  a larger  portion  of  extradl ; and  in  particu- 
lar the  former  feems  to  be  more  brittle  and  lefs 
urable  than  the  latter,  as  far  as  expenments  have 
hitherto  been  made.  The  mere  du/ration  of  the 
procefs  alfo,  as  regulated  folelyby  the  ftrength 
of  the  infufion,  that  is  where  precifely  the  fame 
infufion  is  ufed,  but  more  or  lefs  diluted,  may 
probably  confiderably  affedl;  the  quality  of  the 
leather,  for  when  the  procefs  goes  on  very 
rapidly  it  is  poffible  that  the  outer  part  of  the 
fkin  may  be  tanned  ftrongly  before  the  inner 
part  is  penetrated  with  the  liquor,  and  as  tanning 
gives  a clofenefs  of  texture  and  difficult  permea- 
bility to  liquids  it  may  happen  that  this  very 
circumftance  may  prevent  that  uniformity  of 
faturation  with  tan  which  w'ould  feem  defirable. 

The  precipitate  made  by  a folution  of  gelatin 
dropped  into  an  infufion  of  any  tanning  vege- 
table matter  appeared  by  Mr.Davy’s  experiments 
to  be  tolerably  uniform  in  its  compofition  what- 
ever be  the  other  conftituents  of  the  vegetable 
infufion.  Thus  when  galls  were  ufed  the  precipi- 
tate contained  about  46  of  tan  and  54  of  gelatin, 
with  catechu  it  contained  41  per  cent,  of  tan, 
with  oak  bark  41  per  cent,  and  wdth  the  Leicef- 
ter  willow  43.  But  real  fkin  will  never  acquire 
fuch  an  increafe  of  weight  as  the  folution  of 
gelatin  either  becaufe  other  fubftances  enter  the 
compofition  of  leather,  or  becaufe  the  texture 
of  the  fkin  will  not  allow  it  to  condenfe  and  che- 
mically unite  with  fo  much  tan  as  the  fame  fkin 
when  diflblved  in  the  form  of  glue,  for  glue  (as 
mentioned  under  the  article  Gelatin)  is  only  a 
folution  of  the  refufe  part  of  fkin.  Thus  it  was 
found  that  a piece  of  fkin  compleatly  tanned  by 
threeweek’s  immerfion  in  a ftronginfufion  ofgalJs 
only  gained  weight  in  the  proportion  of  39  to 
61  of  fkin;  and  this  was  even  the  greateft  increafe 
of  weight  obferved,  (being  much  more  than  that 
of  common  leather,)  and  in  confequence  made 
a much  harder  and  more  brittle  leather. 

With  regard  to  the  efFedb  produced  by  the 
time  of  immerfion,  it  was  found  in  different  ex- 
periments that  fkin  apparently  equally  well 
tanned  in  each  cafe,  abforbed  much  more  tan  by 
rapid  than  by  flow  tanning  : 100  parts  of  leather 
prepared  in  2 weeks,  containing  73  of  fkin  and 
27  of  tan  and  other  materials  abforbed  from  the 
oak  bark  infufion,  and  the  fame  quantity  of 
leather  prepared  in  12  weeks  (the  infufion  being 
proportionably  weaker)  containing  85  of  fkin 
and  15  of  tan  and  other  vegetable  matter.  A 
fimilar  difference  was  found  when  infufion  of 
willow  bark  was  employed. 
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The  fuppofecl  improvement  in  the  prccefs  of 
tanning  pra£lifed  and  adfually  propofed  by  hi. 
Seguin  may  here  be  fliortly  mentioned.  This 
ingenious  artift  wifhing  to  abridge  the  enormous 
time  employed  in  common  tanning  (and  confe- 
quent  expence}  and  confidering  the  tan  as  nearly 
the  only  a£tive  principle  in  this  procefs,  adopted 
the  plan  of  ufmg  folutions  of  tan,  inftead  of  . the 
mixture  of  bark  and  ooze  ufually  employed,  and 
of  feveral  and  known  degrees  of  ftrength  in 
which  the  Ikin  might  be  rapidly  pafled  from  the 
weakeft  to  the  ftrongeft  by  a more  regulated  gra- 
dation than  is  ufually  done.  For  this  purpofe 
he  had  a feries  of  vats  containing  the  oak- 
bark,  and  began  by  pouring  water  on  one  of 
them,  and  after  a fhort  time  drawing  it  off 
clear  through  a hole  at  the  bottom.  This  firft 
ooze  was  then  poured  on  the  bark  of  the  fecond 
vat,  and  drawn  olF  as  before,  by  which  it  became 
fenfibly  ftronger  of  tan.  This  liquor  again  was 
ufed  to  the  third  vat,  and  again  to  a fourth,  ac- 
cording to  the  number,  till  it  became  quite 
faturated  with  tan.  In  the  mean  time  frefa 
water  was  poured  on  the  bark  of  the  different 
vats  in  the  fame  order,  which  produced  a fecond 
ooze  fUll  very  flrong  but  inferior  to  the  firft  : 
and  thus  three  or  four  or  more  difl'erent  oozes 
were  obtained,  all  differing  in  ftrength,  and 
which  was  the  tanning  liquor  employed.  The 
fklns  then  being  previoufly  prepared  in  the  way 
already  defcribed,  were  paffed  fucceffively 
through  the  different  oozes,  beginning  with  the 
v/eakeft  and  afcending  to  the  ftrongeft  till  they 
were  compleatly  tanned,  which  was  known  by 
the  difappearance  of  the  white  line  in  the  middle 
of  the  fkin  when  cut  through. 

It  appears  beyond  a doubt  that  the  procefs  of 
tanning  is  moft  materially  fliortened  by  this 
method  of  hi.  Seguin,  and  that  very  perfedl 
leather  is  produced,  but  though  now  known  for 
feveral  years  it  does  not  appear  to  be  adopted  to 
any  extent  in  this  country,  where  leather  is  ma- 
nufaftured  In  vaft  quantities  both  for  home 
confuinption  and  for  exportation  to  many  parts 
of  Europe,  in  which  Engliflr  leather  Is  in  the 
higheft  repute.  From  the  way  in  whieh  the 
oozes  are  made,  according  to  M.  Seguin,  they 
muft  of  neceffity  contain  much  more  tan  in  pro- 
portion to  the  extradt  and  other  vegetable  matter 
than  where  the  bark  itfelf  is  fuffered  to  remain  in 
fubftance  along  with  the  ooze  and  fkin  for  many 
months,  as  the  tan  is  much  the  moft  foluble 
of  all  the  fubftances  that  are  to  be  ex  trail- 
ed by  water,  fo  that  bark  may  readily  be  exhauft- 
ed  of  tan,  long  before  the  extracl,  rcfin,  gallic 
acid,  and  other  materials  are  got  out.  It  is  faid 


that  the  leather  prepared  In  this  new  metliod  is 
lefs  durable  and  more  brittle  than  in  the  old  way. 

'1  he  only  real  improvement  of  late  adopted 
In  this  part  of  the  procefs  is  to  ufe  fome  of  the 
oozes  w^arm  by  which  the  fkin  is  fooner  pene- 
trated with  the  ooze,  and  a faving  of  time  made 
of  fome  confequence. 

Dr.  Macbride  propofes  lime-water  to  be  ufed 
Inftead  of  common  water  for  the  extradlion  of 
the  tan  from  the  oak -bark,  but  this  feems  to  be 
mifchievous,  as  the  only  affignable  effeft  of  the 
lime  would  be  to  contraG  a firm  union  with  a 
portion  of  the  gallic  acid  and  the  tan,  the  refult 
of  which  would  be  an  infoluble  calcareous  fubr 
ftance  utterly  unfit  for  any  purpofes  of  tanning. 

Of  Tawing,  Leather-drejftng  and  dyeing,  and 
other  procejfes. 

The  drefling  and  preparing  of  the  fkins  of 
lambs,  fbeep,  goats,  and  other  thin  hides,  though 
in  many  particulars  clofely  refembling  the 
method  ufed  w'lth  the  thick  cow  and  ox  hides, 
forms  ufually  a totally  dlftimft  branch  of  bufi- 
nefs,  and  is  one  in  which  a good  deal  of  prafHcal 
fkill  and  nicety  of  manipulation  is  required  to 
fucceed  perfctlly.  The  proceffes  are  very 
various  according  to  the  article  required,  and 
this  branch  of  the  manufadure  fupplies  the 
immenfe  demand  of  wliite  and  dyed  leather  for 
gloves,  the  (fo  called)  morocco  leather  of  differ- 
ent colours  and  qualities  for  coach  linings, 
book-binding,  pocket-books,  and  thin  leather  for 
an  infinite  number  of  fmaller  purpofes.  Of 
thefe  the  white  leather  alone  is  not  tanned  but 
finiflied  by  the  procefs  of  tawing,  but  the 
coloured  leather  receives  always  a tanning  (ge- 
nerally by  fumach)  independent  of  the  other 
dyeing  materials.  The  pi'evious  preparation  of 
each,  or  that  in  which  the  flein  is  thoroughly 
cleanfed  and  reduced  to  the  ftate  of  fimple 
membrane  in  w'hich  it  is  called  pelt,  is  cffentially 
the  fame  whether  for  tawing  or  dyeing.  It  is 
thus  performed  at  the  beft  manufadories  at 
Bermcndfey,  near  .London,  a place  long  ccle-> 
brated  for  all  branches  of  the  leatlj^r  bufinefs. 

By  far  the  greater  number  of  the  fkins  are 
imported : if  lambs  they  are  thus  prepared ; 
the  fkins* are  firft  foaked  for  a time  in  water,  to 
clijanfe  them  from  any  loofe  dirt  and  blood,  and 
put  upon  the  beam  commonly  ufed  for  the  pur- 
pofe, which  is  a half  cylinder  of  wood  covered 
with  flrong  leather,  and  scraped  on  the  flefh 
fide  w'ith  the  femicircular  blunt  knife  wdth  two 
handles  ufed  in  this  operation.  They  are  then 
hung  up  in  confulerable  numbers  in  a fmall  clofc 
room  heated  by  flues,  where  they  remaiu  to 
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putrefy  for  a given  time,  as  is  eafily  perceived 
by  the  ftrong  ammoniacal  odour  v\liich  ilTues 
from  them  when  tlie  door  is  opened.  During 
this  procefs  a thick  filthy  fiime  works  up  to  the 
furface  of  the  (kin,  by  which  the  regularity  of 
tlie  procefs  is  judged  of;  and  the  wool  is  loofen- 
ed  fo  that  it  readily  comes  off  with  a flight 
pull.  Each  fkin  is  then  returned  to  the  beam, 
the  wool  taken  off  and  preferved,  and  all  the 
flime  worked  off  with  the  knife,  and  the  rough 
edges  pared  aWay.  The  fkin  is  then  put  Into  a 
pit  filled  with  lime  water  and  kept  there  from 
two  to  fix  weeks  more  or  lefs  according  to  the 
nature  of  the  fkin,  which  has  the  effedf  of  check- 
ing the  further  putrefa£Hbn,  and  produces  a very 
remarkable  hardening  and  thickening  of  its  fub- 
flance,  and  probably  alfo  it  detaches  a further 
portion  of  the  flime.  The  fkin  is  again  well  work- 
ed upon  the  beam,  and  much  of  its  fubflance 
pared  down,  and  all  inequalities  fmoothed  with 
the  knife.  Much  pains  and  judgment  are  requir- 
ed in  thefe  operations  on  the  one  hand  not  to  en- 
danger the  fubflance  of  the  fkin  by  the  putre- 
fa£lion  (which  if  carried  on  too  long  would 
foon  reduce  it  to  an  incohefive  pulp)  and  on  the 
other  hand  to  work  out  every  particle  of  the 
fiime,  the  leafl  of  which  if  retained  will  prevent 
the  fkin  from  dreffing  well  in  the  fubfequent 
proceffes,  and  from  taking  the  dye  uniformly 
and  well.  The  fkin  is  then  again  foftened  and 
freed  from  the  lime  by  being  thrown  into  a vat 
of  bran  and  water,  and  kept  there  for  fome 
weeks  in  a flate  of  gentle  fermentation,  being 
occafionally  returned  to  the  beam.  All  the 
thickening  produced  by  the  lime  is  thus 
removed,  and  the  fkin  is  now  as  highly  purified 
as  pofTible,  and  Is  a thin  extenfible  white  mem- 
brane called  In  this  flate  a pelty  and  is  now  fit 
for  any  fubfequent  operation  of  tawing  or  dye- 
ing, or  oil  dreffing,  or  fhammoying. 

The  method  of  bringing  kid  and  goat’s  flcins 
to  the  flate  of  pelt  is  nearly  the  fame  as  for 
lambs,  except  that  the  liming  is  ufed  before  the 
hair  is  taken  off,  the  hair  being  of  no  great 
importance,  and  only  fold  to  the  plaiftercrs,  but 
the  lamb’s'  wool,  which  is  more  valuable, 
would  be  injured  by  the  lime.  Kids’  fkins  will 
take  a longer  time  in  tanning  than  lambs’. 

If  the  pelts  are  to  be  tawed  they  aYe  then  put 
into  a folution  of  alum  and  fait  in  warm  water, 
in  the  proportion  of  about  three  pounds  of  alum 
and  four  pounds  of  fait  to  every  1 20  middle-fized 
{kins,  and  worked  about  therein  till  they  have 
abforbed  a fufficient  quantity.  This  again  gives 
the  fkin  a remarkable  degree  of  thick^nefs  and 
toughnefs. 


The  fkins  are  then  taken  out  and  waflied  in 
water,  and  then  again  put  into  a vat  of  bran 
and  water  and  allowed  to  ferment  for  a time, 
till  much  of  the  alum  and  fait  is  got  out  and 
the  unufual  thickening  produced  by  it  is  for 
the  mofl  part  reduced.  They  are  then  taken 
to  a lofty  room  with  a flove  in  the  middle,  and 
flretched  on  hooks  and  kept  there  till  fully  dry. 
The  fkins  are  then  convertetl  into  a tough,  flexi- 
ble, and  quite  white  leather,  but  to  give  them 
a gloify  finiflr,  and  to  take  off  the  harihnefs  of 
feel  fhill  remaining,  they  are  again  foaked  in 
water  to  extrahl  more  of  the  fait,  and  put  into 
a large  pail  containing  the  yolks  of  eggs  beat 
up  with  water.  Here  the  fkins  are  trodden  for 
a long  time,  by  which  they  fo  completely  im- 
bibe the  fubflance  of  the  egg  that  the  liquor 
above  them  is  rendered  almofl  pcrfe£lly  limpid, 
after  which  they  are  hung  up  in  a loft  to  diy 
and  'finifhed  by  gloffing  with  a warm  iron. 
There  are  other  fmaller  manipulations,  which 
need  not  be  here  mentioned. 

The  eflential  difference  therefore  between 
tanning  and  tawing  is,  that  in  the  former  cafe 
tire  pelt  is  combined  with  tan  and  other  vegeta- 
ble matter,  and  in  the  latter  with  fomething 
that  it  imbibes  from  the  alum  and  fait  (poffibly 
alumine)  and  which  certainly  is  never  again  ex- 
tra£led  by  the  fubfequent  wafliing  and  branning. 

The  (fo  called)  Morocco  leather,  prepared 
from  fiieep-fkins  chiefly,  and  ufed  fo  largely  for 
coach-linings,  pocket-books,  and  the  befl  kind 
of  book-binding,  is  thus  made.  The  fkin, 
cleanfed  and  worke4  in  the  way  already  de- 
feribed,  is  taken  from  the  lime-water,  and  the 
thickening  thereby  occafioned  is  brought  down, 
not  by  bran  liquor  as  in  tawing,  but  by  a bath 
of  dogs’  or  pigeons’  dung  diffufed  in  water, 
where  it  remains  till  fufficiently  fuppled,  and 
till  the  lime  is  quite  got  out  and  it  becomes  a 
perfeclly  white  clean  pelt.  If  intended  to  be 
dyed  red  it  is  then  fewed  up  very  tight  in  the 
form  of  a fack  with  the  grain  fide  outwards 
(the  dye  only  being  required  on  this  fide)  and 
is  immerfed  in  a cochineal  bath  of  a warmth 
jufl  equal  to  vTat  the  hand  can  fupport,  and  is 
worked  about  for  a fufficient  time  till  it  is  uni- 
formly dyed,  a procefs  that  demands  much  fldll 
and  experience.  The  fack  is  then  put  Into  a large 
vat  containing  fumach  infufed  in  warm  water, 
and  kept  for  fome  hours  till  it  is  fufficiently 
tanned. 

The  fkins  intended  to  be  blacked  are  merely 
fumached  without  any  previous  dyeing.  After 
fome  further  preparation  the  colour  of  the  fine 
fed  fkins  being  finifhed  with  a weak  bath  of 
£ 21 
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faffron,  the  fkins  when  dry  are  grained  and 
poliflied  in  the  following  way.  They  are 
ftretched  very  tight  upon  a fmooth  inclined 
board,  and  rubbed  over  with  a little  oil  to  fup- 
ple  them.  Thofe  intended  for  black  leather 
are  previoufly  rubbed  over  with  an  iron  liquor, 
by  means  of  a ftilF  brufli,  which,  uniting  Muth 
the  gallic  acid  of  the  fumach,  inftantly  Itrikes 
a deep  and  uniform  black.  They  are  then 
rubbed  by  hand  with  a ball  of  glafs  cut  into  a 
polygonal  furface,  with  much  manual  labour, 
which  poliflies  them  and  makes  them  very  firm 
and  compaft.  Laftly,  the  graining  or  ribbed  fur- 
face  by  which  this  kind  of  leather  is  diftin- 
guilhed  is  given  by  rubbing  the  leather  very 
ftrongly  with  a ball  of  box-wood,  round  the 
centre  of  which  a number  of  fmall  equidiftant 
parallel  grooves  are  cut  in,  forming  an  equal 
number  of  narrow  ridges,  the  fridHon  of  which 
gives  the  leather  the  defired  inequality  of  fur- 
face. 

The  common  mode  of  currying  leather  for 
(hoes,  boots,  icc.  confifts  in  firft  foftening  the 
hides  as  they  come  from  the  tan-pit,  partly  by 
foaking  in  water,  partly  by  mechanical  means, 
and  then  impregnating  it  with  fome  kind  of  oil, 
by  which  means  it  is  rendered  much  more 
impervious  by  moifture,  and  proper  to  proteft 
the  feet  from  the  inclemency  of  the  feafons. 
The  procefs  in  a few  words  is  the  following : 
the  hide  is  firft  foaked  thoroughly  in  water, 
then  placed  on  a poliflied  wooden  beam  with 
the  flefti  fide  outwards,  and  pared  with  a broad 
fharp  knife  till  all  the  inequalities  are  removed 
and  it  is  reduced  to  the  required  thinnefs.  It  is 
then  again  waftied  and  rubbed  with  a poliflied 
ftone,  and  while  ftill  wet  it  is  befmeared  with 
curriers  oil,  generally  fifli-oil,  or  a mixture  of 
this  and  tallow.  When  hung  up  to  dry  the 
moifture  evaporates,  and  the  oil,  which  cannot 
be  diflipated  by  mere  expofure,  gradually  takes 
the  place  of  the  moifture,  and  penetrates  deeply 
into  the  pores  of  the  leather.  It  is  then  dried 
either  in  the  fun  or  in  a ftoved  room. 

Blackening  the  leather  is  alfo  a part  of  the 
curriers  bufinefs,  which  is  done  on  the  grain 
fide,  fimply  by  rubbing  with  an  iron  liquor,  but 
on  the  fiefh  fide  with  a mixture  of  lamp-black 
and  oil. 

Shammoycd  leather  is  generally  flieep  or  does 
{kill,  prepared  in  the  way  already  mentioned 
by  drelfing,  liming,  &c.  and  dyed  if  necelTary, 
and  then  finilhed  in  oil.  This  forms  the  com- 
mon walh-leather,  breeches  leather,  &c.  and 
is  the  only  kind  which,  when  dyed,  will  bear 
Daniel’s  Rural  Sports. 


waflilng  without  the  colour  being  materially  In- 
jured. 

Common  boot-leather,  as  ufually  prepared, 
is  ftill  in  fome  degree  pervious  to  water  by 
long  expofure  to  wet,  and  therefore  fifhermen, 
wild-fowl  {hooters,  and  thofe  W'hofe  employ- 
ment or  amufement  leads  them  to  be  long  on 
wet  ground,  ufually  prepare  their  boots  with 
an  additional  drelfing  of  fome  oily  or  refinous 
matter. 

The  punt-fhooters  in  Cambrldgeftiire  and  the 
adjoining  fenny  parts  of  England,  ufe  the  fol- 
lowing mixture  with  very  good  efFedl.*’  Melt 
together  in  an  earthen  pipkin  \ lb.  of  tallow, 
4 oz.  of  hog’s  lard,  2 oz.  of  turpentine,  and 
as  much  bees-wax  : make  the  boots  thoroughly 
dry  and  warm,  and  rub  in  this  mixture  well 
with  a little  tow  as  hot  as  the  hand  can  bear, 
or  elfe  hold  the  boots  over  a very  gentle  fire  till 
the  leather  has  thoroughly  imbibed  it.  Ano- 
ther mixture  for  the  fame  purpofe,  and  ufed  by 
fifhermen,  is  ; bees-wax.  Burgundy  pitch,  and 
turpentine,  of  each  2 oz  ; tallow,  4 oz.  : or 
\ lb.  of  bees-wax,  ' lb.  of  rofin,  and  i lb.  of 
beef-fuet.  In  all  cafes  the  boots  muft  be  quite 
dry,  and  the  mixture  applied  very  warm. 

It  only  remains  on  the  fubjedl  of  leather  to 
notice  very  fhortly  fome  of  the  moft  remarkable 
kinds  of  leather  prepared  in  foreign  countries, 
for  the  general  methods  of  making  leather  re- 
ferable each  other  very  clofely  in  every  part  of 
the  globe. 

The  procefs  for  the  real  Morocco  leather,  as 
prepared  from  goat-fkins  at  Fez  and  Tetuan,  is 
thus  defcribed  by  M.  Brouflbnet.®  The  fkins 
are  firft  cleanfed,  the  hair  taken  off,  limed  and 
reduced  with  bran  nearly  in  the  way  already 
defcribed  for  the  Englifh  Morocco  leather. 
After  coming  from  the  bran  they  are  thrown 
into  a fecond  bath  made  of  white  figs,  mixed 
with  water,  which  is  thereby  rendered  flimy 
and  fermentable.  In  this  bath  the  fkins  remain 
four  or  five  days,  when  they  are  thoroughly 
faked  with  fal-gem  (or  rock  fait)  alone  (and 
not  with  fait  and  alum)  after  which  they  are 
fit  to  receive  the  dye,  which  for  the  red,  is 
cochineal  and  alum,  and  for  the  yellow,  pome- 
granate bark  and  alum.  The  fkins  are  then 
tanned,  dreffed,  fuppled  with  a little  oil,  and 
dried. 

Much  excellent  leather  of  every  kind  is  pre- 
pared in  different  parts  of  the  Ruffian  empire. 
The  preparation  of  the  fine  Ruffia  leather,  fo 
well  known  for  its  quality  and  for  its  peculiar 
fmell,  is  defcribed  at  large  in  Mr.  Tooke’s 
• Bulletin  des  Sciences,  Repertory,  vol.  xi. 
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View  of  the  RulTian  Empire,”®  to  which  we 
muft  refer  the  reader  for  the  minuter  particu- 
lars. In  general  it  may  be  Hated  that  the  hides 
are  firft  put  into  a weak  alkaline  lye  to  loofen 
the  hair,  and  then  fcraped  on  a beam,  then  (if 
calves)  are  reduced  by  dogs  dung,  and  a four 
oatmeal  drench,  then  tanned  with  great  care 
and  frequent  handling.  The  bark  ufed  here  is 
feldom  oak,  but,  where  it  can  be  got,  the  bark 
of  the  black  willow,  or  if  this  cannot  be  had, 
birch-bark.  They  are  then  dyed  either  red  or 
black,  thefe  being  the  two  colours  the  moft 
efteemed.  For  the  red  the  hide  is  firft  foaked 
in  alum  and  then  dyed  with  brazil  wood.  The 
black  is  given  as  ufual  with  an  iron  liquor. 
The  leather  is  then  fmeared  with  birch  tar, 
which  gives  the  peculiar  fmell  fo  much  prized 
(and  which  when  ufed  for  book-binding  has 
the  valuable  property  of  prote£l:ing  the  book 
from  worms),  and  is  finiflred  by  various  other 
manipulations.  The  ftreaked  or  barred  furface 
is  given  to  the  leather  by  a very  heavy  fteel 
cylinder  wound  round  with  wires. 

A valuable  Sajffian  or  dyed  Maroquin  leather, 
almoft  equal  to  that  of  Turkey,  is  prepared 
largely  at  Aftracan  and  other  parts  of  Afiatic 
Rulfia.  Only  bucks  and  goats  fkins  are  ufed 
for  this  purpofe.  The  favourite  colours  are 
red  and  yellow.  The  general  method  of  pre- 
paring the  pelt  is  the  fame  as  in  this  country 
for  the  dyed  Morocco  leather,  that  is  by  lime, 
dog’s  dung,  and  bran.  Honey  is  alfo  uled 
after  the  branning.  The  honey  is  diflblved  in 
warm  water,  and  fome  of  this  liquor  is  poured 
on  each  fkin  fpread  out  on  wooden  trays  till  it 
has  imbibed  the  whole  of  the  honey,  after 
which  it  is  let  to  ferment  for  about  three  days, 
and  then  faked  in  a ftrong  brine  and  hung  up 
to  dry.  The  (kin  is  then  ready  to  receive  the 
dye,  which  for  red  is  made  with  cochineal  and 
the  falfola  ericoides,  an  alkaline  plant  growing 
plentifully  on  the  Tartarian  fait  defarts,  and 
rfre  colour  is  finiftied  with  alum.  When  dyed, 
the  fkins  are  tanned  with  fumach.  To  the 
very  fineft  reds  a quantity  of  forrel  is  ufed  with 
the  cochineal  bath,  and  the  fubfequent  tanning 
is  given  with  galls  inftead  of  fumach,  which 
renders  the  colour  as  durable  as  the  leather 
itfelf.  The  roughnefs  always  obferved  on  the 
furface  of  the  fkin  is  given  by  a heavy  kind  of 
iron  rake  with  blunt  points.  The  yellow  faf- 
fians  are  dyed  with  the  berries  of  a fpecies  of 
rhamnus  (the  Avignon  berry  would  anfwer  the 
fame  purpofe,  and  is  ufed  in  other  countries)  or 
with  die  flowers  of  the  wild  camomile. 
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That  lingular  and  valuable  leather  called 
Shagreen  is  a manufafture  almoft  peculiar  to 
Aftrakan,  where  it  is  prepared  by  the  Tartars 
and  Armenians.  For  making  fhagreen  only 
horfes’  or  afles’  hides  are  taken,  and  it  is  only  a 
fmall  part  from  the  crupper  along  the  back  that 
caa  be  ufed  for  this  purpofe.  This  is  cut  off 
immediately  above  the  tail  in  a femicircular 
form,  about  34  inches  upon  the  crupper  and  28 
along  the  back.  Thefe  pieces  are  firft  foaked 
in  water  till  the  hair  is  loofe  and  is  fcraped  off, 
and  the  fkin,  again  foaked,  is  fcraped  fo  thin  as 
not  to  exceed  a wetted  hog’s  bladder  in  thick- 
nefs,  and  till  all  the  extraneous  matter  is  got 
out,  and  only  a clean  membranous  pelt  remains. 
The  piece  is  then  ftretched  tight  on  a frame, 
and  kept  occafionally  wetted  that  no  part  may 
fhrink  unequally.  The  frames  are  then  laid  on 
a floor  with  the  flefn  fide  of  the  fkin  undermoft, 
and  the  grain  fide  is  ftrewed  over  with  the 
fmooth  black  hard  feeds  of  the  alabuta  or  goofe-^ 
foot  (Chenopodium  album)  and  a felt  is  then 
laid  upon  them,  and  the  feeds  trodden  in  deeply 
into  the  foft  moift  fkin.  The  ufe  of  this  is  to- 
give  the  peculiar  mottled  furface  for  which  fha- 
green is  diftinguifhed.  The  frames  with  the 
feeds  ftill  flicking  to  the  fkin  are  then  dried 
flowly  in  the  fliade  till  the  feeds  will  fliake  off 
without  any  yiolenee,  and  the  fkin  is  left  a 
hard  horny  fubftance  with  the  grain  fide  deeply 
indented.  It  is  then  laid  on  a folid  block  covered 
with  wool,  and  ftrongly  rafped  with  two  or 
three  iron  inftruments  (the  particular  form  of 
which  need  not  be  here  deferibed)  till  the  whole, 
of  the  grain  fide  is  fhaved,  fo.that  the  impreflion 
of  the  feeds  is  very  flight  and  uniform.  The 
fkins  are  then  foftened  firft  with  water,  and. 
then  with  a warm  alkaline  lye,  and  are  heap&tl 
warm  and  wet  on  each  other,  by  which  means 
the  parts  indented  by  the  impreflion  regain 
much  of  their  elafticity,  and  having  loft  none 
of  their  fubftance  by  paring,  rife  up  fully  to  ■ 
the  level  of  the  fhaved  places,  and  thus  form 
the  grain  or  granular  texture  peculiar  to  the 
fhagreen.  The  fkin  is  then  falted  and  dyed. 

The  beautiful  green  dye  is  given  by  foaking 
the  inner  or  flefli  fide  of  the  flcin  vuth  a fatu- 
rated  folution  of  fal-ammoniac,  ftrewing  it  ovei* 
with  copper  filings,  rolling  it  up  with  the  flefh- 
fide  inwards,  and  prefling  each  fkin  with  a con- 
fiderable  weight  for  about  twenty-four  hourfj 
in  which  time  the  fal-ammoniac  diffolves 
enough  of  the  copper  to  penetrate  the  fkin  with 
an  agreeable  fea-green  colour.  This  is  repeated 
a fecond  time  to  give  the  colour  more  body., 
i.p.  514. 
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Elu0  fliagreon  is  dyed  with  Indigo  diflblved 
- in  an  impure  fcda  by  means  of  lime  and  honey. 
Black  fliagreen  is  dyed  with  galls  and  vitriol. 
The  fcins  are  linifhed  with  oil  or  fuet. 

LEAVEN.  See  Bread  and  Fermenta- 
tion. 

LEMONS,  And  of  . See  Citric  Acid. 

LEY  or  LEES,  is  ufually  applied  to  any  alka- 
line folution  made  by  lixiviating  pearl,  or  wood, 
or  other  afhes  that  contain  alkali. 

^oap  Leea  is  an  alkali  ufed  by  foap  boilers,  or 
pctaflr  or  foda  in  folution,  and  made  cauftic  by 
lime. 

Lees  of  Wine  are  the  refufe  or  fediment  that 
depofits  from  wine  by  handing  undifturbed. 
See  Wine. 

LEPIDOLITE.  LepidoHthy  W ern.  Lepi- 
dolithcy  Broch. 

Its  colour  is  peach-blolTom  red  pafling  Into 
lilac-blue,  alfo  pearl-grey  and  yellowifli-grey. 
It  occurs  in  mafs,  and  dilTeminated  in  fmall 
fcales,  refembling  mica.  Its  luflre  is  gliftening, 
fomewhat  pafling  into  finning.  Its  fratSlure  is 
fine-grained,  uneven,  paffing  on  one  hand  into 
lamellar,  and  on  the  other  hand  into  fplintery. 
Its  fragments  are  indeterminately  angular  fharp- 
edged.  It  occurs  in  granular  diftindl  concre- 
tions. Is  tranflucent  in  thin  pieces;  moderately 
hard,  paffing  into  foft;  eafily  frangible.  Sp.  gr. 
■2.81 — 2.85. 

Before  the  blowpipe  It  melts  eafily  without 
intumefcence  into  a white  porous  tranfparent 
enamel.  At  a high  heat  in  a charcoal  crucible 
it  yields  a pale  grey,  denfe  femitranfparent  hard 
■glafs,  and  lofes  17  percent,  of  its  weight. 

Its  analyfis  was  firft  undertaken  by  Klaproth, 
by  whom  it  was  found  to  contain, 

Silex  - - - - - 54.5 

Alumine  -----  38.25 

Potaffi  -----  4. 

Oxyd  of  Iron  and  manganefe  0.75 


Lofs 


97-5° 

2-5 


100. 

' A more  accurate  examination  of  this  mineral 
•was  however  fubfequently  undertaken  by  V'au- 
^jueling  with  the  following  refult. 


Silex  - - - - 54 

Alumine  - - - 20 

Fluat  of  lime  - - 4 

Oxyd  of  manganefe  3 
Ditto  of  iron  - - i 

Potaffi  - - - - 18 
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'This  mineral  has  hitherto  been  found  only  at 
Rofena,  in  Moravia,  where  it  forms  a thin  bed 
in  gneifs. 

LEUCITE.  Lcu7.it  y Wern.  Leuciie, 

Broch. 

Its  colour  is  yellowiffi,  greylffi,  and  rarely 
reddiffi  white.  It  occurs  in  i-ounded  or  angular 
grains,  or  cryftallized  in  folids  of  twenty-four 
faces,  compofed  of  two  acute  eight-fided  pyra- 
mids, fet  bafe  to  bafe,  with  tlx;  fummits  re- 
placed by  obtufe  tour-hded  pyramids,  the  planes 
of  which  correfpond  alternately  with  thofe  of 
the  original  pyramid.  The  cryftals  are  always 
imbedded,  and  cryftalUzed  all  round.  The 
furface  of  the  grains  is  rough,  and  for  the  mofl: 
part  dull ; that  of  the  cryftals  is  fmooth  or 
nightly  ftreaked  and  gliftening.  Internally  it 
is  ffiining  with  a vitreous  luftre.  The  fradlure 
is  lamellar,  paffing  to  imperfedlly  and  flat  con- 
choidal.  Its  fragments  are  indeterminately 
angular  fliarp  edged.  It  varies  from  femitranf- 
parent to  opake.  It  is  moderately  hard,  brittle, 
and  eafily  frangible.  Sp.  gr.  2.46 — 2.49. 

It  is  infufible  before  the  blowpipe  without 
addition  : with  borax  it  gives  a browniffi  tranf- 
parent glafs ; when  expofed  to  a ftream  of 
oxygen  gas  it  melts  eafily  into  a whitiffi  tranf- 
parent glafs. 

It  was  firft  analyfed  by  Klaproth,  and  then 
by  Vauquelin,  with  die  following  refults. 


Klapr. 

Vauq. 

Silex 

54.  — 

56. 

Alumine 

24.  — 

20. 

Potaffi  - 

21.  — 

20. 

Lime 

0 — 

2 

99 

98 

Lofs 

I 

2 

100 

100 

Leucite  occurs 

In  lava,  as 

well  as 

and  the  other  rocks  of  the  lateft  trapformation. 
In  bafalt  it  is  for  the  moft  part  vitreous,  but  in 
lavas  it  is  opake  and  earthy.  It  is  much  lefs 
fubjedt  to  decompofition  than  the  lavas  in 
which  it  is  contained,  hence  it  occurs  abun- 
dantly in  loofe  cryftals  in  certain  volcanic  dif- 
tri£Is : the  road  from  Rome  to  Frafcati  in  par- 
ticular, is  .in  many  parts  quite  covered  with 
them. 

The  lavas  of  Vefuvius  and  the  bafalts  of  Italy 
abound  in  leucite ; it  alfo  occurs  in  the  bafalt 
and  other  congenerous  rocks  of  Bohemia. 

LEVIGA  riON  is  the  reduftion  of  any  fub- 
ftance  to  an  impalpable  powder  by  rubbing  on 
a flat  marble,  or  other  hard  fubftance. 
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LICHEN.  Several  plants  of  this  genus  are 
known  m technical  chemiftry  as  containing  a 
quantity  of  mucilage  in  confiderable  purity. 
The  extradlion  of  this  principle  from  the  plant 
has  lately  been  attempted  by  Lord  Dundonald. 
See  Mucilage. 

LIDISCHEllSTEIN.  See  Kieselschiefer, 
LIGNEOUS  ACID.  See  Acetous  Acin 
{empyreumatic) . 

LIGHT.  The  chemical  properties  of  light 
are  as  yet  but  very  imperfe£tly  knowm,  though 
there  is  great  reafon  to  believe  that  it  is  an  agent 
of  capital  importance  in  many  of  the  great  che- 
mical changes  that  are  going  on  in  the  vifible 
world,  and  even  in  the  experiments  of  the  labo- 
ratory its  effefts  are  often  clearly  demonftrable. 

The  procefs  of  rapid  comhujlion  is  always 
attended  with  the  evolution  of  light  along  with 
heat,  the  fource  of  both  of  which  is  afcribed  by 
Lavolfier  to  the  oxygen  which  is  known  to  be 
eflential  to  combuftion,  fo  that  according  to  this 
eminent  philofopher  whilft  any  fubftance  Is 
burning,  the  oxygen  alone  unites  with  the  com- 
buftible  fubftance,  forming  an  oxyd,  acid,  &c. 
according  to  circumftances,  and  both  the 
light  and  heat  which  previoufly  exifted  in  the 
oxygen  are  now  fet  at  liberty  and  appear  in  the 
form  of  vifible  flame. 

But  there  are  many  weighty  objections  to 
this  latter  part  of  the  hypothefis,  which  will 
be  found  under  the  articles  oxygen  and  combujlioti, 
fo  that  many  chemirts  have  returned  to  the  old 
opinion  that  the  light  is  derived  from  the  burn- 
ing body  and  not  from  the  oxygen  that  fupports 
combuftion,  an  opinion  which  on  the  whole 
better  agrees  with  the  obferved  phenomena. 

The  fun’s  rays,  the  great  fource  of  light  as 
well  as  heat  to  our  world,  have  lately  been 
found  by  Dr.  Herfchel  to  contain,  befides  all 
the  common  coloured  rays,  feparable  by  the 
prifm,  a number  of  rays  of  mere  heat,  giving 
no  light,  ftill  lefs  refrangible  than  the  red  rays 
of  the  fpeCtrum,  and  therefore  extending  be- 
yond them,  and  producing  a greater  degree  of 
heat  than  any  of  the  vifible  rays.  More  lately 
it  has  been  difcovered,  as  appears  both  by 
Dr.  Wollafton®  and  Mr.  Ritter,^  that  beyond 
the  oppofite  or  violet  fide  of  the  prifm,  are  cer- 
tain other  rays,  alfo  invifible,  which  do  not 
affeCI  the  thermometer,  but  which  produce 
fome  of  the  chemical  effeCIs  of  the  vifible  rays 
of  light,  particularly  of  the  violet  rays  to  which 
thefe  are  contiguous.  Thefe  therefore  appear 
to  be  (if  the  exprelTion  may  be  allowed)  itmiftble 
ra^'S  of  lighty  or  rays  which,  though  they  do  not 
* Phil.  Tranf.  for  i8ca.  ^ I’bi 


illuminate,  agree  in  chemical  properties  with 
thofe  that  do,  and  appear  to  be  more  than  any 
other,  feparate  from  folar  heat. 

The  moft  rapid  and  moft  unexceptionable 
chemical  effeCI  of  pure  light  hitherto  difcovered, 
has  been  the  change  of  colour  of  white  luna  cor- 
nea to  a purplifh-brov/n,  or  flate  colour.  This 
change  takes  place  without  requiring  the  leaft 
increafe  of  temperature,  or  In  any  way  being 
affe£ted  by  heat  or  cold,  and  it  occurs  equally 
well  in  clofe  as  in  open  veflels,  and  only  on  the 
furface  immediately  expofed  to  the  light.  This 
change  has  been  fuppofed  to  depend  on  a deox- 
ygenation  and  incipient  reduction  of  the  fub- 
niuriat  of  filver,  but  without  being  fupported 
by  any  very  unexceptionable  experiments. 

Some  other  anomalous  chemical  elFe£ts  of 
folar  light  may  be  here  mentioned.  When  the 
folutions  of  gold  and  filver,  efpecially  the  for- 
mer, are  placed  in  contact  wdth  charcoal  or 
with  any  other  vegetable,  or  any  animal  mat- 
ter, the  metal  is  reduced  totally  or  partially  by 
expofure  to  the  fun’s  rays,  and  the  reducing 
fubftance  is  generally  covered  with  a film  of 
gilding  or  filvering.  Count  Rumford  however 
has  fliewn  that  this  elFe£l  is  not  exclufively 
owing  to  light,  fince  it  will  take  place  in  opake 
veflels  when  the  temperature  is  raifed  to  that 
of  boiling  water.  In  this  w.iy  a bit  of  charcoai. 
may  be  moft  beautifully  fpangled  with  gold  or 
filver. 

Light  ftrongly  tends  to  decompofe  liquid  oxy- 
muriatic  acid,  experience  having  ftiewn  that 
to  preferve  it  long  it  muft  be  kept  in  a dark.- 
place  or  in  opake  bottles. 

Light  alfo  renders  pale  nitric  acid  again- 
ruddy  and  fuming  to  a certain  degree,  even 
though  inclofed  in  veflels  hermetically  fealed. 

Many  of  the  vegetable  acid  falts,  particularly 
the  acetites,  appear  to  be  ftrongly  aftected  bv 
light,  to  beconte  brown,  turbid,  and  at  laft 
confiderably  decompofed. 

A very  great  proportion  of  the  natural  dye.s 
and  colouring  materials  from  the  veget.able  or 
animal  kingdoms,  have  their  brilliance  of  hue 
much  impaired,  and  often  entirely  faded,  by 
long  expofure  to  the  fun’s  rays,  and  hence  the 
necefiity  -of  keeping  fine  tapeftry,  carpets,  pic- 
tures, &c.  as  much  as  poflible,  out  of  the  lun- 
fliine.  The  mode  in  which  light  operates  here 
is  totally  unknown. 

The  cryftalllzatlon  of  faline  fubftances  is  re- 
markably affecled  by  light,  and  there  feems  a 
ftrong  influencing  affinity  between  light  and. 
cryftalllzation,  fo  that  during  the  cryftallizatiou 
1.  Journ,  8vo.  vol.  iv,  and  viii. 
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of  any  folution,  if  the  light  be  only  partially 
admitted,  the  cryftals  will  be  much  more  nu- 
merous on  the  luminous  than  on  the  dark  fide, 
and  often  the  whole  mafs  of  cryftals  will  radi- 
ate towards  the  luminous  point.  Solutions  of 
molt  of  the  non-deliquefcent  falls,  fuch  as  car- 
bonat  of  foda  or  nitre,  when  put  in  a glafs 
velTel,  and  abandoned  to  fpontaneous  evapora- 
tion, will  form  arborefcent  cryftalline  pellicles, 
that  fiowly  travel  up  the  empty  fides  of  the 
veffel  and  gradually  overtop  it,  and  proceed 
down  on  the  outfide.  This  procefs  always 
begins  on  the  fide  the  neareft  to  the  light,  and 
is  often  entirely  confined  to  it.  Acetited  lime 
exhibits  this  appearance  in  a very  beautiful 
manner. 

All  folids  and  denfe  liquids  (not  evaporable) 
become  red  and  luminous  at  a certain  tempera- 
ture, which  temperature  is  therefore  defcribed 
commonly  as  beirtg  a red  heat.  It  appears 
however  from  a very  fimple  and  fatisfaftory 
experiment  of  Mr.  T.  Wedgwood,*^  that  gafes 
are  not  luminous,  even  at  a very  high  heat,  at 
which  folids  immerfed  in  them  readily  glow 
with  a very  bright  red. 

Whether  any  intenfity  of  heat  would  have 
this  efFe£l  on  gafles  is  doubtful. 

Independently  of  the  luminoufnefs  produced 
by  a high  temperature,  there  is  another  kind  of 
glow  or  phofphorefcence  which  a vaft  number 
of  bodies  exhibit,  but  in  very  unequal  intenfity, 
either  when  the  temperature  is  raifed  flightly, 
or  by  attrition,  or  by  incipient  chemical  change. 
In  the  former  inftance  it  often  appears  totally 
unconnefted  with  combuftion  or  any  other 
chemical  phenomenon. 

Some  of  the  moll  important  particulars  on 
this  curious  fubjefl  will  be  mentioned  under  the 
article  Phosphorescence. 

TIME.  ChauXf  Fr.  Kalk^  Germ. 

Lime  is  an  earth  moderately -hard,  of  a hot 
acrid  tafte,  foluble  in  water,  though  to  a fmall 
extent,  producing  nearly  the  fame  change  on 
vegetable  colour  as  the  alkalies  do,  and  ftrongly 
promoting  the  fufion  of  all  earthy  mixtures. 

It  is  always  prepared  artificially  by  heating 
the  various  fpecies  of  carbonats,  till  the  carbo- 
nic acid  is  driven  off,  and  it  is  made  in  very 
large  quantities  for  the  important  purpofes  of 
mortars  and  cements  of  different  kinds,  for 
manure,  and  for  other  fmaller  ufes.  The  pro- 
cefs of  lime-burning  in  the  large  way  will  be 
noticed  in  the  following  article. 

For  nice  chemical  purpofes  lime  may  be 
inade  by  calcining  in  a full  red  heat  for  fome 


hours  either  the  white  Carrara  marble  of  the 
flatuaries,  or  oyfter-fliells  (the  outer  coat  being 
firll  taken  oil ).  In  both  the  lime  is  very  con- 
fiderably  pure,  that  obtained  from  marble  being 
only  mixed  with  a fmall  portion  of  filex,  and 
fometimes  with  an  atom  of  iron,  and  that  from 
the  Ihells  containing  only  a little  phofphat  of 
lime. 

To  obtain  lime  perfedlly  pure,  let  nitric  or 
muriatic  acid  (free  from  iron)  be  .quite  faturated 
with  fragments  of  white  marble,  leaving  fome 
of  it  for  a time  in  the  folution  that  only  the 
lime  may  be  taken  up  ; add  a little  perfedlly 
cauftic  ammonia  to  the  folution,  which  will 
feparate  any  accidental  impurity  of  iron  or 
other  earths  but  not  the  lime,  then  precipitate 
the  lime  in  the  ftate  of  carbonat  by  carbonated 
ammonia,  edulcorate  the  precipitate,  and  after- 
wards calcine  it  thoroughly.  If  the  burning  be 
done  in  an  earthen  crucible,  too  ftrong  a heat 
mult  not  be  ufed,  as  it  would  caufe  a portion  of 
the  lime  to  vitrify  with,  and  adhere  to  the  fides 
of  the  crucible,  but  with  a platina  crucible  any 
heat  may  be  given. 

Oyller-lhells  will  anfwer  as  well  as  marble, 
but  the  phofphat  of  lime,  taken  up  by  the  acid 
along  with  the  lime,  mull  be  firft  feparated  by 
pure  ammonia. 

The  lime  is  known  to  be  thoroughly  calcined 
when,  after  being  moillened  with  water,  and 
reduced  thereby  to  a foft  pulp,  it  excites  no 
effervefcence  with  any  acid  moderately  dilute. 
The  portion  that  has  begun  to  vitrify  with  the 
crucible  remains  hard  and  gritty,  and  will  not 
mix  with  water. 

The  moll  known  and  remarkable  phenome- 
non attending  lime  is  the  Jlackwg  with  water. 
When  a lump  of  well-burnt  lime  is  dipped  in 
water  and  removed  after  a fecond  or  two,  or 
otherwife  wetted  fo  as  not  to  be  drenched,  the 
furface  immediately  dries,  after  which  (a  little 
fooner  or  later  according  to  the  kind  of  lime- 
llone  employed)  it  becomes  very  hot,  fwells, 
and  cracks  in  every  diredlion,  and  falls  to 
pieces  with  a fnapping  noife  and  the  evolution 
of  a copious  denfe  Ileam,  owing  to  the  vapori- 
zation of  the  water  by  the  intenfe  heat  gene- 
rated. If  a large  quantity  of  very  well  burnt 
lime  be  flacked  in  the  dark,  flalhes  of  light  are 
alfo  obferved  to  come  from  it  when  breaking  to 
pieces.  The  lime  by  this  procefs  falls  into  a 
very  fine  dry  impalpable  powder,  and  when 
cold  it  will  not  again  heat  by  more  water. 

In  this  ftate  it  is  called  JIacked  lime,  and  it 
differs  from  quick  or  unllacked  lime,  as  appears. 
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fimply  by  containing  water,  and  probably  alfo 
by  having  parted  with  a large  quantity  of  calo- 
ric, but  it  does  not  at  this  time  contain  any 
notable  quantity  of  carbonic  acid.  Slacked 
lime  dried  at  a heat  of  600°  contains,  accord- 
ing to  Lavoifier,  about  78  per  cent,  of  lime  and 
22  of  water.  If  flacked  lime  be  diffufed  in 
more  water  it  mixes  uniformly  with  it  by  flir- 
ting, and  forms  a thick  milky  liquor,  called  by 
fome  milk  of  lime,  but  by  repofe  all  the  lime 
/alls  to  the  bottom  as  a fine  white  fediment, 
except  a fmall  portion  which  the  water  dif- 
folves,  forming  lime-’water. 

Lime-water,  when  it  has  been  fome  time  at 
reft,  is  always  beautifully  clear  and  tranfparent. 
It  has  a very  flrong  hot  difagreeable  tafte,  and 
changes  vegetable  colours  nearly  as  the  alkalies. 
The  a£lual  quantity  of  lime  contained  in  lime- 
water  however  is  very  fmall,  not  being  more  at 
the  utmofl  than  about  of  the  folution,  and 
often  much  lefs.  When  lime-water  is  expofed 
to  the  air  a white  brittle  pellicle  prefently  forms 
at  the  furface,  which  is  the  lime  united  with 
the  carbonic  acid,  which  it  greedily  attradls 
from  the  atmofphere,  and  has  thereby  become 
infoluble  in  the  liquid.  By  degrees  thefe  pel- 
licles fall  down,  and  others  fuccecd,  till  the 
whole  of  the  lime  has  feparatcd  and  the  water 
is  rendered  taflelel^.  Carbonic  acid  palTed 
through  lime-water  makes  it  inflantly  turbid 
by  the  reparation  of  the  calcareous  carbonat, 
but  this  is  again  diflblved,  and  the  liquor  again 
made  perfedtiy  tranfparent  by  ufing  an  excefs 
of  carbonic  acid,  as  already  explained  under  the 
article  carbonat  of  lime. 

Pure  lime  has  not  yet  been  cryftallized  arti- 
ficially. On  account  of  its  very  fparing  folu- 
bility  in  water,  it  will  not  cryflallize  from  the 
hot  folution  by  cooling,  like  the  watery  folu- 
tions  of  barytes  and  ftrontian. 

Lime  by  itfelf  will  not  fufe  in  a lefs  heat 
than  that  given  by  oxygen  gas  before  the  blow- 
pipe, but  it  remarkably  promotes  the  fufibility 
of  all  earthy  and  faline  compounds,  and  of 
metallic  oxyds,  as  already  explained,  under  the 
article  Glass. 

Hence  it  is  often  employed  as  a cheap  and 
ufeful  flux  in  the  rcdudlion  of  the  refradlory 
ores. 

The  ufe  of  lime  as  an  elTential  ingredient  in 
mortar  and  other  cements  has  already  been 
mentioned  under  the  articles  Cements  and 
Lutes  and  Cements  ( Calcareous ). 

Lime  has  a ver,y  powerful  efFedl  on  vege- 
table and  animal  fubftances,  but  efpecially  the 
latter,  breaking  down  their  texture,  and  reducing 
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them  to  a foft  incohefive  pulp.  It  readily  unites 
with  oils  when  any  calcareous  fait  is  added  to 
foap,  and  the  white  curdy  mafs  thus  produced 
confifts  of  the  oil  united  with  the  lime  into  an 
infoluble  compound. 

The  falts  produced  by  the  union  of  lime  with 
the  different  acids  will  be  mentioned  under 
thefe  acids  refpe£lively. 

The  feparation  of  lime  from  magnefia  in 
analyfis  is  attended  with  fome  difficulty,  and 
various  ways  have  been  propofed.  The  com- 
monefl,  and  that  wliich  is  employed  occafion- 
ally  by  Klaproth,  where  by  other  experimenta 
it  is  made  evident  that  no  other  earth  or  metal 
is  prefent,  is  to  diflblve  both  earths  in  fulphuric 
acid,  and  after  evaporation  to  thorough  drynefs, 
bring  the  mixture  to  a low  red  heat:  the  affufion 
of  cold  water  will  then  diflblve  out  the  fulphat 
of  magnefia  with  fcarcely  any  portion  of  ful- 
phat of  lime,  after  which  the  magnefian  fait 
may  be  decompofed  by  an  alkaline  carbonat 
and  feparately  ellimated  according  to  its  known 
proportions. 

Another  way  of  eftimating  lime  feparately 
is  founded  on  the  property  which  ammonia  has 
(when  quite  caullic)  of  precipitating  all  the 
other  earths  and  the  oxyd  of  iron  from  their 
acid  folutions ; by  which  method  the  lime  alone 
will  be  left  in  folution.  But  if  phofphat  of  lime 
is  prefent  the  ammonia  will  precipitate  it  though 
it  will  not  decompofe  it,  which  therefore  may 
lead  to  an  error. 

Alfo  if  a mixture  of  lime  and  magnefia,  botlt 
perfeblly  decarbonated,  be  boiled  with  a folu- 
tion of  carbonat  of  potafli,  the  lime  alone  will 
become  carbonated  and  by  then  thoroughly 
walhing  the  refidual  earths,  confifting  of  the 
carbonat  of  lime  and  the  pure  magnefia,  and 
adding  a ftrong  acid,  the  carbonic  acid  will  be 
difplaced  from  the  carbonat  of  lime,  and  the 
quantity  of  lime  may  be  thus  ellimated  from 
the  known  proportions  of  this  carbonat. 

^ Mr.  'Lennant  has  adopted  another  method  in 
his  analyfis  of  the  magnefian  lime-fhone.  He 
diflblves  both  earths  in  muriatic  acid,  then  dries 
tae  mixture  and  heats  for  a few  minutes  to 
rednels,  by  which  means  the  muriatic  acid  - is 
driven  oil  from  the  magnefia  but  not  from  the 
lime.  The  quantity  of  magnefia  is  then  elli- 
mated by  the  quantity  of  *frelh  muriatic  acid 
required  again  to  diflblve  it,  whence  by  calcu- 
lations eafily  made  the  refpe£live  quantities  of 
the  two  earths  may  be  inferred. 

For  the  habitudes  of  lime  when  in  folution 
along  with  alumine,  fee  that  article. 

The  order  of  the  alfinitics  of  lime  with  th« 

F 


L I M 


L I M 


( 42  ) 


Tefpe^bive  acids  is  as  follows ; the  oxalic,  ful- 
phuvic,  tartaric,  fuccinic,  phofphoric,  nitric, 
iTuiriatic,  fluoric,  arfenic,  lactic,  citric,  ben- 
zoic, fulphureous,  acetic,  boracic,  carbonic, 
and  prufl'ic  acids. 

LIME  JVater,  Cream  and  Alilk  of.  (See 
the  preceding  article.) 

LIMESTONE.-  Kalkfein,  Wern.  Chaux 
Carhonatee  (in  part),  Hauy. 

This  fpecies  may  be  divided  into  the  five  fol- 
lowing families. 

I.  Fam.  Foliated. 

I.  Subfp.  Calcareous  fpar.  Common  Spar, 
Kirw.  Kalkjpath,  \dern.  Spaih  ea/caire,  ^roch. 

Its  principal  colour  is  white,  either  greyifh, 
greeniflr,  yellowifli,  or  rarely  reddifir  ; the 
other  colours  that  it  prefents  are  leek  and  olive 
green ; honey,  ochre,  wine,  and  wax  yellow  *, 
fleflr-red,  brownifli-red,  and  very  rarely  rofe- 
red  •,  fmoke-grey  palling  into  black  ; greenifir 
and  yellowifli  grey,  and  very  rarely  pearl-grey 
and  light  violet-blue.  On  the  furface  of  the 
lighter  coloured  cryftallized  varieties  is  often 
obferved  a fegment  of  a circle  of  iridefcent 
colours.  It  occurs  malfive,  in  veins,  diflemi- 
nated,  in  globular  and  kidney-fliaped  pieces,  in 
drufes,  and  cryftallized.  Its  primitive  figure 
is  an  obtufe  rhomboid,  the  alternate  plane  an- 
gles of  which  meafure  ioi°  30'  and  78°  30'. 
Befides  this  it  prefents  a vaft  number  of  varieties 
of  which  the  following  are  fome  of  the  more 
remarkable. 

1 . A very  obtufe  rhomboid,  the  plane  angles 
of  which  meafure  114°  and  66°. 

2.  An  acute  rhomboid,  the  plane  angles  of 
which  meafure  75^  and  104I. 

3.  A dodecahedron  with  fcalene  triangular 
faces,  compofed  of  two  fix-fided  pyramids, 
joined  bafe  to  bafe,  fo  that  the  line  reprefenting 
their  common  bafe  forms  three  faliant  and  as 
many  re-entering  angles. 

4.  An  acute  rhomboid,  the  plane  angles  of 
which  meafure  45-|°  and  i34y°. 

5.  A ftill  more  acute  rhomboid  than  the 
preceding,  the  plane  angles  of  which  meafure 
37  P and  1421°. 

6.  An  rente,  almoft  cubic,  rhomboid,  the 
plane  angles  of  which  meafuie  88°  and  92°. 

7.  The  primitive  form,  the  two  fummits  of 
w hich  are  intercepted  by  two  triangular  faces. 

8.  The  fame  as  var.  2.  with  the  edges  com- 
pofing  the  two  fummits,  replaced  by  narrow 
pentagonal  planes. 

9.  The  primitive  form,  with  a ftrait  fix-fided 


prlfm,  interpofed  between  the  two  pyramids 
of  which  it  may  be  confidered  as  compofed : 
hence  all  the  faces  are  rhombs. 

10.  The  fame  as  var.  3.  with  each  fummit 
intercepted  by  three  rhombic  faces,  parallel  to 
thofe  of  the  primitive  nucleus. 

11.  The  primitive  form  with  a ftrait  prifm 
interpofed  between  the  two  pyramids  in  the 
dlrecSHon  of  the  lateral  folid  angles  of  the 
rhomboid  ; hence  all  the  faces  are  pentagons. 

12.  An  acute-rhomboid  compofed  of  the  pri- 
mitive form  and  that  of  var.  5.  The  plane 
angles  furrounding  the  two  fummits  are  equal 
to  the  acute  ones  of  the  primitive  form  ; all  the 
other  plane  angles  are  thofe  of  var.  5. 

13.  A regular  hexahedral  prifm. 

14.  A rhomboid,  approaching  very  nearly 
to  a cube,  with  the  two  fummits  replaced  by 
triangular  planes. 

15.  The  fame  as  var.  4.  with  the  two  fum- 
mits replaced  by  triangular  planes. 

16.  The  fame  as  var.  i.  with  a ftrait  fix- 
fided  prifm  intervening  between  the  two  pyra- 
mids. 

17.  The  fame  as  var.  i.  wuth  an  intervening 
prifm  in  the  dire£Hon  of  the  lateral  folid  angles. 

18.  The  preceding,  In  wdiich  the  prifm  is  fo 

far  fupprefled  as  to  form  only  fix  adjoining  tri- 
angular faces.  ' 

19.  The  fame  as  var.  17.  except  that  the 
long  fides  of  the  faces  of  the  prifm,  inftead  of 
being  parallel,  approach  towards  each  other  at 
that  extremity  which  is  terminated  by  a Angle 
line. 

20.  A dodecahedron  like  var.  3.  only  more 
acute,  each  of  the  fummits  of  w'hich  is  re- 
placed by  a pyramid  compofed  of  three  trape- 
ziums. 

21.  The  fame  as  var.  3.  the  lateral  folid  an- 
gles of  which  are  replaced  by  as  many  trape- 
zoidal or  lengthened  hexagonal  faces. 

22.  The  fame  as  var.  4.  but  bevilled  on  the 
edges  contiguous  to  the  fummits. 

23.  The  fame  as  var.  21.  wuth  each  of  the 
fummits  replaced  by  three  rhombic  faces  pa- 
rallel to  thofe  of  the  primitive  nucleus. 

24.  The  fame  as  var.  17.  wuth  the  extremity 
of  the  terminal  pyramid  replaced  by  a liorizon- 
tal  equilateral  triangular  plane. 

25.  A fix-fided  prifm  with  dihedral  fummits; 
the  ifides  of  the  prifm  arc  acute-angled  triangles, 
the  apexes  of  which  are  alternately  directed 
tow^ards  each  extremity. 

26.  A dodecahedral  prifm. 


» Enunerling,  Brochant,  Hauy,  Kir.van,  jamefon. 
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27.  The  fame  as  var.  3.  except  that  the  late-  « 
ral  folid  angles  are  replaced  by  irregular  penta- 
gonSj  and  three  of  the  alternate  edges  furroiind- 
ing  each  fummit  are  replaced  by  narrow  paral- 
lelipipeds. 

28.  The  lenticular  calcareous  fpar,  which  is 
a modification  of  var.  i r . produced  by  the  flat- 
tening of  the  lateral  edges,  into  a Angle  curved 
line,  and  the  total  or  partial  fuppreflion  of  the 
terminal  edges,  whence  refults  a convex  folid 
refembling  a lens. 

The  cryftals  of  calcareous  fpar  are  varloufly 
aggregated  and  often  deeply  imbedded  *,  hence 
the  rhomboidal  cryllals,  efpecially  the  more 
acute  ones  prefent  only  trihedral  pyramids,  the 
three  other  faces  that  complete  the  rhomboid 
not  appearing  above  the  fubftance  in  which  the 
cryftals  are  engaged.  The  fize  of  the  cryftals 
varies  from  of  an  inch  or  lefs  to  12  or  14 
inches  in  length ; the  dodecahedron  var.  3. 
affords  generally  the  largeft  cryftals.  The  late- 
ral planes  of  the  cryftals  are  commonly  fmooth 
and  fplendent. 

The  internal  luftre  varies  from  nearly  fpecu- 
!ar  to  gliftening,  and  is  vitreous,  inclining 
fometimes  to  pearly.  Its  fra£lure  is  ftrait  and 
very  rarely  curved  lamellar.  It  is  eafily  divifi- 
ble  in  three  directions,  and  the  form  of  its 
fragments  is  always  rhomboidal.  When  in 
mafs,  calcareous  fpar  occurs  in  large  and  coarfe- 
grained  diftinft  concretions,  alfo  in  teftaceous, 
wedge-fliaped,  and  diverging,  prifmatic  diftinct 
concretions. 

The  tranfparency  both  of  the  maffive  and 
cryftallized  varieties  is  fubjcct  to  much  varia- 
tion ; in  general  however  the  cryftals  are  tranf- 
parent  and  femi-tranfparent,  and  the  others 
are  femitranfparcnt  and  tranflucent.  When 
tranfparent  it  pofl'efl'es  a double  refraction  in 
a remarkable  degree.  In  hardnefs  it  ranks 
between  gypfum  and  fluor  fpar.  It  is  brittle, 
and  very  eafily  frangible.  Sp.  gr.  2.69  — 

^•72- 

Certain  varieties  of  calcareous  fpar,  efpecially 
thofe  from  Derbyftiirej  become  phofphorefcent 
when  laid  on  a hot  coal. 

Calcareous  fpar  diffolves  with  effervefcence 
in  almoft  every  acid,  and  by  expofure  to  the 
blowpipe  for  fome  time  it  is  reduced  to  quick- 
lime. Moft  of  the  varieties  contain  a fmall 
variable  proportion  of  iron,  but  the  iceland  fpar, 
which  is  pureft  of  all,  confifts  only  of  lime, 
carbonic  acid,  and  water,  in  the  following  pro- 
portions i** 


Lime  - _ - - 55.,^ 

Carbonic  acid  - 44. 

Water  - - , 0.5 


100.0 


Calcareous  fpar  occurs  in  veins  in  almoft 
every  kind  of  rock,  from  the  oldeft  granite,  even 
to  the  alluvial  ftrata.  It  accompanies  a great 
variety  of  minerals,  and  is  almoil  the  conftant 
concomitant  of  galena. 

It  is  fo  generally  diftributed  that  a lift  of 
localities  would  be  ufelefs  : the  rareft  and  moft 
beautiful  cryftals  come  from  Derbyftiire  and 
Cumberland,  in  England ; from  Saxony,  France, 
Spain,  and  Iceland.  The  double  refracting 
Iceland  fpar  may  be  confidered  as  the  pureft 
form  of  calcareous  fpar  it  appears  in  our  cabi- 
nets in  the  form  of  rhomboidal  prifms,  but 
thefe  are  produced  by  the  fraClure  of  large  do- 
decahedral cryftals  of  var.  3 . 

2.  Fam.  Granularly  foliated. 

' 2.  Subfp.  Statuary  marble.  Granular  mar- 
ble. Primitive  Limeftone.  Kormger  Kalhjiein, 
Wern.  Pierre  calcaire  grenue,  Broch.  Chaux 
carhonath faccharoide^  Hauy. 

Its  ufual  colour  is  fnow-whlte,  yellowifti, 
greyilh  and  greenifli  white,  rarely  reddifli- 
white  : it  alfo  occurs  bluifli,  greenifli,  afli  and 
fmoke  grey,  and  greyifti-black  j from  reddifh- 
white  it  pafTes  into  pearl-grey  and  flefli-red, 
and  from  greenifli-white  into  yellowifh  and  olive 
green.  Its  colour  is  generally  uniform,  but 
fometimes  it  prefents  clouds,  fpots,  or  veins. 
It  is  always  in  mafs.  Its  luftre  varies  from 
fhining  to  glimmering,  and  is  intermediate  be- 
tween pearly  and  vitreous.  Its  fraCfure  is  mi- 
nutely foliated  paflTing  into  fplintery.  Its  frag- 
ments are  indeterminately  blunt  edged.  It 
generally  occurs  in  granular  diftinCl  concre- 
tions -,  when  thefe  are  very  fine  the  fraClure 
approaches  nearly  to  compaCt.  It  is  tranflu- 
cent, and  the  lefs  fo,  as  it  is  the  more  loaded, 
with  colouring  matter.  In  hardnefs  it  is  nearly 
equal  to  the  preceding ; it  is  brittle  and  eafily 
frangible.  Sp.  gr.  2.7  to  2.8. 

In  chemical  charaCIers  it  agrees  with  calca- 
reous fpar. 

It  occurs  fometimes  in  mountain  mafles,  but 
more  frequently  in  beds  in  mountains  of  gneifs, 
and  argillaceous  and  micaceous  fchiftus : v/hen 
in  gneifs  the  concretions  are  very  diftimft,  but 
when  it  occurs  in  tranfition  rocks  the  concre- 
tions are  hardly  vifible.  It  frequently  contains 
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other  fubftances  difperfed  through  its  fubflance, 
fuch  as  mica,  hornblende,  aftynolite,  afbeft, 
quartz,  ferpentine,  galena,  blende,  iron  pyrites, 
and  magnetic  iron-ftone. 

The  moll  valuable  variety  of  ftatuary  marble 
is  the  fnow-white ; that  of  the  ille  of  Paros  in 
the  Archipelago  has  fupported  undiminiflied 
the  high  reputation  which  it  appears  firft  to 
have  derived  from  the  fculptors  of  Greece,  al- 
moft  all  their  fineft  works  having  been  formed 
of  this  material.  Next  in  efleem  is  the  white 
marble  of  Carrara  in  Italy,  which  is  employed 
in  moll  of  the  finer  works  of  modern  ftatuary. 
Of  the  coloured  varieties  of  primitive  limeftone 
that  of  the  illand  of  Tiree,  on  the  v/eftern  coaft 
of  Scotland,  deferves  perhaps  the  higheft  place, 
its  colour  is  a bright  flefh-red,  beautifully  re- 
lieved by  interfperfed  cryftals  of  green  horn- 
blende ; its  fradlure  is  almoft  fplintery,  and  it 
is  fufceptible  of  a high  polifti. 

3.  Suhfp.  Dolomite,  (which  fee.) 

3.  Fam.  Fibrous. 

4.  Subfp.  Satin  fpar.  Common  fibrous  lime- 
fione,  Jamefon.  Genieincr  fiafriger  kallfiein, 
Wern. 

Its  colour  is  greyilh,  yellowifli,  or  reddifii 
white  ; it  occurs  in  mafs.  Its  luftre  is  between 
fliining  and  gliltening  with  a pearly  or  fatiny 
lullre.  Its  perpendicular  fradlure  is  ftrait  or 
waved  parallel  fibrous,  the  fibres  are  either  fine 
or  coarfe  ; the  crofs  fra6lure  is  compa£t  fplin- 
tery. Its  fragments  are  fplintery  or  flattened 
fibrous.  It  is  tranflucent,  and  in  thin  pieces 
is  femitranfparent.  Its  hardnefs  is  a little  in- 
ferior to  that  of  calcareous  fpar,  it  is  brittle, 
and  eafily  frangible.  Sp.  gr.  2.7. 

In  its  chemical  charadlers  it  I'efembles  calca- 
reous fpar.  Its  conftituent  parts,  according  to 
Mr.  Pepys,*^  are 

Carbonic  acid  - 47.6 

Lime  - - _ ^o.i 

Water  and  lofs  - 2.3 


loo.o 


It  occurs  in  ftrata  from  one  to  four  inches 
thick,  and  is  traverfed  by  veins  of  pyrites. 

The  molt  beautiful  is  found  in  Derbyfiiire  : 
it  is  fufceptible  of  a fine  polifh,  and  is  employ- 
ed in  inlaying,  and  in  the  manufaiSlure  of  fmall 
ornaments  in  imitation  of  pearl. 

5.  &ttbfp.  Staladite  or  finter.  Kalhjintcr, 
W ern. 

The  colour  of  ftaladlite  is  fnow-white,  grey- 
iOi,  greenifii,  and  yellowilh  white;  alfb  wax 
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and  honey  yellow  and  yellowilh-brown  ; alfo 
yellowilh,  brownilli,  or  bluilh  green,  or  moun- 
tain-green ; fometimes  though  rarely  flelli  or 
peach-bloflbm  red.  Tlie  colour  is  either  uni- 
form or  in  ftripes. 

It  occurs  malTive,  reniform,  botryoidal,  ta- 
bular, flalaflite,  and  tuberous.  Externally  it 
is  rough  and  often  drufy.  Internally  it  has  a 
glimmering  pearly  luftre.  Its  fra£ture  is  fibrous, 
more  or  lefs  divergent,  often  completely  radi- 
ated. Its  fragments  are  indeterminately  angu- 
lar, or  wedge-lliaped.  It  generally  occurs  in 
curved  lamellar  diftimSl;  concretions,  parallel 
with  the  external  furface.  It  is  more  or  lefs 
tranflucent  palfing  into  femitranfparent.  Its 
hardnefs  is  equal  to  that  of  calcareous  fpar.  It 
is  brittle,  and  eafily  frangible. 

It  forms  ftaladlites,  and  various  rounded  pro- 
jeftions  in  the  caves  and  hollows  that  fo  fre- 
quently occur  in  limeftone.  The  Grotto  of 
Antiparos,  the  Woodman’s  Cave  in  the  Flartz, 
Caftleton  Cavern,  and  other  caverns  in  Derby- 
fliire,  Yorkfliire,  &c.  afford  abundant  fpeci- 
mens  of  this  mineral.  Some  caverns  have  been 
entirely  filled  by  it,  fo  that  it  is  occafionally 
obtained  in  large  maffes.  In  this  ftate  it  is 
called  oriental  alabafter,  and  is  much  employed 
by  the  ftatuary. 

That  beautiful  coralloidal  fubftance,  the  fios 
ferri,  is  commonly  I'anked  among  the  calca- 
reous ftalaftites.  It  has  never  been  analyfed, 
but  from  its  only  occurring  in  veins  of  fpathofe 
iron  ore,  it  probably  contiiins  a large  proportion 
of  carbonated  iron. 

4.  Fam.  Compadl. 

6.  Subfp.  Common  limeftone,  Gemeiner 
dlchter  kalffiein,  Wern.  Pierre  ca'.caire  compacie 
commune,  Broch. 

Its  ufual  colour  is  fome  ftiade  of  grey,  either 
yellowifli,  bluifli,  or  fmoke-grey : from  afli- 
grey  it  paffes  into  greyifli-black,  from  yellowifh- 
grey  into  yellowifli-brown  and  ochre-yellow : 
it  alfo  fometimes,  though  rarely  occurs  blood- 
red  and  fleflr-red,  and  greenifli-grey.  Two  or 
more  colours  often  exift  in  the  fame  piece  in 
the  form  of  veins,  zones,  bands,  ftripes,  clouds, 
and  dots  ; the  furfaces  of  the  ftrata  and  of 
cafual  rents  are  often  covered  vidth  black  or. 
brown  arborizations..  It  is.  ufuafty  maflive,  but 
alfo  exhibits  a variety  of  external  fliapes.  In- 
ternally it  is  dull,  yet  often  contains  fbinjng- 
particles  that  appear  to  be  cryftalline  laminae.' 
Its  ufual  fradlure  is  fine  fplintery,  but  it  paffes 
into  fiat  conchoidal,  uneven,  and  earthy,  fome- 
times though  rarely  it  is  flaty.  Its  fragments- 
xii.  p ^67. 
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are  indeterminately  angular,  more  or  lefs  fliarp- 
cdged.  It  is  tranflucent  on  the  edges,  mode- 
rately hard,  brittle,  and  frangible.  Sp.  gr.  2.6 
— 2.7. 

It  diflblves  in  acids  with  a vigorous  eifervef- 
ccncc,  and  when  expofed  to  the  blowpipe  is 
converted  into  quicklime.  It  is  competed  of 
lime  and  carbonic  acid,  with  a fmall  and  varia- 
ble proportion  of  filex,  alumine,  the  oxyds  of 
iron  and  manganefe,  and  inflammable  matter. 

Limeftone  fometimes,  though  rarely,  occurs 
among  the  tranfition  rocks,  in  which  cafe  it 
alternates  with  and  refts  upon  Hate,  and  has  a 
fplintery  frafture,  and  is  for  the  moft  part  def- 
titute  of  the  remains  of  organized  bodies. 

But  the  principal  repofitory  for  limeftone  is 
the  clafs  of  fecondary  or  floetz  mountains. 
Among  thefe  it  always  occurs  in  ftrata,  confti- 
tuting  feveral  diftin£t  formations : the  oldeft  of 
thefe  is  that  which  refts  upon  the  red  fand- 
ftone,  and  bituminous  marl  flate.  Some  of 
the  other  formations  are  charadterized  by  the 
ftiells  with  which  they  abound.  Of  thefe  the 
leaft  recent  contain  ammonites,  belemnites, 
gryphites,  and  turbinites,  while  the  moft  mo- 
dern contain  various  prefent  marine  ftiells  and 
fifti.  Limeftone  ranks  among  the  metalliferous 
mountains  : the  ores  w'hich  are  depofited  within 
it  are  galena  and  blende,  more  rarely  fahlerz 
and  malachite.  It  frequently  alfo  alternates 
with  thin  feams  of  hornftone  or  chert,  as  chalk 
does  with  flint. 

Limeftone  when  unburnt  is  ufed  for  build- 
ing and  paving  ftones,  and  when  hard  and 
compacl  enough  to  admit  of  poliftiing  it  is  em- 
ployed under  the  name  of  marble,  in  the  more 
ornamental  parts  of  architecture  •,  when  de- 
prived of  its  carbonic  acid,  or  in  the  flate  of 
quicklim.e,  it  forms  the  bafe  of  all  the  calcare- 
ous CEMENTS,  and  is  largely  employed  by  the 
farmer  for  manure,  by  the  tanner,  the  foap- 
boiler,  the  calico-prihter,  &c.  and  by  the 
fmeltcr  to  facilitate  the  redu£lion  of  the  more 
refractory  ores. 

The  argillaceous  limeftones  have  for  the  moft 
part  a tendency  to  a flaty  fracture,  and  pafs 
into  marl ; their  colour  is  principally  bluifh- 
grey  or  reddifh,  and  they  are  readily  decom- 
pofed  by  the  action  of  the  air;  the  mortar  into 
which  this  variety  of  limeftone  enters  pofTeftes 
the  quality  of  hardening  under  water,  as  is  men- 
tioned at  large  in  the  article  Cement. 

7.  Siihfp.  Magncfian  Limeftone.^ 

This  fubftance  was  confounded  with  common 
limeftone  till  Mr.  Tennant  undertook  an  exa- 
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mination  of  it ; and  although  the  external  dif- 
tintive  charaters  between  the  prefent  fubfpe- 
cies  and  common  compat  limeftone  have  not 
hitherto  been  laid  down  by  any  author,  yet 
the  chemical  differences  in  the  compofition  of 
the  two  clearly  require  their  divifion  into  dif- 
tincfl  fubfpecies.  When  deprived  by  heat  of  its 
carbonic  acid  it  is  much  longer  in  reabforbing 
it  from  the  atmofphere  than  common  limeftone 
is.  Mortar  made  of  the  former  and  employed 
in  the  outfide  of  a building,  in  the  fpace  of 
eight  years,  had  recovered  only  47  per  cent,  of 
the  carbonic  acid  originally  contained  in  the 
ftone,  M'hereas  mortar  of  common  limeftone  in 
a year  and  three  quarters  had  regained  63  per 
cent,  of  its  original  amount  of  carbonic  acid. 
The  great  length  of  time  wLich  this  magnefian 
limeftone  continues  cauftic  is  the  cauf'e  oT  a 
moft  important  difference  between  this  and 
common  limeftone  with  regard  to  their  em- 
ployment in  agriculture  : lime  of  the  former 
defeription  is  technically  called  >?><?/,  and  when 
fpread  upon  land  in  the  fame  proportion  as  is 
generally  pra£lifed  with  the  latter,  greatly  im- 
pairs the  fertility  of  the  foil,  and  w'hen  ufed  in 
a fomewhat  larger  quantity  entirely  prevents  all 
vegetation.  The  habitudes  of  the  two  fubfpe- 
cies, with  regard  to  their  folution  in  acids,  are 
alfo  different,  m the  fame  manner  as  dolomite 
differs  from  granular  marble,  the  magnefian 
limeftone  being  much  more  flowly  foluble  than 
the  other. 

It  occurs  in  ftrata  at  Bredon-hill,  near  Derby ; 
at  Matlock  in  the  fame  county.  In  the  coun-  ' 
ties  of  Yorkftiire  and  Nottinghamfhire  it  ex- 
tends from  near  Workfop  to  tlie  vicinity  of 
Ferrybridge,  a diftance  of  above  thirty  miles. 

It  is  alfo  common  in  Northumberland.  The 
Minfter  and  city  walls  of  York,  and  Weftmin- 
fter-hall  in  London,  are  built  of  it.  It  fome- 
times though  rarely  contains  ftiells,  and  appears 
to  reft  upon  fecondary  limeftone.  , 

According  to  Mr.  Tennant’s  analyfis  it  con- 
tains from 

20.3  to  22.5  Magnefia. 

29.5  — 31.7  Lime. 

47-2  — Carbonic  acid. 

0.8  — 1.24  Clay  and  oxyd  of  iron., 

5.  Fam.  Granular. 

8.  Suhfp.  Roeftone.  Roogertflein^  Wern- 
Oolite,  Broch. 

Its  colour  is  hair  and  chefnut  brown,  or  yel- 
lowifh-brown,  or  afti-grey.  It  occurs  in  mafs, 
and  is  without  luftre.  It  is  compofed  of  fmall 
and  fine-grained  globular  diftindl  concretions  ; 
Phil.  Tranf. 
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lienee  its  fra£l;ure  in  the  great  is  granular,  but 
that  of  each  diftinef  concretion  is  fine  fplintery. 
Its  fragments  are  indeterminately  angular, 
blunt-edged.  It  is  opake  paffing  into  tranf- 
lucent  on  the  edges.  It  is  confiderably  fofter 
than  common  limeftone.  It  is  brittle,  and  very 
eafily  frangible.  Sp.  gr.  2.  }.5 — 2.55. 

It  occurs  in  beds  interpofed  between  fand- 
flone,  common  limeftone,  and  gypfum. 

The  Ketion-ftone  of  England  belongs  to  this 
fubfpecies,  as  alfo  does  the  Portland  ftone. 
It  is  found  alfo  in  Sweeden,  Swiflerland,  and 
efpecially  in  the  province  of  Thuringia,  in  Sax- 
onv. 

It  is  ufed  for  building,  and  as  a manure, 
efpecially  when  broken  down  by  expofure  to 
the  air : but  is  not  burnt  into  quicklime  on  ac- 
count of  the  clay  with  which  it  is  intimately 
mixed. 

It  has  obtained  its  prefent  name  from  the 
refemblance  which  many  of  its  varieties  bear  to 
the  roe  -of  fiflt  •,  indeed  it  was  formerly  igno- 
rantly fuppofed  to  be  this  very  fubftance  petri- 
fied. 

9.  Stihfp.  Peaftone.  Erbfenjlein,  Wern. 
Pierre  de  pois^  or  pifolite,  Broch. 

Its  ufual  colour  is  yellowilh- white,  whence 
it  pafles  on  one  hand  to  fnow- white,  and  on  the 
other  to  light  yellowilh-brown.  It  occurs  in 
mafs,  but  when  it  forms  the  lining  of  cavities 
it  is  then  reniform  or  botryoidal.  Internally  it 
is  dull  : its  frafture  is  difficult  to  determine, 
but  appears  to  be  even  : its  fragments  are  in- 
determinately blunt-edged.  It  is  compofed  of 
fpheroidal  diftindt  concretions  either  coarfe  or 
fmall,  and  thefe  are  again  compofed  of  thin 
concentric  curved  lamellx.  It  is  opake,  foft, 
and  eafily  frangible. 

It  occurs  in  confulerable  maffies  near  the  hot 
fprings  of  Carlfbad,  in  Bohemia,  and  appears 
to  be  a depofit  from  thefe  fountains.  The  cen- 
tre of  each  concretion  is  ufually  a grain  of  fand, 
but  fometimes  a fmall  cavity  filled  with  air.  It 
is  alfo  faid  to  occur  in  Hungary,  and  at  Perf- 
cheefoerg  in  Silefia. 

On  Marble. 

In  the  language  of  the  ftatuary  and  architedl 
all  (tones  come  under  the  name  of  marble  that 
are  harder  than  gypfum,  occur  in  confulerable 
maffies,  and  are  capable  of  a good  polifli. 

Hence,  not  only  many  varieties  of  limeftone, 
but  alfo  granite,  porphyry,  ferpentine,  and  even 
the  fine-grained  bafalts,  are  called  marble. 
Among  m.ineralogifts  however  the  term  is  ufed 
in  a more  reftridted  fenfe,  being  confined  to 
thofc  varieties  of  dolomite,  fwineftone,  and 


compact  and  granularly  foliated  limeftone  that 
are  capable  of  receiving  a confulerable  polifli. 
Of  thefe  calcareous  marbles  the  molt  valuable 
for  hardnefs,  durability,  and  colour,  are  pro- 
cured from  Italy,  from  the  Greek  illands,  and 
from  Syria ; the  ancient  Romans,  when  at 
their  height  of  civilized  luxury,  alfo  obtained 
from  Numidia  and  other  diltridts  in  Africa  fome 
highly-efteemed  varieties  of  marble. 

The  white  granularly  foliated  limeftone  has 
always  been  the  favourite  material  of  the  fculp- 
tors  of  ancient  Greece  and  modern  Europe, 
both  on  account  of  its  pure  colour,  its  delicate 
tranfiucence,  and  its  granular  texture,  which 
renders  it  much  more  eafy  to  work  than  com- 
padt  limeftone.  Dolomite  poffeffes  fimilar  ad- 
vantages, and  is  fomewhat  fofter  and  of  a finer 
grain : feveral  of  the  fmaller  works  of  the 
Greek  fculptors  are  of  this  material.  The  two 
great  fources  whence  the  ftatuary  marble  of 
Europe  has  been  procured  arc  Paros  and  Car- 
rara. The  Parian  marble  is  the  pureft,  confid- 
ing of  hardly  any  thing  clfe  than  carbonat  of 
lime  j hence  it  is  fofter,  fomewhat  more  tranf- 
parent,  and  of  a more  vifibly  laminated  tex- 
ture than  that  of  Carrara,  which  is  mingled, 
often  in  confiderable  proportion,  with  granular 
quartz. 

The  mod  efteemed  of  the  architedlural  mar- 
bles are  the  following. 

1.  A deep  blue-coloured  marble,  called  bar- 
diglio,  from  Carrara,  which  appears  to  differ 
only  in  colour  from  the  white  llatuary  marble 
of  the  fame  place. 

2.  Cipolin  marble,  which  is  ftatuary  marble 
traverfed  by  veins  of  mica. 

3.  Lumachelle  marble,  which  is  a fecondary 
compadl  limeftone  of  a grey  or  greyiflb-browa 
colour,  holding  (hells  that  dill  retain  their 
pearly  luftre.  The  fire  marble  of  Bleyberg,  in 
Carinthia,  is  the  mod  valuable  of  this  variety  ; 
the  bafe  is  a greyiffi-brown  compadt  limeftone, 
in  which  are  implanted  fliells  of  a fire  colour 
and  beautiful  iridefeent  luftre. 

4.  Florentine  marble,  which  is  a compadl 
very  argillaceous  limeftone,  of  a grey  colour, 
with  defigns  of  a yellowilh-brown  reprefenting 
architedlural  ruins. 

5.  The  yellow  marbles  of  Syria,  Sienna,  and 
Arragon. 

6.  The  green  marbles  known  by  the  names 
of  campan,  verde  antiche,  verde  di  Corfica, 
&c.  which  are  mixtures  of  granularly  foliated 
limeftone,  calcareous  fpar,  and  ferpentine,  with 
threads  of  afbeftos. 

7.  Avery  rich  breccia,  called  brocatelli,  coit- 
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taining  fmall  fragments  cf  yellow-red  and  pur- 
ple limeflone,  cemented  by  femitranfparent 
vhite  calcareous  fpar. 

Of  the  marbles  that  the  Britifh  Iflands  pro- 
duce that  of  Tirce  deferves  the  firft  place ; and 
if  its  colours  were  not  apt  to  fade,  it  might 
rank  among  the  moft  beautiful  even  of  Italy. 
The  counties  of  Devonfhire  and  Derbyfliire  alio 
afford  feveral  varieties  of  confiderable  beauty, 
though  by  no  means  to  be  compared  with  the 
moll  eftecmcd  of  Italy  and  Spain. 

On  Limejlotie. 

Although  all  the  fpecies  with  their  varieties 
that  are  defcribed  in  this  article  may,  properly 
fpeaking,  be  called  limeflone,  fmce  they  confifl 
almoft  entirely  of  calcareous  carbonat,  and  may 
by  burning  be  brought  to  the  flate  of  quicklime, 
yet  we  fliall  find  in  facl  that  the  fubftances 
belonging  to  the  family  of  compact  limeflone 
are  the  only  ones  that  are  or  that  can  be  ad- 
vantageoufly  employed  for  this  purpofe  in  the 
large  way.  Sometimes  calcareous  fpar  and, 
more  frequently,  flatuary  marble,  are  ufed  in 
the  laboratory  for  the  purpofe  of  procuring  a 
lime  purer  than  ordinary  for  the  purpofes  of 
chemiflry.  But  owing  to  the  cryflalline  texture 
of  thefe  fubftances,  the  laminas,  of  which  they 
are  compofed,  part  from  each  other  during  the 
volatilization  of  their  carbonic  acid,  fo  that  by 
the  time  when  they  are  rendered  thoroughly 
cauftic  their  cohefion  is  deftroyed,  and  they  are 
reduced  nearly  to  the  confiftence  of  fand,  a 
circumftance  which  muft  always  prevent  them 
from  being  ufed  in  kilns  of  the  common  con- 
ftru<flion.  The  limekiln  at  prefent  almoft  uni- 
vcrfally  employed  in  this  country  is  a cup- 
Iliaped  concavity  in  a folid  mafs  of  mafonry, 
open  at  the  top,  and  terminated  at  the  bottom 
by  a grate,  imnrediately  above  which  is  an  iron 
door  that  may  be  opened  and  clofed  at  pleafure. 
This  fimple  furnace  is  firft  charged  with  fuel 
(either  wood  or  coal,  but  more  commonly  the 
latter),  upon  which  is  afterwards  laid  a flratum 
about  a foot  thick  of  lirneftone,  broken  into 
pieces  not  larger  than  the  fill : to  this  fucceeds 
a charge  of  fuel,  and  fo  on  alternately,  keeping 
the  kiln  always  full.  The  pieces  of  lirneftone 
defeend  towards  the  bottom  of  the  kiln,  in  pro- 
portion as  the  fuel  is  confumed,  being  in  the 
mean  time  kept  at  a pretty  full  red  heat.  At 
this  temperature  the  water  and  carbonic  acid 
are  driven  off",  and  by  the  time  that  the  lime- 
flone  arrives  at  the  bottom  of  the  kiln,  which 
happens  in  about  48  hours,  it  is  rendered  per- 
feftly  cauftic.  The  door  above  the  grate  is  then 
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opened,  and  all  the  lime  below  the  next  defeend- 
ing  flratum  of  fuel  is  raked  out : the  remaining 
contents  of  the  furnace  fink  down,  and  a frefh 
charge  is  laid  on  at  top.  The  compa£l  lime- 
ftone,  after  having  undergone  this  procefs, 
though  much  lighter  and  porous  than  before, 
Hill  retains  its  figure  unaltered,  hence  it  is 
readily  feparable  from  the  allies  of  the  fuel,  and 
is  fufticiently  hard  to  be  carried  from  place 
to  place  without  falling  to  pieces.  For  fome 
further  remarks  on  the  difterent  varieties,  fee 
Cements  calcareous. 

LINSEED-OIL.  See  Oils,  fixed. 

LIQUATION,  or  Eliqnaiion.  This  procefs 
will  be  defcribed  under  tlie  article  Silver. 

LIQUOR.  OF  FLINTS,  or  Liquor Jtlicum. 
This  term  has  been  given  to  the  folution  of 
filex  in  a fixed  alkali,  and  difl'olved  in  w'ater. 
See  Silex. 

LIQUOR  OF  LIB AVIUS.  See  Tin. 

LIQUOR  (Boyle' s fuming) . See  Sulphu- 
RET  of  Ammonia. 

LFITIARGE.  See  Lead. 

LITHIC  Acidy  or  Uric  Acid.  Sec  Urinart 
Calculi. 

LITHOMARGA,  See  Steinmark. 

LITMUS  or  Archil.  Orfeillcy  Tournefof  Fr. 
This  beautiful  but  perifliable  dye  is  a violet 
red  pafte,  prepared  from  a fpecies  of  lichen, 
which  grows  abundantly  in  the  Canary  Iflands, 
in  the  South  of  France,  and  in  fome  other  parts. 
Many  other  fpecies  of  lichen  have  alfo  the  pro- 
perty of  affuming  a beautiful  purple,  when  pre- 
pared in  the  fame  manner  as  litmus. 

Archil,  by  which  name  it  is  better  known 
in  commerce,  is  generally  in  the  form  of  cakes 
like  anotta,  which  are  prepared  largely  in 
Holland,  and  in  London,  for  the  ufe  of  the 
dyers. 

The  Dutch  procefs  has  long  been  concealed 
as  much  as  poflible,  but  it  is  known  to  be 
effefted  by  fermenting  the  mofs  or  lichen,  and 
adding  alkalies  and  urine.  The  following  is 
given  as  the  exa£l  procefs. “ • The  lichen  is  firft; 
dried,  cleanfed,  and  reduced  to  powder  in  a 
mill  like  the  oil-mill.  The  powder  is  then 
thrown  into  a trough  with  one  half  its  weight 
of  pearl-afli,  and  moiftened  with  a little  human 
urine,  and  allowed  to  ferment.  This  fermenta- 
tion is  kept  up  for  fome  time  by  fucceflive  ad- 
ditions of  urine  till  the  colour  of  the  materials- 
changes  firft  to  red  and  then  to  blue. 

When  in  this  flate  it  is  mixed  with  a third  of 
its  weight  of  very  good  potaflr,  and  fpread  upon 
deep  wooden  trays  till  dry.  A quantity  of 
:h.  Journ.  4to.  vol.  ii. 


L U N 


LOG  (48 

chalk  is  added  at  laft,  apparently  with  no  other 
object  than  to  increafe  the  weight. 

There  are  feveral  other  kinds  of  mofs  or 
lichen,  wliich  will  afl'ume  by  a fimilar  prepa- 
ration the  rich  colour  of  the  true  archil,  which 
is  a crimfon  tending  to  violet,  and  have  occa- 
fionally  been  employed  for  the  fame  purpofes  in 
dyeing. 

The  colour  of  archil  Is  readily  extracted  by 
water  or  by  alcohol.  The  colour  of  the  watery 
folutlon,  or  of  any  fubftance  dyed  with  it,  foon 
fades  by  expofure  to  air,  and  hence  it  is  ufed 
to  give  a glofs  or  finifli  to  the  deeper  and  more 
permanent  colours.  It  is  much  employed  for 
this  purpofe  in  the  dyeing  of  filk.  Huffs,  and 
• ribbons. 

All  acids  and  falts  with  excefs  of  acid,  fuch 
as  alum  or  tartar,  change  the  natural  violet- 
purple  of  litmus  to  red ; and  this  change  is 
effedbed  fo  readily  and  perfedlly  with  a very 
fmall  degree  of  acidity,  as  to  render  this  colour 
a valuable  teft  to  the  chemift,  to  detecl  the 
prefence  of  uncombined  acids.  Even  the  car- 
bonic acid  in  fo  fmall  a proportion  as  that  in 
which  it  exifts  in  the  breath  (or  about  5 or  6 
per  cent,  of  the  bulk  of  the  air  expired)  may  be 
made  to  change  the  colour  of  litmus  infufion, 
if  a little  of  it  diluted  fo  that  the  purple-blue  is 
fcarcely  vifible,  be  fliaken  in  a phial  containing 
air  expofed  from  the  lungs.  It  is  probable  too 
on  account  of  the  carbonic  acid  from  the  atmo- 
fphere,  that  paper  or  any  thing  elfe  tinged  with 
litmus  reddens  before  the  colour  is  altogether 
loft. 

When  reddened  by  an  acid,  the  blue  is  re- 
ftored  by  an  alkali,  and  thus  litmus  may  be 
made  a teft  both  of  acid  and  of  alkali- 

None  of  the  known  mordants  appear  to  have 
any  efte£l  in  rendering  the  dye  of  archil  lefs 
perifliable,  except  perhaps  the  folution  of  tin, 
but  this  being  always  acid,  alfo  changes  the 
colour,  fo  that  the  fine  purple-blue  is  equally 
loft. 

Marble  foaked  with  litmus  liquor  imbibes  it 
in  fome  days,  and  becomes  beautifully  tinged 
in  this  method,  and  the  colour  will  remain  for 
a confiderable  time  unimpaired. 

LIVER  OF  ANTIMONY.  See  Anti- 

« MONY. 

LIVER  OF  ARSENIC.  See  Arsenic. 
LIVER  OF  SULPHUR.  See  Sulphuret. 

LIXIVIUM.  This  term  fignifies  nearly  the 
fame  as  Ley. 

LOADSTONE.  See  Iron  (Ores  of). 
LOGWOOD,  or  Campeachy  Wood.  Boh 
Fr. 
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The  tree  that  furnifties  this  wood  (the  Ha- 
matoxyliitn  Campechianiim ) grows  to  a very  large 
fize  in  various  parts  of  the  Weft-Indies,  and 
efpecially  on  the  Bay  of  Campeachy  and  along 
the  American  continent,  and  is  iniported  largely 
into  this  country  from  Jamaica  for  the  ufe  of 
the  dyer.  It  ufually  comes  over  in  moderate 
fized  logs,  of  a very  dark  violet-brown  colour, 
very  hard  and  heavy.  Before  it  is  ufed  it  is 
broken  down  or  rafped  in  powerful  mills  into 
fine  chips. 

The  tafte  of  logwood  is  mildly  and  agreeably 
aftringent,  and  when  long  chewed  it  leaves  a 
pleafant  fweetnefs  in  the  mouth.  Both  water 
and  alcohol  take  up  a confiderable  part  of  the 
foluble  portion  of  the  wood  ( alcohol  much 
more  than  water),  and  thereby  become  tinged 
of  a deep  purple-red  or  brown. 

Acids  added  to  the  watery  dcco£lion  turn  it 
yellow,  but  alkalies  give  a very  deep  purple  co- 
lour, but  without  forming  any  precipitate. 

Alum  added  to  the  decodtion  of  logwood 
caufes  a vioiet  precipitate  or  lake,  and  the  fu- 
pernatant  liquor  alfo  remains  violet,  and  gives 
a frefh  portion  of  lake  on  the  affufion  of  an 
alkali. 

The  falts  of  iron  give  an  inky  black  with  all 
the  folutions  of  logwood,  under  the  fiime  cir- 
cumftances  as  with  galls,  as  explained  under 
the  article  Irofi,  W’hence  the  prefence  of  gallic 
acid  in  logwood  is  proved. 

The  folutions  of  tin  form  a very  fine  violet 
or  plumb  colour  lake  with  the  decoAion  of  log- 
wood, and  totally  precipitate  the  colouring  mat- 
ter, fo  that  the  fupernatant  liquor  is  quite  clear 
and  colourlefs.  > 

Logwood  Is  ufed  In  dyeing,  cither  to  give  its 
own  natural  purple  (with  feveral  flrades  or 
variations  according  to  the  mordant  ufed)  or  to 
heighten  and  improve  the  common  black  with 
iron  and  galls.  It  is  found  in  this  latter  me- 
thod to  give  a peculiar  glofs  and  luftre  which 
renders  it  a very  valuable  dyeing  material. 

LUNA  CORNEA  is  that  white  curdy  pre- 
cipitate of  muriat  of  filver  which  takes  place 
when  the  nitrat,  acetat,  or  any  other  foluble 
fait  of  filver  comes  in  ccntaff  with  muriatic 
acid,  either  fingle  or  in  any  foluble  combina- 
tion. See  Silver. 

LUNAR  CAUSTIC  is  nitrat  of  filver  eva- 
porated to  drynefs,  melted  in  a heat  juft  below 
rednefs,  and  immediately  poured  into  moulds, 
by  which  it  is  reduced  to  hard  black  cylinders, 
about  the  fize  of  common  flate-pencils. 

In  this  ftate  it  is  in  frequent  ufe  in  furgcry 
as  one  of  the  beft  catiftics  hitherto  known  for 
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mod  purpofes.  It  differs  from  the  cryftallized 
nitrat  in  having  loft  both  its  water  of  cryllal- 
lization  and  alfo  a imall  portion  of  the  acid. 

LUTE.  See  the  article  Cements  and  Lutes. 

LYMPH.  This  is  generally  underftood  to 
be  a clear  liquid,  tranfparent  and  colourlefs  as 
water,  rvhich  is  found  abundantly,  but  with 
feveral  modifications,  in  various  parts  of  the 
juiimal  body.  It  is  particularly  diftinguifhed  into 


nvatery  and  coagulahli  lymph.  The  former  (of 
which  the  tears  are  an  example)  is  little  elfe  than 
water  holding  in  folution  a very  minute  portion 
of  fait,  and  ftill  lefs  of  animal  matter.  Coagulable 
lymph,  which  is  often  found  in  great  quantity 
and.perfeiftion  in  encyfted  dropfy,  contains  alfo  a 
very  confiderable  portion  of  albumen  fo  as  to  be 
vifcid  to  the  touch,  and  when  heated  to  coagulate 
firmly  like  the  white  of  egg. 
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MACERATION  means  nearly  the  fame  as 

hifiifioti. 

MACLE.  Chiaftolith,  Karjlen.  Made  ba- 
faltique,  Hauy. 

This  mineral  is  compofed  of  two  diftind: 
fubftances,  one  of  which  is  of  a yellowiflr- 
white  or  dirty  grey  colour,  the  other  is  greyifh- 
black  paffmg  to  bluilh -black.  It  occurs  cryf- 
tallized in  the  form  of  quadrilateral  and 
nearly  redangular  prifms.  The  fummit  of 
thefe  prifms  is  always  truncated,  which  gives 
an  opportunity  of  obferving  the  regular  fymme- 
trical  difpofition  of  the  two  fubftances  of  which 
it  is  compofed.  The  white  part  forms  the  ex- 
terior of  the  prifm,  within  which  is  a dark- 
coloured  prifm,  exadly  parallel  to  that  by 
which  it  is  inclofed.  From  each  of  the  angles 
of  the  interior  prifm  there  proceeds  a black 
line  or  thread  bifefting  the  correfponding 
angle  of  the  white  prifm ; fometimes  alfo  at  the 
extremity  of  thefe  lines,  and  confequently  ad- 
joining the  four  angles  of  the  exterior  prifm, 
are  formed  as  many  very  thin  black  prifms:  the 
black  part  is  ufually  the  moft  abundant.  The 
cryftals  are  fmall  or  middle-fized,  much  elon- 
gated, and  always  imbedded.  The  white  part 
is  externally  gliftening;  internally  poffeffes  a 
flight  greafy  luftre  •,  the  black  part  is  at  moft 
flightly  glimmering.  The  fradure  of  the  white 
part  is  lamellar,  often  imperfedly  fo,  in  two 
diredions  parallel  to  the  faces  of  the  prifm. 
That  of  the  black  part  is  earthy.  Both  the  one 
and  the  other  are  fomewhat  unduous  to  the 
touch.  It  gives  a white  powder ; is  foft,  paff- 
inn;  to  moderately  hard,  and  not  very  brittle. 
Sp.  gr.  2.94. 

On  expofure  to  the  blowpipe  the  white  part 
of  the  made  gives  a white  fcoria,  and  the  black 
part  a black  glafs. 

The  moft  perfed  fpecimens  occur  in  France, 
near  St.  Brieux  in  Brittany,  imbedded  in  argil- 
laceous fchiftus.  It  is  alfo  found  near  Bareges 
in  the  Pyrennees,  alfo  im.bedded  in  primitive 


argillaceous  fchiftus : fpecimens  are  alfo  to  be 
met  with  at  San  Jago  of  Compoftella. 

MADDER.  La  Garance^  Fr.  ^ 

The  plant  which  furnifties  this  moft  valuable 
material  in  the  art  of  dyeing  [Rubia  Tinctorumy 
Linn.)  grows  wild  in  moft  parts  of  the  South  of 
Europe,  and  in  many  parts  of  the  Levant,  and 
is  cultivated  very  largely  in  the  more  northern 
counties,  particularly  in  Holland,  in  the  pro- 
vince of  Zeeland,  which  has  long  been  cele- 
brated for  producing  this  article  in  very  great 
perfedion.  The  madder  plant  grow'S  to  about 
three  feet  in  height,  and  has  a large  long 
fpreading  fibrous  root  of  a very  deep  red  colour, 
which  is  the  part  ufed  in  dyeing. 

The  Levantinemadder  [caWcAIAzarl  oxAzala") 
has  fomewhat  of  a higher  and  finer  colour  than 
the  Dutch,  but  the  latter  is  prepared  with  more 
ca.ie  in  the  fubfequent  drying  and  forting. 

The  madder  roots  as  foon  qs  they  are  ga- 
thered are  thus  prepared  in  Holland.  They 
are  firft  put  under  a fhed,  or  granary,  or  other 
(heltered  place,  where  they  remain  In  a free 
current  of  air  for  ten  or  twelve  days  till  they 
are  quite  pliable,  and  till  on  fqueezing  them  no 
juice  can  be  preffed  out.  The  drying  is  then 
haftened  by  removing  them  either  into  a com- 
mon oven  w'here  the  heat  is  flack,  when  the 
quantity  of  madder  Is  but  fmall,  or  elfe  into 
large  ftoved  rooms  built  for  the  purpofe,  and 
heated  with  turf,  with  a large  opening  for  the 
free  exit  of  all  the  vapours  within.  Much  care 
and  very  nice  manipulation  feems  requifite  to 
perform  this  procefs  in  its  utmoft''perfe£Hon. 
When  the  roots  are  quite  hard  and  brittle  they 
are  laid  on  a threflilng  floor  and  flightly  beaten 
with  the  flail  to  feparate  the  dirt  and  outer  thin 
fldn,  after  which  they  are  ground  in  a mill  and 
the  powder  fifted,  forted,  and  packed  carefully 
in  large  barrels,  in  w’hich'  ftate  it  is  exported, 
and  ufed  by  the  dyers. 

The' method  pradlifed  in  Turkey  and  Perfia 
to  prepare  the  madder  ufed  in  the  beautiful 


* Encytl  Art.  Garancc.  N;  Di<S.  d’Hiftoirc  Niiturelle. 
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Advianople  red  (defcribed  under  the  article 
Dyeing),  is  ftated  by  Althen,  an  eye-witnefs  to 
be  the  following  : for  every  hundred  weight  of 
the  frefh  root  a fteeping  liquor  is  prepared  of 
two  pounds  of  bran,  and  one  pound  of  honey 
and  alum  in  four  gallons  of  water.  The  roots 
well  wafhed  and  cleaned  are  then  foaked  with 
this  liquor  for  two  or  three  days,  after  which 
they  are  dried  firft  under  cover,  and  laftly  in 
the  fun.  They  are  then  ground  and  fifted,  the 
powder  the  laft  produced  in  the  mill  being  of 
the  bell  quality. 

Good  madder  has  a ftrong  fmell,  fomewhat 
refembling  liquorice  root.  The  powder  fhould 
feel  fomewhat  greafy,  and  clot  together  under 
the  fingers,  not  dry  and  harfti.  The  root  con- 
fifts  vifibly  of  three  parts.  The  firll  is  an  ex- 
ternal thin  cuticle  or  Ikin  which  is  of  no  ufe, 
and  is  rubbed  off  along  with  the  adhering  dirt 
by  the  flail.  This  fliews  a thicker  bark  or  cor- 
tical part,  and  within  is  the  woody  portion. 
Both  of  thefe  are  of  a high  red,  but  particularly 
the  bark,  and  both  are  intermixed  with  many 
yellow  or  fawn  coloured  particles,  which  obvi- 
oufly  injure  the  fine  red  colour,  but  no  means 
have  yet  been  found  of  feparating  them  in  the 
root,  and  they  are  undiflinguifhably  mixed  in 
the  grinding.  When  the  colour  is  extra£led 
in  the  dyeing  vat  the  red  part  is  found  to  be  folu- 
ble  to  a much  lefs  extent  in  water  than  the  yel- 
low, and  alfo  is  lefs  readily  extracled,  and  hence 
the  beauty  of  the  red  is  injured  by  long  boiling 
or  by  'ufing  too  large  a quantity  of  the  root. 

Maddei  in  the  ftate  ufed  by  the  dyers  is  an 
orange -brown  powder,  which  is  very  liable  to 
grow  damp, and  fpoil  by  keeping  in  a moift  place. 
In  addition  to  what  has  already  been  mentioned 
on  the  ufe  of  this  fubftance  in  dyeing,  {See 
Vol.  i.  p,  378)  the  following  experiments  by  Mr. 
Watt  may  be  mentioned,  as  giving  fome  infor- 
mation as  to  its  chemical  properties.*’ 

The  bell  Zealand  madder  felefled  for  this 
purpofe  was  of  an  orange-brown  colour,  and  in 
moderately  fine  powder.  With  water  it  gave 
an  orange-red  infufion,  by  maceration  either 
with  or  without  heat,  but  in  the  latter  cafe  the 
colour  was  finer.  By  flow  evaporation  of  the 
infufion  or  decodlion  in  a fliallow  veflel  a pel- 
licle gradually  forms  and  finks  to  the  bottom, 
and  is  replaced  by  others  fucceffively.  The 
extract  when  nearly  dry  is  of  a dingy-brown, 
and  is  only  in  part  again  foluble  in  water. 

Alum  added  to  the  infufion  gives  a precipi- 
tate of  a very  deep  brown-red,  and  the  fuperna- 
tant  liquor  afliimes  a brownifli-yellow  tinge. 


The  alkaline  carbonats  added  to  this  fuperna- 
tant  liquor  give  a blood-red  lake,  mifcible  with 
oils,  but  far  diftant  from  the  beauty  of  the  co- 
chineal lake.  If  an  excefs  of  alkali  is  ufed  the 
precipitate  is  redilfolved,  and  the  liquor  be- 
comes red.  Soda  does  not  give  fo  fine  a 
colour  as  potafh.  Lime  precipitates  a dull 
brown-red  lake,  without  beauty. 

The  acids  added  to  all  madder  infufions  turn 
it  yellow,  but  form  no  precipitate.  The  natu- 
ral colour  is  again  reftored  by  alkalies. 

Carbonat  of  magnefia  added  to  the  water  in 
which  madder  is  infufed  turns  it  of  a clear 
blood-red  colour,  which,  how’^ever,  when  fpread 
upon  paper,  becomes  yellow  by  the  fun's  rays. 

Different  metallic  folutions  produce  the  fol- 
lowing effects : acetite  of  lead  added  to  the 
infufion  of  madder  in  water  gives  a brownifii- 
red  precipitate : nitrat  of  mercury  a purple 
brown : fulphat  of  iron  a beautiful  clear 

brown : and  fulphat  of  manganefe  alfo  a pur— 
plifh  brown.  The  folutious  of  tin,  as  Berthol- 
let  obferves,  produce  a lake  void  of  brilliance  or 
beauty,  owing,  as  this  chemifl:  conjedlures,  to 
the  precipitation  of  the  yellow  as  well  as  the 
red  particles  of  madder,  fo  that  this  metal, 
which  is  of  fo  much  ufe  in  heightening  the 
beauty  of  cochineal  can  hardly  be  ufed  witlxi 
any  advantage  for  madder- 

An  improvement  in  the  method  of  extradling’ 
the  red  of  madder  for  lakes  has  been  publifiied- 
by  Sir  H.  Englefield,  for  which  the  gold 
medal  of  the  Society  for  the  Encouragement  of 
Arts  was  given  to  the  inventor.'’  It  is  founded 
en  the  difeovery  that  the  red  colouring  part  is. 
fcarcely  foluble  in  cold  water,  but  in  the  com- 
mon method  of  extraction  is  chiefly  fufpended 
by  means  of  the  mucilage  of  the  root.  The 
principal  procefs  is  the  following.  Inclofe  two 
ounces  (ti'oy  weight)  of  the  fineft  Dutch  mad- 
der, known  in  commerce  by  the  name  of  crop 
madder,  in  a bag  capable  of  containing  three  or- 
four  times  that  quantity  made  of  ftrong  and 
fine  calico.  Put  it  into  a large  marble  mortar, 
and  pour  on  it  a pint  of  foft  river  water,  prelT- 
ing  the  bag  in  every  direction,  and  rubbing  it 
as  much  as  may  be  without  danger  of  burfting. 
The  water  will  foon  become  quite  opake,  and 
loaded  with  colouring  matter.  Pour  off  the 
water,  and  add  another  frefh  pint  of  water,  tri- 
turating it  with  the  madder  as  before,  and 
repeat  the  operation  till  the  water,  the  laft 
added,  comes  off  but  flightly  tinged.  About 
five  pints  will  be  required  to  exhauft  the  colour, 
after  which  the  root  if  taken  out  and  dried  will 


‘ BfrthoUet  Eleni.  de  Teinture,  Vol.  ii.  • TranfaiS.  of  the  Society,  &c.  Vol.  p.  141. 
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be  found  to  have  loft  weight,  and  with 

it  its  peculiar  fmell,  and  the  colour  will  be  a 
light  nankeen  or  cinnamon. 

The  water  loaded  with  the  colouring  matter 
muft  then  be  put  into  an  earthen  or  well  tinned 
copper  veflel  (not  iron)  and  heated  till  it  juft 
boils.  Then  pour  it  into  a large  bafon,  and 
add  an  ounce  of  alum  diflblved  in  a pint  of  hot 
foft  water,  ftirring  the  mixture  carefully.  Then 
add  about  i|  ounce  of  a faturated  folution  of 
carbonat  of  potalh,  which  will  excite  an  imme- 
diate effervefcence,  and  a fubfequent  precipi- 
tation of  a coloured  lake.  After  ftanding  till 
cold  the  lake  is  to  be  colle£fed,  well  waflied 
with  repeated  quantities  of  warm  water  and 
gently  dried.  It  will  be  then  found  to  weigh 
about  half  an  ounce,  or  a fourth  part  of  the 
madder  employed. 

The  above  madder  lake,  which  is  very  beau- 
tiful, is  found  by  analyfis  to  confift  of  more 
tiian  40  per  cent,  of  alumine.  The  reft  is  the 
colouring  matter  of  the  madder. 

If  the  alum  folution  and  the  madder  infufion, 
alone  without  the  alkali,  be  fuffered  to  ftand 
for  a while  a dull-red  lake  will  equally  precipi- 
tate, and  the  clear  liquor  will  afterwards  yield 
a beautiful  ooze-red  lake  by  alkali,  but  want- 
ing fufficient  body  of  colour. 

A lake  equally  good  with  the  firft  mentioned, 
but  of  a lighter  colour,  will  be  afforded  by  pre- 
vioufly  allowing  the  madder  and  cold  water  to 
ftand  for  a few  days  in  a moderately  warm 
place,  whereby  a flight  fermentation  will  be 
induced,  and  a portion  of  the  mucilage  of  the 
root  deftroyed.  The  procefs  is  then  to  be  con- 
tinued as  before. 

The  fame  ingenious  experiments  alfo  fuc- 
ceeded  very  perfe£Uy  in  obtaining  a ftill  more 
beautiful  and  equally  durable  lake,  from  the 
frelh  madder  root  imported  fi'om  Holland, 
packed  up  in  mofs. 

MADREPOR.STE1N.  Madreporite,  Hauy. 

Its  colour  is  greyifli-black,  or  alh-grey.  It 
occurs  in  rounded  maffes  from  twenty  to  thirty 
pounds  weight.  It  is  compofed  of  cylindrical 
prifmatic  diftin£l  concretions,  either  parallel  or 
in  diverging  bundles.  The  furface  of  thefe 
concretions  ,is  dull ; their  crofs  fra£ture  pre- 
fents  a concavity  or  convexity  of  a fhining 
black,  of  which  the  luftre  varies  from  greafy  to 
filky ; the  longitudinal  fradlure  is  radiated  and 
dull.  It  is  opake,  moderately  hard,  paffing  to 
foft,  eaflly  frangible.  It  gives  a grey  powder. 

It  diffolves  with  effervefcence  in  nitric  acid, 
and  contains,  according  to  an  analyfis  by  M. 
SchroU, 


63  Carbonated  lime 

10  Alumine 
13  Silex 
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This  mineral  was  found  by  the  Baron  MoTl 
in  the  valley  of  Riifbach,  in  Saltzburg,  in  de- 
tached maffes.  It  feems  nearly  akin  to  the 
moft  recent  fecondary  limeftone.  Its  name  is 
derived  from  the  refemblance  in  the  difpofition 
of  the  prifms  of  which  it  is  compofed  to  thofe 
of  certain  llthophytes.  Some  naturalifts  have 
fuppofed  It  to  be  a real  petrifaction,  but  appa- 
rently without  much  reafon,  as  its  intrenal 
ftruCture  is  wholly  different  from  that  of  the 
acknowledged  petrifactions  of  this  clafs. 

M AGISTER Y.  This  term  appears  to  have 
been  formerly  nearly  fynonimous  with  Precipi- 
tatey  but  it  is  now  almoft  difufed,  except  in  one 
or  two  combinations,  fuch  as 

Magiflery  of  Bifmuth,  which  is  the  white 
oxyd  of  this  metal  precipitated  from  the  nitrous 
folution  by  the  addition  of  water. 

Magiflery  of  Sulphury  which  is  fulphur  preci- 
pitated from  its  alkaline  folution  by  an  acid. 

MAGNESIA  NIGRA  or  MANGANESE, 
which  fee. 

MAGNESIA  ALBA,  the  earth  Magnefa. 
Magnefte  Fr.  Bitterfalzerdey  Germ. 

This  earth  is  procured  pure,  either  by  adding 
potafh  or  foda  to  any  acid  folution  of  magnefia, 
or,  more  readily,  by  calcining  the  dry  carbonat 
of  magnefia  in  a full  red  heat  for  about  half  an 
hour  till  it  gives  no  effervefcence  with  acids. 

The  method  of  procuring  the  Carbonat  of 
Magnefa  has  been  deferibed  under  that  article. 
The  common  carbonat  lofes  by  complete  calci- 
nation about  55  per  cent,  of  its  weight,  of 
which  about  34  parts  are  carbonic  acid  and  21 
are  water.  It  {brinks  by  the  procefs  to  a very 
fmall  part  of  its  original  bulk. 

Pure  magnefia  is  a light  earth  of  a pure  and 
perfeft  whitenefs,  and  abfolutely  infipld,  though 
as  commonly  prepared  it  contains  a.  fmall  por- 
tion of  lime,  to  which  it  owes  the  flightly  acrid 
tafte  which  it  pofleffes.  It  does  not  give  out  any 
heat  with  water,  as  lime  does,  nor  is  it  fen- 
fibly  diflblved  therein.  When  expofed  to  the  air 
it  does  not  fock  or  regain . the  carbonic  acid 
which  It  had  loft  by  calcination,  in  which  re- 
fpecSl  alfo  it  remarkably  differs  from  lime.  It 
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readily  changes  the  blue  of  violets  to  green,  as 
the  alkalies  do,  and  hence  magnefia  has  been 
reckoned  to  be  one  of  the  alkaline  earths.  When 
ftrongly  heated  it  becomes  phofphorefcent. 

Magnefia  readily  unites  with  fulphur,  but 
more  feebly  than  the  other  alkaline  earths. 
This  combination,  when  difibivcd  in  water, 
forms  a yellow  liquor  the  hydrofulphuret  of  mag- 
vejta.  (See  the  Article  Sulphuret.) 

All  the  acids  diflblve  magnefia,  forming  falts 
moftly  very  bitter  and  deliquefcent,  and  very  folu- 
ble  in  water.  The  fixed  alkalies  decompofe  thefe 
falts  totally,  but  ammonia  only  partially  fepa- 
rates  the  earth,  forming  with  the  remainder  a 
triple  foluble  fait  compofed  of  ammonia,  mag- 
nefia, and  the  acid  which  held  it  in  folution. 

The  feparation  of  magnefia  from  alumine  in 
chemical  analyfis  is  attended  with  fome  peculiar 
difficulties,  defcribed  under  the  article  Alu- 
mine. They  appear  to  depend  on  a ftrong 
affinity  between  thefe  earths,  which  modifies 
and  alters  the  ufual  modes  in  which  they 
are  adfed  on  by  the  different  chemical  agents 
when  feparate. 

Magnefia  is  perfectly  Infufible  by  itfelf,  the 
heat  even  of  oxygen  gas  from  the  blow-pipe 
only  producing  a flight  induration.  In  earthy 
compounds  magnefia  appears  to  have  very  little 
effeft  in  promoting  fufion  as  the  other  alkaline 
earths  have,  but  rather  the  contrary,  fo  that  the 
magnefian  earths  are  found  a valuable  ingredient 
in  the  compofition  of  the  fineft  porcelain,  which 
will  bear  a mofl.  intenfe  heat  without  a£lual 
fufion. 

The  combinations  of  magnefia  with  the  dif- 
ferent acids  will  be  found  under  the  refpe£Hve 
acids. 

The  affinities  of  magnefia  are  in  the  follow- 
ing order,  the  oxalic,  phofphoric,  fulphuric, 
fluoric,  arfenic,  nitric,  muriatic,  tartaric,  citric, 
ladlic,  benzoic,  acetic,  boracic,  fulphureous, 
carbonic,  and  pruffic  acids. 

MAGNESIA  NATIVE.  Naturliche  Tal- 
kerde,  Wern.  Magnefie  native,  Broch. 

Its  colour  is  yellowiffi-grey,  with  fpots  and 
dendritic  delineations  of  blackifli-brown.  It 
occurs  in  mafs,  tuberous  or  carious.  Internally 
it  is  dull.  Its  fraftirre  in  the  great  is  rather 
krge  and  flat  conchoidal,  in  the  fmall  it  is 
fplintery.  Its  fragments  are  Indeterminate 
(harp-edged.  It  is  opake,  fo.^t,  and  eafy  fran- 
gible. It  is  fomewhat  un£luous  to  the  touch, 
adheres  a little  to  the  tongue,  and  is  moderately 
heavy.  * 

According  to  an  analyfis  by  Dr.  Mitchel  and 
Prof.  Lampadius  it  confilts  of. 


51  Carbonic  acid 
47.4  Magnefia 

A trace  of  iron 

9^-4 

It  has  hitherto  been  found  only  at  Raub- 
fehiitz  in  Moravia,  where  it  occurs  in  ferpen- 
tine,  accompanied  by  Meerfehaum. 

MAGNpSIA  OPALINA  is  a preparation  of 
Antimony.  (See  this  Article,  p.  87.) 

MAGNESIA  VITRIOLATA.  See  SuL- 
PHAT  of  Magnefta. 

MALACHITE.  See  Copper  (Ores  of.) 

MALACOLITE.  Malacolith,  Wern.  Sah- 
lite,  D' Andrada. 

Its  colour  is  greyiffi-green,  paffmg  to  pale 
leek  green.  It  occurs  in  mafs ; alfo  cryffallized 
in  fix-fided  prifms,  with  truncatures  on  two 
oppofite  edges.  It  is  (lightly  gliftening  with  a 
waxy  luftre.  Its  longitudinal. frafturc  is  lamel- 
lar in  three  dire£tion^.  It  is  tranflucent  on  the 
edges,  fcratches  glafs  with  difficulty,  and  is  very 
foft  to  the  touch,  (whence  its  name.)  Sp. 

Before  the  blow-pipe,  according  to  Lellevre, 
It  is  fufible  into  a fpungy  glafs,  but  according 
to  D’Andrada,  it  is  infufible.  It  has  been  ana- 
lyfed  by  Vauquelin,  and  appears  to  contain 
53  Silex 
20  Lime 
19  Magnefia 

3 Alumine 
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This  mineral  was  firfl:  met  with  in  Sweden, 
in  the  filver-mines  of  Sahla  in  VVeffermanland; 
it  has  fince  been  found  at  Buoen,  near  Auen  in 
Norway.  There  appears  to  be  a (Long  ana- 
logy in  many  refpedls  between  malacolite  and 
augite. 

MALIC  ACID,  or  Acid  of  Apples.  Apfel- 
faure.  Germ. 

This  acid  was  firfl;  difeovered  by  Scheele,  in 
the  juice  of  unripe  apples,  who  gave  it  thence 
the  name  of  Malic  Acid  or  Acid  of  Apples.  In 
this  fruit  it  is  mixed  with  mucilage  and  many 
other  fubftances,  from  which  it  is  feparable  by 
the  following  method  indicated  by  this  illuflri- 
ous  chemift.  Bruife  the  fruit  in  a mortar  and 
fqueeze  out  the  juice  ; ftrain  it  through  a cloth, 
faturate  it  with  potafli,  and  pour  into  the  liquor 
a folution  of  acetited  lead.  A white  infoluble 
fait,  the  malat  of  lead,  falls  down  which  muff 
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be  collected  and  waflied  with  cold  water. 
Then  add  to  it  fufficient  dilute  fulphuric  acid, 
to  difplace  the  malic  from  the  oxyd  of  leadj 
infoluble  fulphat  of  lead  will  be  left  at  the 
bottom,  and  the  fupernatant  liquor  will  be  the 
pure  malic  acid  in  a liquid  ftate,  which  is  the 
only  ftate  in  which  it  can  be  exhibited,  as  it  is 
uncryftallizable,  and  cannot  be  evaporated  to 
drynefs  without  decompofition.  The  precile 
quantity  of  fulphuric  acid  neceflary  to  be  added 
may  be  afcertained  in  the  following  manner : 
continue  to  pour  in  this  acid  by  degrees,  and 
with  frequent  ftirring,  till  the  liquor  lofes  the 
fweet  tafte  of  lead,  and  is  purely  acid  : and  on 
the  other  hand  to  detedb  any  excefs  of  fulphuric 
acid  add  a few  drops  of  acetited  lead  to  a 
drop  or  two  of  the  liquid,  which  will  form  a 
precipitate  in  any  cafe,  but  if  fulphuric  acid  be 
prefent  the  precipitate  will  not  rediflblve  in 
dilute  nitric  acid,  though  it  will  eafily  diflblve 
if  only  malic  acid  be  contained  in  it.. 

Malic  acid  has  alfo  been  found  by  Vauque- 
lin  to  be  abundantly  contained  in  the  native 
juices  of  feveral  fucculent  vegetables,  partly  un- 
combined, but  chiefly  united  with  lime,  and  the 
malat  of  lime  is  held  in  foluti'on  by  an  excels 
of  its  own  acid,  this  calcareous  fait  being 
readily  foluble  in  moft  acids  that  do  not  de- 
compofe  it,  though  without  this,  it  remains  but 
little  foluble  in  water. 

The  indications  by  which  this  fait  is  dete£led. 
in  vegetable  juices  are  fo  accurately  given  by 
Vauquelin  that  we  fliall  here  infert  them.* 
Thefe  juices  are  always  fenfibly  acidulous  fo  as 
to  redden  litmus  paper  : they  give  a copious 
precipitate  by  the  carbonated  or  pure  alkalies, 
and  by  oxalat  of  ammonia;  fulphuric  acid 
when  added  forms  an  immediate  depofit  of  ful- 
phat of  lime : lime-water  alio  gives  a precipi- 
tate, by  neutralizing  the  excefs  of  malic  acid; 
hence  not  only  the  newly  formed  malat  of  lime 
is  depofited,  but  alfo  the  portion  which  in  the 
natural  juice  was  held  in  folution  by  excefs  of 
acid:  laltly  acetited  lead  gives  an  abundant  light 
flocculent  precipitate,  which  is  eafily  redilfolved 
by  acetous  acid.  This  folubility  of  the  malat 
of  lead,  in  a weak  acid,  lb  much  exceeds  that 
of  the  lulphat,  or  even  muriat  of  this  metal 
(which  are,  rigoroufly  fpeaking,  fomewhat  fo- 
luble in  acetous  acid)  that  this  teft  will  eafilv 
diftinguifh  the  malic  fait.  There  is  more  diffi- 
culty in  drawing  any  fatisfaclory  inference  from 
it  when  certain  other  vegetable  acids  are  pre- 
fent, fuch  as  the  citric,  tartareous,  and  oxalic 
acids,  all  qf  which,  as  well  as  the  malic  acid. 


form  a copious  precipitate  with  acetite  of  lead, 
which  precipitate  is  again  foluble  by  any  weak 
acid,  nor  does  there  appear  any  very  fatisfadlory 
way  of  immediately  deciding  which  of  thele 
vegetable  acids  is  prefent,  except  that  the  malat 
of  lead  is  much  more  readily  foluble,  and  be- 
fides  is  light  and  flocculent,  whereas  the  other 
falts  of  this  metal  are  heavy,  and  curdled  in 
appearance.  When  each  acid  is.  left  naked, 
alter  decompofition  of  the  faturnine  fait  by  ful- 
phuric acid,  the  malic  acid  is  then  dilllnguifli- 
able  from  the  above-mentioned  vegetable  acids 
by  remaining  entirely  uncryftallizable. 

Another  ufeful  teft  of  the  prefence  of  malat 
of  lime  in  native  vegetable  juices,  is  furniftied* 
by  the  addition  of  alcohol,  which,  when  this 
fait  is  prefent,  feparates  it  in  the  form  of  a' 
white  homogeneous  foft  magma,  refembling  a 
thick  foup.  When  thefe  juices  are  evaporated 
to  drynefs,  they  leave  a yellow  glolfy  matter 
like  gum  arable,  which  affords  a large  quantity 
of  carbonat  of  lime  by  Incineration. 

The  malic  acid  is  often  found  mixed  with 
other  acids,  particularly  the  citric.  In  the  four 
juices  of  fruits.  To  feparate  them,  Schcele 
evaporates  the  juice  to  the  confiftcnce  of  honey, 
and  adds  alcohol,  which  diflblves  the  two  acids, 
and  leaves  a great  quantity  of  gummy  mucilage. 
The  alcoholic  folution  is  then  evaporated  to 
drive  off  the  fpirit,  and  the  remaining  liquor 
nearly  faturated  with  chalk,  which  forms  both 
a malat  and  a citrat  of  lime,  the  latter  of  which 
by  further  evaporation  is  almoft  entirely  depo- 
fited, whilft  the  former  remains  moftly  in  the 
clear  liquor.  The  liquor  is  then  mixed  with 
alcohol  (which  will  not  take  up  the  malat  of 
lime,  though  it  diflblves  the  pure  acid),  whereby 
the  calcareous  malat  is  feparated  in  the  ftate  of 
a white  flocculent  mafs  from  a fugary  matter, 
which  the  alcohol  diflblves ; and  the  malat  of 
lime,  now  pure,  is  decompofed  by  acetited  lead, 
and  malat  of  lead  is  produced,  whence  the  malic 
acid  is  obtained  feparate  by  means  of  the  dilute 
fulphuric  In  the  way  already  mentioned. 

The  malic  acid,  befides  being  found  native,, 
is  alfo  produced  during  the  aftion  of  nitric  acid 
on  fugar,  in  the  way  deferibed  under  the  article 
Oxalic  Acid,  which  latter  alfo  is  obtained  in 
the  procefs.  The  oxalic  acid  is  cryftallizable,  and 
may  be  thus  moftly  feparated.  The  liquid  refi- 
due  is  malic  acid  mixed  with  any  nitric  acid 
which  may  have  efcaped  decompofition.  A 
further  treatment  witli  frefh  nitric  acid  pro- 
duces a frefti  crop  of  cryftals  of  oxalic  acid, 
whence  it  is  probable  that  the  malic  acid  is  thif  - 
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firft  product  of  fugar  when  a£fed  on  by 
nitric  acid,  and  diiFers  from  the  oxalic  either 
in  being  lefs  oxygenated,  or  perhaps  from 
being  combined  with  a quantity  of  fugar  yet 
unaltered,  to  which  its  uncryftallizable  nature 
may  be  owing. 

The  malic  acid,  in  this  cafe,  may  be  feparated 
with  tolerable  accuracy  from  the  oxalic  and  nitric 
in  the  following  way  : add  lime-water  as  long  as 
any  precipitate  takes  place,  which  will  be  chiefly 
oxalat  of  lime,  and  thus  nearly  all  the  oxalic 
ticid  will  be  feparated : then  faturate  the  clear 
Tquor  with  chalk,  which  will  therefore  produce 
the  nitrat  and  malat  of  lime : add  alcohol,  which 
will  diflblve  the  nitrat  of  lime  and  a faccharine 
matter  exifting  in  the  liquor,  and  the  malat  of 
lime  remaining  may  then  be  further  treated 
with  acetited  lead  and  fulphuric  acid,  as  above 
defcribed. 

Or  if  the  mother-Equor  remaining  after  the 
oxalic  acid  has  firft  been  feparated  by  cryftalliza- 
tion  be  expofed  to  a moderate  froft,  the  watery 
part  alone  will  congeal,  after  which  an  intenfe 
artificial  cold  of  about  7°  will  caufe  the  malic  acid 
to  cryftallize,*  and  thefe  cryftals  being  picked 
out  and  fet  to  drain  will  foon  again  liquefy  as 
^e  temperature  rifes,  and  the  liquor  will  be 
malic  acid  in  very  great  purity. 

The  pure  malic  acid  has  been  but  little  exa- 
mined. It  is  uncryftallizable  except  in  intenfe 
cold  as  juft  mentioned,  but  when  flowly  dried 
it  forms  a fort  of  glutinous  varnifti  on  the  veflel 
that  contains  it.  It  cannot  be  kept  for  any 
length  of  time,  as  it  foon  ferments,  and  new 
produ£ls,  chiefly  acetous  and  carbonic  acids,  are 
generated. 

The  combinations  of  this  acid  with  the  alka- 
line earthy  and  metallic  bafes,  or  the  malats, 
have  been  fcarcely  examined,  except  the  malats 
of  lime,  and  of  lead,  which  are  fo  nearly  con- 
cerned in  the  extra£lion  and  analyfis  of  this 
acid.  Of  the  properties  of  thefe  falts  nothing 
more  need  be  added  to  what  has  been  already 
mentioned.  The  malic  acid  precipitates  the 
nitrats  of  mercury,  lead,  and  filver,*'  in  which 
it  differs  from  the  citric  acid.  The  malic  acid 
forms  with  magnefia  a very  deliquefcent  fait 
readily  foluble  in  alcohol,  whereas  with  alumine 
it  gives  a fait  almoft  infoluble  in  water  or  alco- 
hol, and  Mr.  Chenevix  has  therefore  fuggefted 
the  ufe  of  this  acid  to  perform  the  very  difficult 
operation  of  feparating  thefe  two  earths.  (See 
AJ-UMINE.) 

The  malic  acid  is  not  applied  to  any  ufe. 

MALTHA.  See  Bitomen< 
MANDELSTEIN.  See  Trap. 


MANGANESE.  Matiganefe,  Fr.  Braufl- 
Jlebi,  Germ.  Manganejnim.  Magtiejla  nigra. 

Manganefe  is  a metal  of  an  iron-grey  colour, 
brittle,  and  eafily  oxydable  on  expofure  to  the 
air.  When  in  the  ftate  of  black  oxyd  it  com- 
municates to  borax  a red  tinge,  which  is  de- 
ftroyed  by  the  internal  blue  flame  of  the  blow- 
pipe, but  is  reftored  by  the  external  flame  or  the 
addition  of  nitre. 

§.  I.  Om  of  Manganefe.*- 

Sp.  I.  Grey  Manganefe. 

Of  this  there  are  reckoned  the  four  following 
fubfpecies. 

I.  Sub/p.  Radiated  grey  manganefe.  Strah- 
liges  grau  braunjleinerzy  Wern.  Manganefe 
gris  rapnne,  Broch. 

Its  colour  is  fteel-grey  paffing  to  iron-black. 
It  occurs  in  mafs,  dilleminated,  or  cryftallized 
in  rhomboidal  prifms,  the  alternate  angles  of 
which  are  about  100°  and  80°,  which  prifms 
are  again  divifible  in  the  direftion  of  the  fhort 
diagonal  of  the  bafes.  Sometimes  the  prifm 
is  terminated  by  dihedral  or  tetrahedral  fum- 
mits,  or  the  fides  of  the  prifm  itfelf  are  trunc- 
ated or  bevilled. 

This  mineral  alfo  occurs  in  the  form  of  acicu- 
lar  cryftals,  either  diverging,  radiated,  or  inter- 
laced. The  furface  of  the  cryftals  is  longi- 
tudinally ftreaked  and  bright  ffiining.  Inter- 
nally it  is  gliftening  or  ftiining  with  a metallic 
luftre.  Its  fra£Iure  is  ftrait  and  ufually  fine 
ftriated,  more  or  lefs  divergent.  Its  fragments 
are  wedge-ffiaped  and  fplintery.  It  occurs  in 
lengthened  coarfe  granular  diftin£l:  concretions. 
Its  ftreak  is  black  and  dull.  It  marks  ftrongly 
when  rubbed ; is  foft,  brittle,  and  eafily  fran- 
gible. Sp.  gr.  3.7  to  4.7. 

A fpecimen  of  this  mineral  in  large  rhom- 
boidal prifms,  from  Ilefield  in  the  Hartz,  wa# 
analyzed  by  Klaproth,^  and  afforded 

90.5  Brown  oxyd  of  manganefe 
2.25  Oxygen  gas 
7.  Water 


99-75 
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Lofs 


100.00 

Another  fpecimen  from  Moravia  in  fliort  di- 
verging acicular  cryftals  gave 

89.  Brown  oxyd  of  manganefe 
10.25  Oxygen  gas 
0.5  Water 


99-75 


• Orij.  Comraunic.  ‘ Fourcroy.  • Emmerling,  Havy,  Bro(.hiUit;  Kirwan,  Jatnefon.  ‘ Aoalyt.  Eff.  II,  p.  *4^. 
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It  occurs  in  veins  in  porphyry  accompanied 
by  heavy  fpar,  calcareous  fpar,  and  iron  ochre. 

It  is  found  in  England  in  the  counties  of 
Cornwall,  Devon,  Somerfet,  and  Derby  j in 
Aberdeenlhirc,  in  Scotland  ; in  Saxony,  Bohe- 
mia, Moravia,  and  Silefia,  in  Germany ; in 
Switzerland,  the  North  of  Italy,  and  France, 

2.  Subfp.  Foliated  grey  manganefe.  Bl'dt- 
triges  grati  hraunfleinerzy . W ern.  Manganefe  gris 
lamelleux,  Broch. 

Its  colour  is  the  fame  as  the  preceding.  It 
occurs  in  mafs,  dilTeminated,  or  cryftallized  in 
reftangular  tables,  which  are  often  very  fmall, 
and  difficultly  determinable.  Its  frafture  is 
foliated  and  delicately  ftreaked.  It  is  more 
eafily  frangible  than  the  preceding  fubfpecies, 
of  which  however  it  feems  to  be  merely  a vari- 
ety. It  occurs  in  Devonffiire,  at  Ilefield  in  the 
Hartz,  Saxony,  Bohemia,  &c. 

3.  Subfp.  Compaft  grey  manganefe.  Dichter 
grau  braunjleinerzy  Wern.  Manganefe  gris  com- 
paEtiy  Broch. 

Its  colour  is  fteel-grey  paffing  into  iron-black. 
It  occurs  in  mafs,  dilTeminated,  in  angular 
fragments,  botryoidal,  reniform,  carious,  fta- 
laftitic,  or  tubercular.  Its  external  luftre  is 
cafual ; internally  it  is  gliftening,  metallic  : its 
fradlure  is  even,  ftat-conchoidaly  or  fine-grained 
uneven.  Its  fragments  are  indeterminate  blunt- 
edged.  It  fometimes  prefents  thick  curved 
lamellar  diftin£l;  concretions.  It  varies  con- 
fiderably  in  hardnefs,  and  equally  fo  in  its 
ftreak,  that  of  the  harder  varieties  having  a 
metallic  luftre,  but  that  of  the  others  being  dull. 
It  is  brittle  and  eafily  frangible..  Sp.  gr.  3.7  to 
4-I- 

The  manganefe  of  Romaneche  in  France, 
firft  defcribed  by  Dblomieu,  belongs  to  this  fub- 
fpecies ; it  is  hard  enough  to  fcratch  glafs  and 
give  fire  with  fteel.  According  to  an  analyfis 
by  Vauquelin  it  contains 

50.  Yellow  oxyd  of  manganefe. 

33.7  Additional  oxygen. 

14.7  Barytes. 

1.2  Silex. 

0.4  Carbon. 


100.0 


It  is  the  opinion  of  the  able  chemift  who  per- 
formed this  analyfis  that  the  barytes  is  che- 
mically combined  with  the  metallic  oxyd  in  this 
ore. 

4.  Subfp.  Earthy  grey  manganefe. 


grau  braunjieinerzy  Wern.  Manganefe  gris  ter- 
reuxy  Broch. 

Its  colour  varies  between  fteel-grey  and 
browniffi-black.  It  occurs  in  mafs  or  diflemi- 
nated,  or  fuperficial,  or  dendritic;  it  is  fome- 
times dull,  fometimes  glimmering,  with  a me- 
tallic luftre. 

Its  fradlure  when  dull,  or  nearly  fo,  is  fine- 
grained earthy,  but  that  of  the  other  varieties  is 
fine  fcaly.  It  foils  ftrongly ; is  very  tender, 
fometimes  even  friable ; is  fomewhat  meagre  to 
the  touch.  Sp.gr.  2 to  3. 

The  gas  that  it  yields  by  ignition  is  almolt 
w'holly  carbonic  acid.  * 

According  to  an  analyfis  by  Klaproth  it  con- 
tains 

68.  Brown  oxyd  of  manganefe- 
6.5  Oxyd  of  iron. 

I.  Carbon. 

I.  Barytes. 

8.  Silex. 

17.5  Water. 


102.0 


It  occurs  in  Cornwall  and  Somerfetffiire  In 
England  ; Ilmenau  in  Saxony ; Perigueux  in 
France,  &c. 

The  black  ‘wad  of  Derbyffiire  and  Devonfliire 
appears  to  be  a variety  of  this  fubfpecies.  It 
poflefles  the  ftriking  property  of  inflaming  fpon- 
taneoufly  when  mixed  with  one  fourth  of  its 
weight  of  linfeed  oil  and  fet  in  a dry  warm 
place..  According  to  an  analyfis  of  this  fub- 
ftance  by  Mr.  Wedgwood  it  confifts  of  the 
oxyds  of  iron  and  manganefe  in  nearly  equal 
parts. 

Sp.  2.  Black  manganefe.  Schwarz  braun- 
Jleinerz,  Wern.  Manganefe  noiry  Broch. 

Its  colour  is  between  browniffi-black  and 
dark  greyiffi-black.  It  occurs  in  mafs,  difle- 
minated,  or  In  very  fmall  fomewhat  lengthened 
pyramidal  o£lohedrons,  grouped  together  In 
rows.  The  furface  of  the  cryftals  is  more  or 
lefs  ffiining  ; internally  it  has,  a flight  vitreous 
luftre.  Its  frafture  is  imperfe£lly  and  curved 
lamellar.  Its  ftreak  is  dull,  and  of  a reddiffi- 
brown  ; it  is  tender,  brittle,  and  eafily  frangi- 
ble. 

It  is  a rare  mineral,  and  ufually  accompanies 
grey  antimony.  It  has  not  been  analyzed. 

It  is  found  at  Ehrenftoch,  near  Ilmenau,  in 
Saxony  ; at  Rabenftein,  in  Bavaria ; FUhrbach^. 
in  Salzburg;  and  Gora,  in  Weft  Gallitfia., 
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Sp.  3.  White  manganefe. 

Its  colour  is  fnow-white,  yellowifli  or  reddifli 
white.  It  occurs  in  mafs,  difleminated,  ma- 
millated,  or  in  imperfe£l  flattened  rhomboids, 
or  lenticular  cryftals.  Internally  it  is  flightly 
glillening,  with  a luftre  between  refinous  and 
vitreous ; it  is  tranflucent  at  the  edges ; its 
fracture  is  curved  foliated.  It  is  moderately 
hard.  Sp.  gr.  2.79. 

It  efl'ervefces  with  the  mineral  acids,  and 
with  the  muriatic  gives  a fmell  of  oxymuriatic 
acid  ; by  ignition  it  becomes  black,  and  then 
fcarcely  efl'ervefces  with  nitrous  acid. 

According  to  Kirwan  it  contains  37  per  cent, 
of  air,  the  chief  of  which  is  carbonic  acid. 

From  an  analyfis  by  Lampadius  it  confifts  of 
48.  Oxyd  of  manganefe. 

2.1  Oxyd  of  iron. 

49.2  Carbonic  acid. 

0.9  Silex. 


100.2 


This  fubftance  appears  to  have  a ftrong  anal- 
ogy with  pearl  fpar. 

Sp.  4.  Red  manganefe.  Rot/j  braut^ienerzy 
Wern.  Manganefe  rouge y Broch. 

Its  colour  is  light  rofe-red,  which  by  decom- 
pofition  becomes  light  yellowifh-brown.  It 
occurs  in  mafs  ancTdilTeminated.  Internally  it 
is  dull;  its  frafture  is  even,  palTing  into  flat 
conchoidal.  Its  fragments  are  indeterminately 
angular  fharp-edged.  It  is  flightly  tranflucent ; 
is  hard,  brittle,  and  eafily  frangible.  Sp.  gr. 

By  Ignition  it  becomes  reddilh-brown,  and  is 
infufible  before  the  blowpipe  without  addition  : 
in  a ftream  of  oxygen  gas  it  melts  eafily  into  a 
dark  brown  tranflucent  bead,  attraftable  by  the 
magnet.  It  flightly  efl'ervefces  with  nitrous  and 
muriatic  acids.  According  to  an  analyfis  by 
Ruprecht  it  confifts  of 

35.17  Oxyd  of  manganefe. 

7.14  Oxyd  of  iron. 

55.06  Silex. 

1.56  Alumine. 

0.78  Water. 


99-yt 

It  occurs  at  Kapnick,  Offenbanya,  and  Nag- 
yag,  in  Tranfilvania,  where  it  ferves  as  the 
matrix  for  the  gold  ores  that  are  wrought  at 
thofe  places.  It  was  fuppofed  by  Born ‘and 
other  mineralogifts  to  be  a variety  of  felfpar. 

* Klapr.  EIT.  II  p.  26. 


Sp.  5.  Sulphuret  of  manganefe.**  Riacli 
blende  of  Muller  de  Reichenftein. 

Its  colour,  is  between  brownifh-black  and 
iron-black  ; it  occurs  maflive  and  difl'eminated  : 
it  is  fhining  with  a metallic  luftre.  Its  fradlure 
is  fine-grained  uneven,  paffing  into  obfeurely 
foliated  : its  fragments  are  indeterminately  an- 
gular. It  is  opake.  It  gives  a dull  greenilli 
brafs-yellow  ftreak ; it  Is  moderately  hard  and 
eafily  frangible.  Sp.  gr.  3.95. 

When  pulverized  it  gives  out  fulphuretted 
hydrogen  on  the  addition  of  nitrous  acid. 

It  has  been  analyzed  by  Klaproth,  and  con- 
fifts of 

82.  Oxyd  of  manganefe. 

II.  Sulphur. 

5.  Carbonic  acid. 

Jfl 

It  occurs  in  veins  at  Szekeremb  In  Tranfil- 
vania, together  with  the  preceding  fpecies,  and 
ferves  as  a matrix  for  the  ores  of  gold  and  tel- 
lurium. 

Sp.  6.  Phofphat  of  manganefe  and  iron.  ' 

Of  this  mineral  only  the  few  following  par- 
ticulars have  as  yet  been  publilhed. 

Its  colour  is  reddifli-brown  : its  fradlure  is 
lamellar;  it  poiTefTes  a brilliant  and  fomewhat 
chatoyant  luftre  ; when  divided  into  thin  lamel- 
lae it  is  femitranfparent ; its  hardnefs  is  a little 
greater  than  that  of  glafs,  it  gives  a greyifh- 
yellow  ftreak.  Sp.  gr.  3.65. 

It  is  readily  fufible  before  the  blowpipe  into 
a black  enamel. 

According  to  an  analyfis  by  Vauquelin  it  is 
compofed  of 

42.  Oxyd  of  manganefe. 

31.  Oxyd  of  iron. 

27.  Phofphoric  acid. 

100. 

It  has  hitherto  been  found  only  in  the  vicinity 
of  Limoges,  in  I'rance,  where  it  was  at  firft 
miftaken  for  an  ore  of  tin. 

§ 2.  ■Affa'^  and  analxfs  of  ores. 

The  analyfis  of  the  ores  of  manganefe,  though 
upon  the  whole  fuiTiciently  fimple,  is  fubje£b 
to  fome  difficulties  and  ambiguities,  in  confe- 
quence  of  which  chemifts  are  by  no  means 
agreed,  either  upon  thfe  beft  mode  of  proceeding 
or  upon  the  relults.  T he  fteps  in  the  method 
of  analyfis  that  require  the  moft  care  are  thofe 

' Ann  dc  Chem.  tom.  ili.  p.  242. 
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that  relate  to  the  reparation  of  the  oxyds  of  Iron 
•nd  manganefe,  and  to  the  afcertainnient  of  the 
•mount  and  purity  of  that  portion  of  oxygen 
which  is  fo  loofely  combined  with  the  manga- 
nefe as  to  be  capable  of  being  feparated  by 
mere  heat,  or  the  aftion  of  muriatic  acid. 

We  have  already  in  the  article  Iron  given 
fome  account  of  the  methods  purfued  by  the 
•bleft  chemifts,  in  feparating  the  mixed  oxyds 
of  iron  and  manganefe,  but  as  this  is  a nice 
matter,  we  fhall  take  the  liberty  of  recapitulat- 
ing what  we  have  before  Hated,  and  of  making 
fome  additional  obfervations. 

1.  The  method  propofed  and  pra£Hfed  by 
Bergman^  is  the  following.  Having  previoufly 
feparated  the  earthy  and  other  ingredients,  let 
the  refidue,  confilting  of  the  mixed  oxyds  of 
the  two  metals,  be  digefted  in  nitric  acid  and 
boiled  to  drynefs,  in  order  to  oxygenate  com- 
pletely both  the  iron  and  manganefe ; let  fome 
dilute  nitric  acid  and  a little  fugar  be  then 
added,  and  by  cold  digeftion  for  a few  hours 
the  manganefe  will  have  diflblved,  forming  a 
limpid  nearly  colourlefs  fluid,  while  the  greateft 
part  of  the  oxyd  of  iron  will  remain  untouched. 
Let  the  nitrat  of  manganefe  thus  formed  be  de- 
compofed  by  a carbonated  alkali,  and  the  pre- 
cipitate, after  walhing,  be  ignited  for  half  an 
hour  ; then  let  the  cold  digeftion  in  dilute  nitric 
acid  and  fugar  be  again  repeated,  and  the  oxyd 
of  iron,  with  the  exception  of  a few  atoms, 
will  remain  untouched,  while  the  manganefe  is 
diflblved.  To  this  laft  folution,  moderately 
diluted,  add  drop  by  drop  fome  cauftic  ammo- 
nia till  the  commencement  of  precipitation ; 
then  boil  the  whole  for  a minute;  after  which 
the  whole  of  the  iron  may  be  feparated  by  the 
filter  or  decantation,  the  manganefe  remaining 
in  folution. 

2.  A fomewhat  different  method  was  follow- 
ed by  Cordier  and  Beaunler,  in  their  analyfes 
of  feveral  fpecimens  of  French  manganefe.  s 
Having  completely  oxydated  by  means  of  nitric 
acid  the  iron  and  manganefe,  the  mixed  oxyds 
were  digefted  for  fome  hours  In  repeated  por- 
tions of  boiling  diftilled  vinegar;  the  infoluble 
refidue  confifted  of  oxyd  of  iron  holding  a fmall 
quantity  of  manganefe,  the  reft  of  the  manga- 
nefe (with  probably  a little  iron)  being  taken  up 
by  the  vinegar.  This  method  however  is  more 
tedious,  and  apparently  lefs  accurate,  than  that 
adopted  by  Bergman.  The  following  improve- 
ment upon  it,  firft  fuggefted  by  M.  Porcell,  has 
fince  been  employed  with  fuccefs  by  Vauqtielin. 

’ Opufcula  II.  p.  224.  » Journ.  dc«  Mint*,  No.  Iviii. 
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The  mixed  oxyds,  after  being  diflblved  in  mu- 
riatic acid  and  precipitated  by  a mild  alkali, 
are  to  be  diflblved  in  diftilled  vinegar  and  the 
vdiole  evaporated  very  nearly  to  drynefs  ; from 
this  refidue  a frefh  portion  of  acetous  acid  will 
take  up  the  whole  of  the  manganefe,  and  a 
little  of  the  iron.  This  fecond  folution  being 
again  evaporated  to  drynefs,  and  treated  afrefli 
with  acetous  acid,  will  depofit  the  greateft  pa!rt  of 
its  iron  ; and  thus  by  repeating  the  procefs  two 
or  three  times  the  w'hole  of  the  iron  may  be 
feparated  with  great  accuracy.  When  nothing 
but  manganefe  remains  in  folution  the  liquor 
will  be  entirely  colourlefs,  and  will  give  a white 
precipitate  with  pruflTiat  of  potafh. 

3.  Mr.  Kirwan  **  propofes  to  feparate  tlie 
two  oxyds  by  boiling  them  in  a ftrong  folution 
of  cauftic  fixed  alkali,  which  he  fays  will  take 
up  the  manganefe  and  leave  the  iron.  This 
however  appears  to  be  an  overfight : for  al- 
though oxyd  of  manganefe  is  foluble  in  alkali 
in  the  Jry  way,  a folution  of  the  fame  has  no 
folvent  a6Hon  whatever  upon  it;  and,  in  confe- 
quence,  this  very  procefs  is  ufed  by  Klaproth 
to  feparate  alumine  from  manganefe,  the  for- 
mer alone  of  thefe  fubftances  being  capable  of 
being  taken  up  by  this  fluid. 

4.  According  to  Richter*  manganefe  and 
Iron  may  be  feparated  from  each  other  by  dif- 
folving  the  mixture  In  fulphuric  acid,  and  then 
adding  a concentrated  folution  of  tartrite  of 
potafh,  both  liquors  being  warm  : by  evaporat- 
ing the  whole  gently  till  the  fulphat  of  potafit 
begins  to  form,  the  tartrite  of  manganefe  will 
be  entirely  depofited  in  a pulverulent  ftate  while 
the  iron  will  remain  diflblved.  Klaproth  how- 
ever found  this  method  inefleftual  when  muri- 
atic acid  was  employed  inftead  of  fulphuric. 

5.  The  folubility  of  pruflTiat  of  manganefe 
in  a dilute  acid,  and  even  in  pure  water,  and 
the  Infolubility  of  prulTiat  of  iron  in  the  fame 
menftrua,  affords  an  accurate  and  fatisfadtory 
method  of  feparating  thefe  two  metals  from 
each  other.  To  the  compound  muriatic  folu- 
tion, containing  a flight  excefs  of  acid,  add 
pruffiat  of  potafh  till  a white  precipitate  makes 
its  appearance  ; then  digeft  the  whole  for  fome 
time  in  a moderate  heat,  and  by  decantation  or 
the  filter  feparate  the  blue  precipitate  from  the 
fupernatant  liquor ; the  whole  of  the  iron  will 
be  found  in  the  regenerated  Pruffian  blue,  and 
the  manganefe  will  remain  in  folution,  from 
which  it  may  be  procured  by  means  of  a carbo- 
nated alkali. 

769.  *'Mincralog.  II  p.  587.  * Ditto,  p.  461. 
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6.  There  is  yet  another  method  of  feparating 
iron  and  manganefe,  which  has  obtained  the 
fanftion  of  many  able  chemifts,  and  when  per- 
formed with  care  is  capable  of  much  accuracy. 
Having  previoufly  diflblved  the  mixed  oxyds  in 
fulphuric  or  muriatic  acid,  and  diluted  the 
foiution  to  a confiderable  degree,  add,  drop  by 
drop,  feme  carbonated  alkali,  till  the  liquor  be- 
gins to  be  permanently  turbid ; then  boil  it  for 
a few  minutes  and  feparate  by  the  filter  the 
brown  oxyd  of  iron  which  will  have  been  pre- 
cipitated ; into  the  clear  liquor  add  as  before 
a few  drops  of  carbonated  alkali  till  what  falls 
down  is  of  a pure  white  colour,  then  boil  the 
whole  and  feparate  this  fecond  precipitate  in 
the  fame  manner  as  the  firft.  By  this  mode 
three  diftin£l;  portions  will  be  obtained,  of 
which  the  firft  precipitate  is  pure  oxyd  of  iron, 
the  fecond  is  a mixture  of  iron  and  manganefe 
with  the  latter  confiderably  in  excefs,  and  the 
foiution  is  muriat  of  manganefe  entirely  free 
from  iron.  The  fecond  precipitate  being  redif- 
folved  in  muriatic  acid  and  treated  with  carbo- 
nated slkali,  as  already  mentioned,  will  be  fe- 
parated  into  oxyd  of  iron  and  muriat  of  man- 
ganefe with  fo  much  accuracy  as  to  render  it 
unneceffary  to  carry  bn  the  procefs  further. 

7.  The  laft  method  which  we  ftiall  mention, 
and  which  at  the  fame  time  is  the  moft  recently 
difeovered,  the  moft  accurate,  and  the  moft 
expeditious,  though  not  fo  economical  as 
fome  of  the  former,  is  by  means  of  fuccinat  bf 
foda  or  ammonia.  It  is  thus  effe£l:ed.  * Dif- 
folve  the  mixed  oxyds  in  muriatic  acid,  and 
then  by  means  of  a cauftic  alkali  bring  the 
foiution  to  a ftate  of  perfeff  faturation ; after 
this  drop  in  fuccinat  of  foda  or  ammonia  as 
long  as  a precipitation  takes  place ; feparate 
by  the  filter  the  fuccinated  iron  from  the  clear 
liquor  and  edulcorate  it  by  repeated  ablutions 
of  cold  water  : add  together  the  wafhings  and 
clear  liquor  and  decompofe  the  whole  by  cauf- 
tic foda,  a precipitate  will  fall  down,  which 
when  wafhed  and  dried  is  pure  oxyd  of  man- 
ganefe. 

Having  thus  ftated  the  principal  means  of 
♦wercoming  one  of  the  difficulties  in  the  analyfis 
of  manganefian  ores,  we  proceed  to  fay  a few 
words  on  the  method  of  afeertaining  the 
amount  and  purity  of  the  loofely  combined  oxy- 
gen. It  is  to  be  regretted  however  that  this 
(which  in  an  economical  point  of  view  is  a 
matter  of  chief  importance)  fhould  hitherto 
have  received  fo  little  notice.  The  moft  obvi- 


ous method  of  proceeding  is  by  dry  diftillation 
at  a red  heat,  in  which  both  the  gas  and  moif- 
ture  will  be  driven  off,  and  may  be  colleded 
and  examined  by  the  ufual  reagents.  This, 
however,  is  liable  to  fome  obje£Hons,  and  prin- 
cipally the  two  following.  In  the  firft  place, 
it  only  (hews  the  quantity  of  oxygen  gas  that 
may  be  procured  from  the  manganefe  fo  exa- 
mined ; but  as  the  principal  employment  of 
this  metallic  oxyd  is  in  the  bleacheries,  where 
it  is  ufed  for  making  oxymuriatic  acid,  it  would 
be  eminently  ferviceable  fo  to  ftate  the  refults 
of  an  analyfis  as  to  enable  the  manufafturers  to 
compare  different  fpecimens  of  manganefe  with 
a view  to  their  commercial  value.  For  thi» 
purpofe  the  oxyd-of  manganefe  muft  be  decom- 
pofed,  not  into  the  brown  oxyd  and  oxygen, 
but  into  the  w'hite  oxyd  and  oxygen : mere  heat 
however  is  not  capable  of  feparating  more  than 
that  portion  of  oxygen  w'hich  conftitutes  the 
difference  between  the  brown  and  the  black 
oxyds,  whence  it  happens  that  many  famples, 
which  yield  little  or  no  oxygen  by  fimple  igni- 
tion, may  yet  be  employed  to  good  purpofe  in 
the  preparation  of  oxymuriatic  acid. 

The  fecond  objeftion  is  that  the  fource  of 
the  carbonic  acid  which  is  commonly  mixed 
with  the  oxygen  thus  procured,  is  often  ex- 
tremely ambiguous.  The  manganefian  ores 
frequently  contain  both  carbon  and  carbonat 
of  lime  1 but  by  a red  heat  not  only  part  of 
the  acid  ‘from  the  carbonat  is  driven  off,  but 
a portion  of  the  oxygen  of  the  manganefe,  as  it 
is  difengaged,  combines  with  the  carbon,  and 
thus  alfo  forms  carbonic  acid. 

Some  chemifts,  particularly  Vauquelin  and" 
his  pupils,  in  their  analyfesof  the  ores  of  man- 
ganefe, confider  the  native  oxyd  as  compofed 
of  the  white  oxyd,  and  a greater  or  lefs  quan- 
tity of  oxygen,  but  unfortunately  adopt  the  very 
erroneous  method  of  eftimating  this  excefs  of 
oxygen  merely  by  the  lofs  that  appears  at  the 
end  of  the  analyfis,  whence  its  apparent 
amount  is  greater  the  more  carelefsly  the  ana- 
lyfis has  been  performed. 

The  fubftances  that  the  commoner  ores  of 
manganefe  have  hitherto  been  formed  to  be 
compofed  of,  are  the  oxyds  of  manganefe  and 
iron,  filex,  barytes,  alumine,  carbonat  of  lime, 
carbon,  and  water.  It  is  not  improbable,  that 
all  thefe  may  coexift  in  the  fame  fpecimen,  in 
which  cafe  the  following  would  probably  be  the 
beft  method  of  performing  its  analyfis. 

Take  400  grains  previoufly  reduced  to  a fin® 
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yov/der,  and  dried  at  21 2°  Fahr.  divide  the 
whole  into  two  equal  parts,  and  treat  the  6rft 
200  grains  in  the  following  manner. 

(a ) Put  the  ore  into  3 fmall  retort,  and  pour 
upon  it  about  twice  its  weight  of  moderately 
dilute  and  coiourlefs  nitric  acid ; the  carbonic 
acid  of  the  carbonat  of  lime  will  be  thus  difen- 
gaged  without  the  application  of  heat,  and  may 
be  received  in  an  inverted  jar  of  lime-water ; 
from  the  regenerated  carbonat  thus  produced, 
its  acid  may  be  calculated  according  to  the 
known  proportions.  When  the  evolution  of 
carbonic  acid  ccafes,  transfer  the  contents  of  the 
retort  into  a digefting  flalk,  add  a fmall  piece  of 
fugar,  and  apply  a gehtle  heatj  when  the 
aflion  of  the  acid  has  ceafed,  pour  olF  the  clear 
fluid,  and  digeft  the  remainder  with  frelh  nitric 
acid  and  fugar  as  long  as  any  thing  ceafes  to  be 
taken  up ; then  mix  together  the  nitric  folu- 
tions  and  the  walhings  of  the  undiflblved  reli- 
due. 

{b)  The  reGdue  juft  mentioned  being  dried 
at  a heat  below  ignition  and  weighed,  muft  be 
ignited  in  an  open  crucible  to  burn  off  the  car- 
bon, the  amount  of  which  will  be  indicated  with 
fnfficient  exaftnefs  by  the  difference  of  weight 
before  and  after  ignition. 

U)  The  reGdue  of  b is  to  be  boiled  to  dry- 
nefs  in  a Giver  crucible  with  thrice  its  weight 
of  liquid  cauftic  foda  5 the  hardened  mafs  is  to 
be  diffolved  in  dilute  muriatic  acid,  then  eva- 
porated nearly  to  drynefs,  and  boiled  with 
w ater ; a fine  white  powder  will  remain  undif- 
folved,  which  is  ftUx. 

[d]  Add  together  the  nitric  (a)  and  muriatic 
(c)  folutions,  and  pour  in  liquid  ammonia  as 
long  as  any  precipitation  takes  place  5 feparate 
the  precipitate  by  filtration,  and  add  the  wafh- 
ings  to  the  clear  liquor. 

(c)  To  the  clear  liquor  of  d pour  in  a fiight 
excefs  of  fulphuric  acid,  and  make  the  whole 
boiling  hot ; the  precipitate  being  fpeedily  fepa- 
ratcd  by  the  filter  and  wafhed,  is  fulphat  of 
barytes. 

{f ; Evaporate  the  clear  liquor  of  ir  to  a very 
fmall  bulk,  and  mix  it  with  cold  alcohol ; the 
refulting  precipitate  Is  fulphat  of  lime. 

( g)  The  precipitate  of  d is  now  to  be  digeft- 
ed  in  cauftic  foda:  when  the  adtion  of  the 
alkali  ceafes,  pour  off  the  liquor,  edulcorate 
the  reGdue,  add  the  walhings  to  the  liquor, 
neutralize  with  muriatic  dcid,  and  then  pour  in 
carbonat  of  ammonia,  till  no  further  precipi- 
-tation  takes  place.  The  precipitate  being  waflr- 
ed  and  ignited  is  Alumitte. 
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[h)  The  reGdue  of  g which  Is  Infoluble  i« 
foda,  conGfts  of  the  mixed  oxyds  of  manganeie 
and  iron,  which  may  be  feparated  by  any  of 
the  methods  already  mentioned.  If  that  de- 
feribed  in  paragraph  6 is  preferred,  muriatic 
acid  is  to  be  added  till  the  whole  of  the  oxyd  is 
taken  up  and  then  carbonated  foda  will  throw 
down  a precipitate  which  when  ignited  is  pure 
oxyd  of  iron. 

(/)  To  the  muriatic  folution  of  h add  cauftic 
foda ; the  precipitate  thus  occaGoned  when 
wafhed  and  ignited  in  an  open  crucible  is  bretun 
oxyd  of  manganefe. 

The  component  parts  of  the  ore  are  now  all 
afeertained  except  the  water  and  loofe  oxygen, 
and  in  order  to  determine  thefe  we  muft  have 
recourfe  to  the  fecond  portion  of  the  ore^ 
weighing  like  the  firft  200  grains. 

(a)  Put  the  ore  into  a fmall  glafs  retort 
connefted  with  a pneumatic  mercurial  appara- 
tus, and  make  the  bulb  of  the  retort  moderately 
red  hot  as  long  as  any  gas  is  difengaged.  By 
this  means  the  water  will  be  condenfed  in  the 
receiver,  and  the  gas  will  pal's  forwards  into 
the  inverted  jar. 

(b)  The  air  thus  colleifted  being  mixed  with 
nitrous  fulphat  of  iron,  the  amount  of  its 
oxygen  is  readily  afeertained.  The  weight  of 
the  oxygen  added  to  that  of  the  brown  oxyd  of 
manganefe  gives  very  nearly  though  fomewhat 
lefs  than  the  entire  weight  of  the  manganefe  in 
the  ftate  in  which  it  exifts  in  the  ore.  The 
difpofable  oxygen,  or  that  which  may  be  applied 
to  the  preparation  of  oxymuriatic  acid,  is  found 
by  deducting  6 per  cent,  from  the  brown  oxyd, 
and  adding  this  to  the  weight  of  the  gafeous 
oxygen.  Of  the  difpofable  oxygen,  16  parts 
reprefent  100  of  oxymuriatic  acid,  produced  by 
diftllling  together  the  ore  and  common  muriatic 
acid. 

We  fhall  conclude  this  feftion  by  ftating  the 
particulars  of  fome  of  the  moft  intcrefting 
analyfes  that  have  yet  been  publifhed  of  the 
ores  of  manganefe. 

Radiated  grey  Manganefe. 

A cryftallized  fpecimen  of  this  mineral  was 
thus  analyfed  by  Klaproth.®  2bo  grains  being 
pulverized  were  digefted  in  the  cold  with  mu- 
riatic acid  ; in  a few  hours  the  whole  diffolved 
without  effervefcence,  forming  a deep  brown- 
red  Guid.  Being  then  heated  a copious  extri- 
cation of  oxymuriatic  acid  gas  took  place ; 
when  this  had  ceafed,  and  the  liquor  was  di- 
luted with  water  it  exhibited  a faint  reddilh 
colour,  a few  atoms  of  carbon  being  the  caly 
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part  of  the  ore  remaining  undifToIred.  The 
folution  was  divided  into  two  equal  parts,  one 
of  which  was  examined  with  the  following  re- 
agents. 

Sulphuric  acid  produced  no  precipitate  ; 
therefore  no  barytes  was  prefent. 

Prufliat  of  potafh  threw  down  a peach-co- 
loured precipitate,  therefore  fcarcely  any  iron 
was  prefent. 

Carbonated  alkalies  occafioned  a white  pre- 
cipitate, which  retained  its  colour  on  expofure 
to  the  air. 

Cauftic  alkalies  gave  a brown  precipitate. 

Water  impregnated  with  fulphuretted  hydro- 
gen produced  no  turbidnefs  or  other  change. 

The  other  half  of  the  folution  was  neutral- 
ized with  carbonat  of  potafh  till  a flight  turbid- 
nefs appeared  •,  and  being  then  boiled  and  fil- 
tered, a few  fcarcely  perceivable  brown  parti- 
cles of  oxyd  of  iron  were  feparated.  T o the 
remaining  fluid,  carbonat  of  potafh  was  added 
to  full  faturation  at  a boiling  temperature;  136 
grains  of  carbonated  manganefe  was  thus  ob- 
tained, which  (after  ftrong  ignition)  weighed 
88.5  grains.  This  oxyd  being  then  heated  with 
ftrong  nitric  acid  and  fugar  entirely  difTolved, 
forming  a colourlefs  fluid,  from  which,  by  dif- 
tillation  to  perfect  drynefs,  a lead-grey  mafs  of 
perfect  oxyd  of  manganefe  with  a metallic  luftre 
was  procured. 

200  grains  more  of  the  ore  were  heated  tho- 
roughly red  in  a glafs  retort  connected  with  a 
pneumatic  apparatus,  by  which  means  14  grs. 
of  water  and  4.5  grs.  of  oxygen  gas  were  col- 
lecffed,  the  remainder  in  the  retort  weighing 
i8x  grs. 

Hence  100  parts  of  the  ore  contain 

90.5  Brown  oxyd  of  manganefe.. 

2.25  Oxygen. 

7.  Water. 
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CompaEl  grey  .manganefe  of  Romaneche. 

This  was  analyzed  by  Vauquelin"  in  the  fol- 
lowing manner : 

loo  parts  being  treated  by  muriatic  acid  there 
Remained  1.6  of  a black  matter;  this  refidue 
«n  expofure  to  the  air  inflamed,  and  left  behind 
i.zoffilex. 

Sulphuric  acid  being  added  to  the  folution- 
threw  down  2X  of  fulphated  barytes,  equiva- 
lent to  14.  of  barytes.  From  the  remaining 
liquor  carbonat  of  potafh  precipitated  96.  of 
verj  white  carbonat  of  manganele,  which  by 
• Journ.  des  Atin.  Ne.  19,  p.  40. 


ftrong  diftillation  in  an  earthen  retort  afforded' 
48  of  a greenifli-grey  oxyd  of  manganefe. 

Thus  there  have  been  obtained 

48.  Oxyd  of  manganefe. 

14.  Barytes. 

1.2  Silex. 

0.4  Carbon. 
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The  3(5.4  parts  requifite  to  make  up  the  ori- 
ginal 100  is  confidered  by  Vauquelin  as  oxygen 
abftracfed  from  the  ore  by  its  folution  in  mu- 
riatic acid  and  the  fubfequent  prodiuftion  of 
oiymuriatic  acid.  To  this  eftimate  however  it 
may  be  objefted,  that  no  notice  whatever  is 
taken  of  the  water  which  probably  exifted  in 
the  ore,  that  no  allowance  is  made  for  the  lofs 
experienced  in  almoft  every  analyfis,  and  that 
it  is  contrary  to  Bergman’s  experiment  which 
has  never  yet  been  difputed,  in  which  from 
100  of  metallic  manganefe  he  procured  by  folu- 
tion in  nitric  acid  and  precipitation  by  cauftic. 
alkali  168  of  black  oxyd,  according  to  which 
48  parts  even  of  metallic  manganefe  can  only- 
take  up  32  of  oxygen. 

Sulphuret  of  manganefe. 

Klaproth’s  analyfis  of  this  mineral  is  as  fol- 
lows100  grains  were  heated  red  hot  in  a 
retort  conneifted  with  a mercurial  pneumatic 
apparatus,  by  which  5 grains  of  carbonic  acid 
and  a fcarcely  perceptible  quantity  of  moifture 
were  obtained.  Another  too  grains  were 
treated  with  moderately  ftrong  nitric  acid ; ful- 
phuretted hydrogen  gas  immediately  efcaped 
vidth  a copious  effervefcence,  and  the  ore  was. 
diflblved  with  the  exception  of  5.5  grs.  which 
were  fulphur.  The  filtered  folution  being  diluted 
was  divided  into  two  equal  parts  of  which  one 
was  decompofed  by  cauftic  foda  ; a white  pre- 
cipitate fell  down  which  fpeedily  became  brown 
by  expofure  to  air  ; the  other  half  was  decom- 
pofed by  carbonated  foda,  and  the  white  pre- 
cipitate hence  refulting  remained  unaltered  in 
colour  by  drying  ; hence  it  contained  no  iron. 

Another  100  grains  was  treated  in  the  cold 
with  dilute  nitric  acid  ; 34  grs.  of  fulphuretted 
hydrogen  efcaped,  and  one  grain  of  fulphur 
remained  floating  in  the  folution.  Carbonat  of 
foda  being  added  to  the  filtered  folution,  a 
white  carbonated  oxyd  of  manganefe  fell  down, 
weighing  145  grs.  which  by  ignition  in  a fmall 
glafs  retort  was  reduced  to  82  grs.  the  colour 
remaining  unaltered,  fo  this  refidue  half  its 
weight  of  fulphur  (i.  e.  41  grs.)  was  added 
• Analyt.  EIT.  II.  p.  a8. 
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itnd  the  mixture  ignited  fn  a retort ; part  of  the 
fulphur  fublimed,  and  there  remained  at  the 
bottom  a mafs  weighing  98  grs.  which  In  co- 
lour and  chemical  properties  exa£l:ly  refembled 
the  original  ore.  No  other  fubftances  being 
detefted  except  oxyd  of  manganefe,  carbonic 
acid,  and  fulphur,  and  the  weight  of  the  two 
former  being  afcertained,  the  relidue  is  to  be 
confidered  as  fulphur,  after  dedufting  2 per 
cent,  for  the  ufual  lofs  in  analyfes  of  this  kind. 
Hence  the  component  parts  of  the  ore  may  be 
dated,  as 

82.  White  oxyd  of  manganefe, 

5.  Carbonic  acid. 

1 1 . Sulphur. 


98. 

It  will  not  we  trufl  be  confidered  as  a mark 
of  difrefpe£l  towards  the  illuftrious  author  of 
this  analyfis,  if  we  venture  to  fugged  a few 
doubts,  not  with  regard  to  the  experiments 
themfelves  but  the  deduflions  from  them. 

The  only  proof  of  carbonic  acid  being  con- 
tained in  the  ore  is  that  it  yielded  carbonic  acid 
ga-s  on  being  heated ; but  this  would  have  hap- 
pened if  only  carbon  and  oxyd  of  manganefe 
had  been  prefent ; again,  from  the  fulphuretted 
hydrogen  that  was  produced  by  the  aftion  of  nitric 
acid  on  the  ore  it  is  highly  probable  that  the 
manganefe  was  in  the  metallic  date,  or  at  lead 
only  very  flightly  oxygenated  r the  edimated 
amount  of  the  fulphur  alfo  appears  to  be  much 
too  low  i fulphuretted  hydrogen  contains  about 
71  per  cent,  of  fulphur,  therefore  34  grains  of 
this  gas  contain  24  grains,  to  which  is  tO'  be 
added  one  grain  of  fulphur  left  in  the  nitrous 
folution  after  the  produfHon  of  the  fulphuretted 
hydrogen,  makirvg  the  whole  amount  of  fulphur 
equal  to  25  grs.  The  82  grs.  of  whiteoxydare 
eompofed  of  about  66  of  metal  and  16  oxygen. 
It  appears  therefore  more  confonant  to  the  ana- 
lyfis, and  to  known  chemical  fa£ls,  to  date 
the  component  parts  of  the  fulphuret  of  man- 
ganefe, as 

66.  Manganefe. 

25.  Sulphur. 

9.  Carbon,  oxygen,  a-nd  lofs. 


100. 

Phofphat  of  manganefe  and  iron-. 

It  is  to  VauquelinP  that  we  are  indebted  for 
an  analyfis  of  this  mineral.  Having  previoufly 
afcertained  tlie  prefence  of  iron  and  phofphoric 

t An.  dc  Chem.  jfH.  p-24^. 


acid  ia  it,  he  took  100  parts  of  the  ore  and 
boiled  it  with  liquid  potafh  to  drynefs  in  a filver 
crucible ; the  faline  mafs  hence  refulting  was 
lixiviated  with  didilled  water,  and  the  infoluble 
refidue  being  edulcorated  and  dried  had  ac- 
quired a deep  black  colour  and  weighed  fome- 
thing  more  than  the  entire  mineral.  The 
watery  lixivium,  containing  a confiderable  ex- 
cefs  of  alkali  was  flightly  fuperfaturated  with 
nitric  acid,  and  then  boiled  in  order  to  expel 
every  portion  of  carbonic  acid  that  the  alkali 
might  accidentally  have  combined  with  : lime- 
water  being  now  poured  in,  a copious  white 
flocculent  precipitate  took  place  which  was 
phofphat  of  lime,  and  when  well  w^aflied  and 
dried  weighed  60  parts,  indicating  27  of  phof- 
phoric acid. 

The  black  part  of  the  ore,  which  had  been 
infoluble  in  water,  w^as  diflblved  in  diftilled 
vinegar,  and  evaporated  to  drynefs  ; the  refidue 
being  treated  with  a frefli  portion  of  vinegar 
was  in  part  diflblved,  a confiderable  quantity 
however  of  red  oxyd  of  iron  remained  untouch- 
ed. By  repeating  the  exficcation  till  all  the 
iron  was  depofited,  and  then  gently  igniting 
the  depofit,  there  was  procured  31  grains  of 
oxyd  of  iron.  The  fluid  now  containing  only 
acetite  of  manganefe  was  decompofed  by  cauftic 
potafti,  and  the  precipitate  after  wafhing  and 
drying  weighed  42  grs.  and  was  oxyd  of  man- 
ganefe, 

5.  3.  RediiBion  of  Ores. 

As  manganefe  is  applied  to  no  ufe  in  its  me- 
tallic ftate,  there  are  no  eftablifhments  for  the 
reduiSlIon  of  its  ores  in  the  great  way ; and  even 
in  the  laboratory  the  procefs  is  feldom  per- 
formed, chiefly  on  account  of  the  intense  heat 
which  is  requifite,  and  which  cannot  be  ob- 
tained in  fmall  furnaces  unlefs  they  are  pecu- 
liarly well  conftrufted.  The  ufe  of  all  alkaline 
and  vitreous  fluxes  mull  be  carefully  avoided  ; 
for  the  affinity  of  thefe  with  the  oxyd  of  man- 
ganefe is  fo  confiderable  as  entirely  to  prevent 
its  redu£lion  where  they  are  'prefent.  The 
only  method  w'hich  has  been  attended  with  any 
tolerable  fuccefs  is  the  following,  invented  by 
Bergman.*'  Sele£t  a found  and  very  refractory 
crucible  and  line  it  with  charcoal,  or  ftill  better 
with  a niixture  of  linfeed  meal  and'  v'atef, 
beaten  up  with  as  much  finely  fi  fired  charcoal 
as  it  will  take  without  lofing  its  tenacity,  dry 
the  crucible  thoroughly,  gradually  increafing 
the  heat  till  the  m.eal  begins  to  be  fcorched  5 
then  take  fome  oxyd  of  manganefe  (purified. 

^ Opurcul,  ii.  p.  aoa.. 
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from  aH  extraneous  fubftatices  as  defcrlbed  in 
the  lafl;  fedtion)  and  make  it  up  into  a ball  with 
any  kind  of  oil  ; put  this  into  the  cavity  of  the 
crucible  and  cover  it  with  powdered  charcoal ; 
then  lute  on  a pierced  cover  or  an  inverted 
crucible,  and  place  it  in  a blaft  furnace ; keep 
it  at  a moderate  red  heat  till  the  jet  of  blue 
flame  through  the  hole  in  the  cover  has  ceafed, 
then  bring  the  furnace  rapidly  to  its  higheft 
heat,  and  keep  it  fo  for  forty  minutes  or  three- 
quarters  of  an  hour ; after  this  let  the  fire  go 
out,  and  when  the  crucible  is  quite  cold  break 
it  up  carefully  and  the  manganefe  will  be  found 
in  globules  of  various  fizes  covered  for  the 
mod  part  with  a thin  vitreous  cruft.  It  appears 
probable  that  a button  might  be  obtained  by  a 
fecond  fufion  of  thefe  globules  with  glafs  of 
borax,  in  a crucible  lined  with  charcoal  and  a 
little  pipe-clay  to  prevent  the  flux  from  finking 
through  the  pores  of  the  charcoal. 

§ 4.  Ph'^icial  and  chemical  properties  of  manganefe.^ 

The  colour  of  manganefe  is  greyifh-white 
with  a confiderable  metallic  brilliancy.  Its 
fradlure  is  uneven  granular : its  hardnefs  is 
fomewhat  greater  than  that  of  call  iron  ; and 
it  is  very  brittle.  Its  fp.  gr.  according  to 
Bergman,  is  6.85,  according  to  Hielm  is  7. 
In  fufibility  it  appears  to  rank  between  platina 
and  iron  ; when  pulverized  it  is  feebly  attract- 
ed by  the  magnet,  but  this  is  probably  owing 
to  the  prefence  of  iron,  from  which  it  is  feldom 
abfolutely  free. 

No  other  metal  is  fo  eafily  oxydable  as  this. 
If  a globule  of  manganefe  be  broken  and  ex- 
pofed  to  the  air,  the  fraClured  furface  almoft 
immediately  lofes  its  metallic  luftre  and  acquires 
a greyifti  tarnifh  ; in  a few  feconds  more  it 
becomes  lilac  coloured,  then  violet,  and  laftly 
brownifh-black ; when  in  this  ftate,  it  is  friable 
and  breaks  down  between  the  fingers  into  a 
black  pov/der,  refembling  in  appearance  the 
native  grey  oxyd.  It  is  by  no  means  however 
as  yet  at  a high  degree  of  oxydation,  for  when 
treated  with  dilute  fulphuric  acid  it  gives  out 
hydrogen  gas ; after  a few  days  however  of  ex- 
pofure  to  the  atmofphere  it  becomes  more  fatu- 
rated  with  oxygen  and  then  lofes  this  property. 
When  heated  below  ignition  in  contacl;  with 
atmofpheric  air,  nearly  the  fame  effeCl  takes 
place  as  at  the  common  temperature,  only  more 
rapidly, 

Cliemifts  at  prefent  diftinguifh  three  degrees 
of  oxydation  of  this  metal,  each  of  which  is 
charaCleri^ed  by  a remarkable  change  of  colour. 

*■  Scheele’s  EiT. 


The  white  oxyd  contains  the  fmalleft  proportion 
of  oxygen,  and  the  black  oxyd  the  largeft ; the 
red  oxyd  holds  an  indeterminate  place  between 
the  two  others. 

The  white  oxyd  of  manganefe  is  moft  conve- 
niently prepared  by  adding  a carbonated  alkali 
to  muriat  of  manganefe  5 the  copious  white  pre- 
cipitate that  enfues  is  carbonated  manganefe, 
from  which  by  gentle  ignition  in  a fmall  glafa 
retort,  the  water  and  carbonic  acid  is  feparated, 
and  the  white  oxyd  remains  behind.  The  pro- 
portions of  the  component  parts  of  this  oxyd 
are,  according  to  Bergman,  80  of  manganefe 
and  20  of  oxygen. 

The  red  oxyd  is  obtained  by  mixing  twq 
parts  of  fulphuric  acid  with  one  part  of  black 
oxyd  of  manganefe  and  a little  water,  and 
boiling  the  mafs  to  drynefs  : water  digefted 
upon  the  refiduum  acquires  a beautiful  crimfon 
colour,  from  taking  up  the  red  fulphat  of  man- 
ganefe thus  produced.  If  now  to  this  red 
fluid  a few  drops  of  carbonated  alkali  be  added, 
the  liquor  becomes  colourlefs  and  a little  red 
oxyd  is  precipitated,  which  however  turns  brown 
before  it  can  be  dried. 

No  proper  analyfis  has  been  made  of  thi$ 
oxyd,  but  it  is  fuppofed  to  be  manganefe  with 
a larger  proportion  of  oxygen  than  is  contained 
in  the  white  oxyd. 

The  black  oxyd  is  thus  prepared  by  Bergman. 
To  a folution  of  the  fulphat  or  any  other  of 
the  falts  of  manganefe  is  added  fome  cauftic 
alkali ; a brown  precipitate  immediately  fall® 
down,  which  when  waflred  and  dried  in  an 
open  crucible,  at  a heat  below  ignition,  acquires 
a deep  brownifh-black.  From  100  parts  of 
metallic  manganefe  thus  treated,  Bergman  ob- 
tained 168  of  black  oxyd,  according  to  which 
its  conftituent  proportions  are  60  of  metal 
to  40  of  oxygen. 

The  exiftence  of  the  three  oxyds  of  manga- 
nefe juft  mentioned  was  firft  afcertained  by 
Bergman,  and  fucceeding  chemifts,  acquiefcing 
in  the  experiments  and  dedudlions  of  this  able 
philofopher,  have  done  little  either  to  confirm 
or  correfl  them  ; it  appears  to  us,  however, 
that  the  following  circumftances  refpedling 
the  oxyds  of  this  metal  taken  notice  of  by 
Bergman  himfelf,  by  Scheele,  Klaproth,  and 
others,  are  not  perfeftly  confiftent  with  the 
received  opinions  on  this  fubjedl.  Regulus  of 
manganefe  by  expofure  to  the  air  for  two  or 
three  days  falls  into  a pulverulent  oxyd  of  a 
deep  black  colour;  but  that  this  fubftancc  is 
very  different  from  the  perfeiSt  black  oxyd  is 
p.  57,  Opufcu}. 
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manifeft  from  this,  that  when  digefted  with  di- 
lute fulphuric  acid  it  forms  a colourlefs  folution, 
and  at  the  fame  time  gives  out  hydrogen  gas. 
Klaproth  alfo  obferves  of  this  fame  oxyd,  that 
when  kept  in  the  air  it  exhales  for  feveral  days 
a ftrong  odour  of  hydrogen,  proceeding  no 
doubt  from  the  decompofition  of  the  moifture 
of  the  atmofphere.  Here  then  appears  to  be  a 
black,  or  rather  as  we  believe  a blue  oxyd  of 
manganefe,  combined  with  fo  fmall  a portion 
of  oxygen  as  to  be  Hill  capable  of  decompofing 
water,  and  probably  much  lefs  oxygenated  than 
the  white  oxyd.  It  is  this  oxyd  alone  which 
feems  capable  of  uniting  with  the  fixed  alkalies 
by  fufion  ; for  if  we  melt  together  pearlafh  and 
the  perfeft  blach  oxyd  of  manganefe  the  refult 
is  a faline  mafs  of  a blue  colour  (but  green  if 
*ny  yellow  oxyd  of  iron  is  prefent)  and  form- 
ing with  water  a folution  of  the  fame  tinge. 
If  this  folution  be  largely  diluted  with  water 
the  manganefe  paffes  in  a fhort  time  to  the  ftate 
of  red  oxyd,  and  is  gradually  precipitated  : this 
may  arife  either  from  the  atmofpheric  air  con- 
tained in  the  water  or  from  a decompofition 
of  part  of  the  water  itfelf.  The  fame  efFe£k 
happens,  but  more  flowly,  if  the  folution  is 
expofed  to  the  air,  probably  by  the  combined 
a£Uon  of  the  carbonic  acid  and  the  oxygen  of 
the  atmofphere,  the  former  uniting  with  the 
alkali  and  the  latter  vrith  the  metallic  oxyd. 
The  aftion  of  any  of  the  more  aftive  acids,  for 
example  the  fulphuric  or  muriatic,  as  might 
Be  expelled,  is  fimilar  but  more  fpeedy,  with 
only  this  difference,  that  if  more  acid  be  added 
thdn  is  neceffary  to  faturate  the  alkali,  the  ex- 
«cfs  of  acid  dilTolves  the  manganefe  as  it  paffes 
to  the  ftate  of  white  oxyd  ; forming  with  it  a 
colourlefs  permanent  folution.  It  is  the  blue 
oxyd  of  manganefe  alone  that  feems  undecom- 
pofable  by  mere  heat,  as  is  manifeft  from  a 
well-known  fa£f  firft  obferved  by  Rinman, 
namely,  that  if  the  common  black  oxyd  of 
manganefe  is  expofed  for  feveral  hours  to  a 
white  heat,  the  refult  is  a hardened  mafs  of  a 
green  colour  j but  as  the  only  colouring  mate- 
rials in  the  common  black  manganefe  are  iron 
and  manganefe,  it  is  obvious  that  the  yellow 
oxyd  of  iron  muft  be  mixed  with  tlie  blue  oxyd 
of  manganefe.  Another  charaGeriftic  of  this 
oxyd  is,  that  it  is  incapable  of  combining  with 
acids  till  by  the  abforption  of  a frelh  portion  of 
oxygen,  it  has  palfed  to  the  ftate  of  the  white 
oxyd  ; as  is  manifeft  by  its  forming  with  them 
not  a blue  but  a colourlefs  folution. 

The  white  oxyd  of  manganefe  may  be  ex- 
hibited in  the  leaft  unequivocal  manner  by 


adding  cauftic  alkali  to  a concentrated  folution  of 
the  fulphat  or  muriat,  but  if  a diluted  folution 
of  the  metallic  fait  is  employed,  the  precipitate 
will  be  a dulky  brown,  probably  in  confequence 
of  the  atmolpheric  air  mixed  with  the  diluting 
water.  Bergman’s  method  of  preparing  the 
black  oxyd  in  the  higheft  ftate  of  oxydation  has 
been  already  mentioned,  but  from  the  uncer- 
tainty attending  the  procefs  it  can  hardly  be 
co..fidered  as  an  unobjeftionable  bafis  on  which 
to  found  minute  calculations.  The  mode 
adopted  by  Klaproth  feems  much  more  fatisfac- 
tory.  Having  diflblved  carbonated  manganefe 
in  nitric  acid  to  faturaticn  and  diftilled  the 
mixture  to  drynefs,  the  whole  of  the  acid  was 
thus  feparated,  and  there  remained  in  the  re- 
tort a grey  oxyd  of  a fparkling  metallic  luftre, 
exactly  fimilar  in  external  appearance  to  the 
native  grey  oxyd,  and  from  the  circumftances 
of  its  formation  quite  faturate<l  with  oxygen, 
if  the  native  cryftallized  grey  manganefe  is 
gently  ignited  till  it  ceafes  to  give  out  oxygen 
gas,  the  refult  is  a black  powder  which  feems  to 
be  extremely  fimilar  to  the  black  oxyd  of  Berg- 
man j and  if  this  is  really  the  cafe  the  black 
oxyd  muft  be  confidered  as  effentially  different 
from  the  grey,  and  ranking  after  it  in  the  order 
of  oxygenation. 

Much  yet  remains  to  be  inveftigated  before 
the  oxyds  of  manganefe  are  fully  underftood ; 
the  following  charafters,  however,  appear  to 
diftinguifh  them  fufticiently  from  one  another. 
The  blue  oxyd  contains  the  fmalleft  proportion 
of  oxygen ; it  is  folubie  in  fixed  alkalies  but  not 
in  acids. 

The  white  oxyd  is  the  next  in  order  ; it  com- 
bines with  acids,  forming  colourlefs  falts ; it 
may  be  converted  by  ignition  in  a covered  cru- 
cible to  the  ftate  of  red  oxyd,  or  to  black  oxyd 
by  gentle  calcination  in  an  open  veffel. 

The  red  oxyd  is  folubie  in  the  fulphuric  and 
muriatic  acids,  and  communicates  its  own  co- 
lour to  the  folution,  which  may  be  deftroyed 
by  the  addition  of  fugar  and  other  carbonace- 
ous fubftances  : during  its  folution  in  the  above- 
mentioned  acids  it  gives  out  no  gas. 

The  black  oxyd  is  of  a brownifh-bl.nck  co- 
lour ; by  digeftion  in  cold  muriatic  acid  it 
forms  a deep  reddifti-brown  folution,  from 
which  water  throws  down  the  w hole  of  the 
colouring  matter;  the  muriatic  folution  being 
heated  gives  out  oxymuriatic  acid,  and  the  me- 
tal pafles  to  the  ftate  of  red  ox\d.  By  gentle 
ignition  it  gives  out  little  if  any  oxygen. 

The  grey  oxyd  is  diftinguifhable  by  its  me- 
tallic luftre,  by  the  quantity  of  oxygen  gas 
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wKIch  it  gives  out  on  ignition,  by  its  little  folu- 
bility  in  cold  muriatic  acid,  and  by  the  copious 
production  of  oxymuriatic  acid  from  thefe  in- 
gredients when  heated. 

The  recently  precipitated  oxyds  of  manganefe 
eafily  pafs  by  expofure  to  the  air  from  a low 
to  a higher  ftate  of  pxydation.  It  has  alfo 
been  afl'erted  by  fome  chemifts  that  the  native 
grey  manganefe,  after  its  loofely  combined  ox- 
ygen has  been  driven  off  by  ignition,  is  capable 
of  again  fupplying  itfelf  with  a frefli  portion, 
if  made  up  into  a pafte  with  water  and  expofed 
for  fome  weeks  to  the  air  : this,  however,  if  we 
may  judge  from  our  own  experience  and  the 
concurring  teftimony  of  Dr.  Thomfon,  appears 
to  be  a miftake. 

We  now  proceed  to  confider  the  aCfion  of 
acids^  on  manganefe  and  its  oxyds. 

Sulphat  of  manganefe  maybe  prepared  in  various 
ways.  If  metallic  manganefe  and  diluted  ful- 
phuric  acid,  are  mixed  together,  a copious  effer- 
vefcence  of  hydrogen  gas  takes  place,  and  the 
metal  is  rapidly  diffolved,  leaving  behind  a black 
fpungy  matter,  which  appears  to  be  carburet  of 
iron.  The  filtered  liquor  is  perfeCfly  colourlefs, 
and  affords  by  evaporation  and  cooling,  large  ob- 
lique four-fided  prifms,  which  are  fulphat  of 
manganefe.  The  white  oxyd,  either  fimple  or 
carbonated,  may  be  fubftituted  for  the  metal  with 
the  fame  refult,  except  that  with  the  former  the 
combination  takes  place  without  the  extrication 
of  gas,  and  that  with  the  latter  carbonic  acid 
is  given  out.  If  the  red  or  either  of  the  more 
perfect  oxyds  of  manganefe  be  employed,  it  is 
neceffary  to  add  to  the  mixture  a little  fugar 
or  other  carbonaceous  fubllance  to  engage 
the  excefs  of  oxygen,  and  to  apply  a boiling  heat. 
Finally,  fulphat  of  manganefe  may  be  prepared 
by  putting  fome  black  oxyd  and  water  into  a 
Woulfe’s  apparatus,  and  throwing  in  fulphureous 
acid  gas ; the  black  colour  of  the  oxyd  difap- 
pears  by  degrees  in  confequence  of  a portion  of 
its  oxygen  being  expended  in  converting  the 
fulphureous  to  fulphuric  acid,  which  acid,  as 
foon  as  it  is  formed  diffolves  the  manganefe 
now  reduced  to  the  ftate  of  white  oxyd,  and 
the  refult  is  fulphat  of  manganefe ; no  gas  is 
difengaged  during  the  whole  of  this  procefs. 
This  fait  readily  cryftallizes,  as  we  have  already 
mentioned,  in  oblique  prifms ; it  has  an  in- 
tenfely  bitter  tafte,  is  decompofable  with  pre- 
cipitation of  its  oxyd  by  the  cauftic  or  carbon- 
ated alkalies.  By  dry  diftillation  at  a red  heat 
the  acid  is  decompofed,  fulphureous  acid  gas 


pafles  over,  and  the  manganefe  In  the  ftate  of 
black  oxyd  remains  behind  in  the  retort. 

In  the  preceding,  which  is  the  colourlefs  ful- 
phat, the  manganefe  exifts  in  the  ftate  of  white 
oxyd,  but  it  may  alfo  combine  with  fulphuric 
acid  in  the  ftate  of  red  oxyd,  forming  the  red 
fulphat  of  manganefe.  This  fait  is  prepared  by 
mixing  together  equal  parts  of  fulphuric  acid 
and  black  oxyd,  and  heating  the  mafs  in  a re- 
tort ; oxygen  gas  and  a little  fulphuric  acid 
pafs  over,  and  the  dark  colour  of  the  mixture 
difappears  ; the  retort  being  now  withdrawn, 
and  water  being  added  to  the  faline  mafs  which 
it  contains,  a violent  heat  is  produced,  and  a 
crimfon  liquor  is  obtained,  which  is  the  red  ful- 
phat. By  gradual  evaporation  it  is  reduced  to 
a fyrupy  confiftence,  and,  by  carrying  on  the 
procefs  farther,  to  a faline  mafs ; but  it  refufes 
to  fhoot  into  regular  cryftals.  A large  quantity 
of  water  partially  decompofes  it,  red  oxyd 
being  precipitated  ; with  the  fixed  alkalies  alfo 
it  yields  a red  depofit,  which  fhortly  becomes 
brown  and  then  black.  By  digeftion  with 
fugar  it  becomes  colourlefs,  and  pafles  to  the 
ftate  of  common  fulphat. 

Nitric  acid,  whether  colourlefs  or  fuming, 
a£fs  vigoroufly  on  reguline  manganefe  and  dif- 
folves it,  nitrous  gas  being  given  out : the  folu- 
tion  containing  nitrat  of  manganefe  is  as  limpid 
and  colourlefs  as  water.  Pure  nitric  acid  has 
no  a£tion  on  the  black  oxyd  ; but  when  highly 
charged  with  nitrous  gas  it  takes  it  up  without 
any  difficulty,  the  black  colour  of  the  oxyd 
and  the  orange  of  the  acid  equally  difappearing, 
in  confequence  of  part  of  the  oxygen  of  the 
metal  having  been  transferred  to  the  acid. 
Hence  colourlefs  nitric  acid  may  be  made  to 
a£t  on  the  black  oxyd  by  the  help  of  fugar  or 
any  fimilar  fubftance,  carbonic  acid  being  at 
the  fame  time  generated.  Nitrat  of  manganefe 
is  deliquefcent  and  uncryftailizable. 

Muriatic  acid  diffolves  x'eguline  manganefe, 
hydrogen  gas  being  given  out,  and  the  folution 
is  clear  and  colourlefs.  When  digefted  on  the 
white  oxyd  it  alfo  forms  a fimilar  colourlefs 
muriat  of  manganefe.  If  muriatic  acid  is  boiled 
on  the  black  oxyd,  part  of  the  acid  becomes 
converted  Into  oxymuriatic  gas  at  the  expence 
of  the  oxyd,  while  the  remainder  of  the  acid 
diffolves  the  manganefe  now  converted  into  the 
white  oxyd.  If  muriatic  acid  and  the  black 
oxyd  be  digefted  together  for  a few  hours  in 
the  cold,  no  oxymuriatic  acid  is  extricated,  the 
folution  is  of  a reddifti-brown  colour,  and  pro- 
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bably  confifts  of  a mixture  of  muriatic  and  oxy- 
muriatic  acids  combined  with  the  red  oxyd. 
The  fimple  addition  of  water  throws  down  a 
red  precipitate,  and  ufually  difcharges  the 
whole  colour  trom  the  folution.  By  ebullition 
oxymuriatic  acid  is  fet  at  liberty,  and  the  folu- 
tion becontes  much  lighter,  ftill  however  re- 
taining a faint  reddilh  tinge.  Regulme  man- 
ganefe,  when  pulverized  and  thrown  into  a 
vial  of  oxymuriatic  acid  gas  undergoes  inflam- 
mation, and  is  converted  into  the  white  oxyd. 

Both  the  regulus  and  oxyds  of  manganefe 
are  foluble  in  water  highly  impregnated  with 
carbonic  acid  ; when  the  former  is  made  ufe  of 
an  odour  like  burning  fat  is  perceivable,  owing 
probably  to  the  decompofition  of  water  and 
confequent  extrication  of  hydrogen  gas.  When 
the  folution  is  expofed  to  the  air,  part  of  the 
carbonic  acid  efcapes  and  infoluble  carbonat  of 
manganefe  is  feparated  in  the  form  of  a thin 
white  pellicle. 

The  fluoric,  boracic,  and  phofphoric  acids, 
exert  but  little  dire6t  a£Hon  on  manganefe  and 
its  oxyds,  but  by  adding  the  neutral  falts  of 
thefe  acids  to  the  fulphat  or  muriat  of  manga- 
nefe, a white  and  little  foluble  precipitate  falls 
down,  confifting  of  oxyd  of  manganefe  com- 
bined with  the  added  acid. 

Acetic  acid  by  long  digeftion  becomes  fatu- 
rated  with  oxyd  of  manganefe,  whether  the 
metal  or  any  of  its  oxyds  are  made  ufe  of  i-  it 
does  not  cryftallize  on  evaporation,  but  affords 
a deliquefcent  mafs.  But  the  moft  expeditious 
way  of  faturating  acetic  acid  with  manganefe  is 
to  digeft  the  acid  upon  the  recently  precipitated 
carbonat  as  long  as  any  gas  is  difengaged. 

Citric  acid  by  digeftion  in  the  cold  with  the 
black  oxyd  of  manganefe,  takes  up  a part  and 
becomes  Itfelf  of  a brown  colour  j if  this  folu- 
tion is  then  expofed  to  heat  an  effervefcence 
enfues,  occafioned  by  the  efcape  of  carbonic 
acid,  and  the  fluid  becomes  cdlourlefs. 

Tartareous  acid  a<£ts  precifely  in  the  fame 
manner  as  the  preceding. 

Oxalic  acid  dilTolves  the  black  oxyd  of  man- 
ganefe with  effervefcence,  and  the  folution 
when  faturated  depofits  a white  cryftalline  pow- 
der, which  is  oxalat  of  manganefe. 

The  adtion  of  the  other  acids  on  manganefe 
has  been  but  little  afcertalned ; all  that  we 
know  is  that  they  may  be  formed  by  digeftion 
with  the  recently  precipitated  carbonat  of  man- 
ganefe, the  carbonic  acid  being  feparated  in  the 
ftate  of  gas. 

The  adtion  of  the  fixed  alkalies  on  the  oxyds 
of  manganefe  has  already  been  defcribed ; it 
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only  remains  to  remark  in  addition,  that  if  to  the 
blue  or  green  mafs  produced  by  the-  fiifion  of 
fixed  alkali  and  oxyd  of  manganefe  there  be 
added  a little  charcoal -powder,  and  the  whole 
be  expofed  to  a melting-heat,  a flight  effervef- 
cence in  a fhort  time  takes  place,  and  the 
colour  gradually  changes  to  yellowifli-white. 

Ammonia  by  expofure  to  black  oxyd  of  man- 
ganefe at  a red  heat  is  entirely  deconipofed,  Its 
hydrogen  uniting  with  part  of  the  oxygen  forms 
water,  and  the  azot,  its  other  element,  by  com- 
bination with  a further  portion  of  oxygen,  pro- 
duces nitrous  acid,  as  may  be  feen  more  at 
large  under  the  article  Ammonia. 

Nitre  and  the  black  oxyd  being,  diftllled  to- 
gether, nitrous  acid  and  oxygen  gas  pafs  over ; 
what  remains  in  the  retort  is  a blue  mafs,  con- 
fifting of  oxyd  of  manganefe  and  potafli. 

Muriat  of  ammonia,  by  dry  diftiliation  with 
the  black  oxyd,  gives  out  its  ammonia,  of  which 
part  paffes  off  undecompofed,  but  the  refidue, 
with  the  liberated  oxygen  of  the  manganefe, 
forms  water  and  azot. 

The  black  oxyd,  when  fufcd  with  borax  or 
any  of  the  vitrefcent  mixtures,  communicates 
to  the  mafs  an  amethyft-red  colour  which  is 
difcharged  by  charcoal  or  any  other  deoxygen- 
ating  fubftance  and  reftored  by  nitre.  For  a 
full  account  of  the  curious  and  intricate  phe- 
nomena, which  it  exhibits  when  fufed  with 
glafs,  fee  that  article. 

Sulphur,  according  to  Bergman,  appears  to 
have  no  action  on  reguline  manganefe.  But  if 
the  black  oxyd  be  ignited  in  a retort  with  half 
its  weight  of  fulphur,  there  comes  over  a quan- 
tity of  fulphureous  acid  gas,  part  of  the  fulphur 
fublimes,  and  there  remains  in  the  bulb  of  the 
retort  a yellowifh-green  mafs,  equal  in  weight 
to  the  oxyd  employed  and  nearly  half  of  the 
fulphur.  The  manganefe  in  this  fulphuret 
feems  to  be  very  nearly  if  not  quite  in  the  re- 
guline ftate  ; for  when  digefted  with  muriatic 
or  dilute  fulphuric  or  nitric  acids,  fulphuretted 
hydrogen  gas  is  liberated,  the  manganefe  is  dif- 
folved,  and  a few  grains  of  fulphur  alone  re- 
main in  the  fluid.  By  calcination  in  an  open 
veflel  the  fulphuret  is  more  or  lefs  decompofed, 
part  of  its  fulphur  efcapes,  and  the  refidual 
mafs  acquires  a brown  colour;  If  in  this  ftate 
it  is  lixiviated  with  water  a confiderable  portion 
diflblves,  and  the  fluid  by  evaporation  and 
cooling  depofits  cryftals  of  fulphated  manga- 
nefe : tire  infoluble  refidue,  by  the  addition  of 
a little  fulphur  and  fubfequent  calcination,  may 
be  wholly  converted  into  fulphat. 

The  alkaline  hydrofulphurets  and  hydro- 
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guretted  fulpliurets  feparate  the  oxyd  of  man- 
ganele  from  its  acid  folutions  in  the  form  of  a 
white  powder,  the  properties  of  which,  how- 
ever, have  not  been  examined. 

Phofphuret  of  manganefe  has  only  been  de- 
fcribed  by  Pelletier.*^  If  equal  parts  of  vitreous 
phofphoric  acid  and  reguline  manganefe,  toge- 
ther with  charcoal  equal  in  weight  to  of  the 
other  two  ingredients,  are  accurately  mixed  in 
a mortar,  and  afterwards  expofed  to  a ftrong 
heat  in  a covered  crucible,  the  refult  will  be  a 
button  of  a white  colour  and  metallic  luftre ; 
hard,  brittle,  of  a granular  fradlure,  permanent 
in  the  air,  and  much  more  eafily  fufible  than 
the  pure  regulus.  By  fufion  before  the  blow- 
pipe the  phofphorus  burns  out,  and  the  metal 
is  converted  to  a black  oxyd. 

Oxyd  of  manganefe  and  the  exprefled  oils 
exert  a confiderable  a£Hon  on  each  other.  If 
one  part  of  finely  pulverized  black  oxyd  and 
four  parts  of  olive  oil  are  digefted  together, 
when  the  mixture  begins  to  get  moderately 
warm,  a violent  elfervefcence  takes  place,  ow- 
ing to  the  extrication  of  carbonic  acid,  and 
when  this  ceafes  the  manganefe  is  found  to  be 
entirely  diflblved  in  the  oil,  which,  when  cold, 
acquires  the  confiftence  of  falve. 

The  alloys  of  manganefe  are  of  little  im- 
portance, and  have  not  yet  been  fubje£ted  to 
much  chemical  inveftigation.  For  its  alloys 
with  gold,  lead,  copper,  and  iron,  fee  the  ac- 
counts of  thofe  metals  refpebtively. 

If  white  arfenic  and  oxyd  of  manganefe  are 
heated  together,  the  former-  is  volatilized  with- 
out at  all  combining  with  the  latter ; but  if 
arfeniat  of  potalh  and  any  of  the  falts  of  man- 
ganefe are  mixed  together,  a precipitate  of  ar- 
feniat of  manganefe  is  thrown  down  j this  being 
mixed  with  a little  charcoal  and  heated  in  a 
covered  crucible,  runs  down  into  a dark- 
coloured  eafily  fufible  metallic  button,  from 
which,  by  continued  heat  in  an  open  veflel,  the 
arfenic  is  almoft  entirely  volatilized,  leaving  the 
manganefe  behind  in  the  ftate  of  black  oxyd. 

The  only  ufe  of  manganefe  is  in  the  ftate  of 
black  oxyd.  It  is  employed  in  the  laboratory 
as  the  cheapeft  and  moft  convenient  material 
from  which  to  procure  oxygen  gas.  All  the 
oxymuriatic  acid  confumed  in  the  bleacheries 
of  Britain,  France,  and  Germany,  is  prepared 
from  manganefe  and  the  ufual  materials  of 
muriatic  acid.  Finally  it  is  largely  employed 
by  the  glafs-makers,  both  as  a colouring  mate- 
rial and  for  the  purpofe  of  deftroying  the  colour 
of  the  finer  kinds  of  glalTes  j hence  its  common 


appellation  of  glafs  foap.  It  may  be  remarked 
by  the  bye  that  this  latter  application  of  man- 
ganefe to  the  purpofes  of  art  is  by  far  the  moft 
ancient,  it  being  diftin£fly  mentioned  by  Pliny 
in  his  Natural  Hiftory,  w'hereas  the  others  do 
nbt  date  further  back  than  the  commencement 
of  pneumatic  chemiftry. 

MANHEIM  GOLD.  See  Copper  [Alloys 
P-  347- 

MARBLE.  See  Limestone. 
MARCASITE.  See  Arsknicai.  Pyrites, 
P-  93- 

MARINE  ACID.  See  Muriatic  Acid. 
MARL. 

Of  this  mineral  there  are  the  two  following 
fubfpecies. 

1.  Sub/p.  Earthy  marl.  Merge!  erde,^&xn. 
Marne  terreiife^  Broch. 

Its  ufual  colour  is  yellowilh-grey,  pafting 
fometimes  to  Ifabella-yellow,  alfo  alh-grey,  yel- 
lowifli  and  greyifti  white.  It  is  dull,  and  is 
compofed  of  more  or  lefs  cohering  dufty  parti- 
cles ; it  foils  a little,  is  meagre,  and  fomew'hat 
rough  to  the  touch.  It  is  light,  fometimes  al- 
moft fufticiently  fo  as  to  float  on  water. 

It  effervefees  powerfully  wdth  acids,  and  is 
readily  fufible  by  the  blowpipe. 

It  occurs  in  beds  in  fecondary  limeftone  and 
the  more  recent  fandftone,  and  frequently  con- 
tains fhells.  It  is  employed  in  pottery,  but  itt 
moft  important  ufe  is  in  agriculture  as  a manure 
for  four  clay,  fand,  or  peat. 

2.  Suhfp.  Indurated  marl.  Verharteter  mer~‘ 
gel,  Wern.  Marne  endurcie,  Broch. 

Its  colour  is  fmoke-grey,  yellowifti,  bluifli,, 
or  blackifli  grey,  yellowifli-white,  ochre-yellow, 
and  brownifti-red.  It  occurs  in  mafs.  It  is 
dull,  fometimes  flightly  glimmering  from  an 
admixture  of  foreign  particles.  Its  fracture  is 
earthy,  or  fplintery  pafting  into  conchoidal,  or 
flaty.  It  breaks  into  indeterminately  angular 
or  flaty  fragments.  It  is  opake,  moderately 
foft,  brittle,  and  eafily  frangible. 

Like  the  preceding  it  forms  a greyifli-black 
glafs  before  the  blowpipe,  and  effervefees  vi- 
goroufly  with  acids. 

It  occurs  principally  in  fecondary  limeftone, 
alternating  in  beds  with  it  or  forming  nefts  in 
it it  is  alfo  met  with  in  the  independent  coal 
formation. 

It  readily  difintegrates  by  expofure  to  the 
weather,  and  is  in  great  requeft  with  the  farmer. 
It  frequently  contains  Ihells. 

In  agriculture  the  following  varieties  of  marl 
are  ufually  diftinguifhed. 
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Common  marl,  which  includes  not  only  the 
earthy  mar!  but  ibme  varieties  of  potters  clay ; 
ftone  marl,  which  is  the  earthy  indurated ; 
Hate  marl,  which  is  the  flaty  indurated  ; and  fhell 
marl,  which  is  either  the  earthy  or  indurated, 
abounding  with  (hells. 

MARLI TE,  bituminous,  Kirw.  Bituminofer 
mergelfchiefer,  Wern.  Schi/fe  marno-bitumineux, 
Broch. 

Its  colour  is  greyifh  or  brownifh  black.  It 
occurs  in  mafs.  The  furface  of  its  frafture  is 
either  rough  and  dull  or  (lightly  glimmering, 
or  fmooth  and  gliftening  or  (hining. 

Its  fracture  is  plane  or  waved  (laty.  Its  frag- 
ments are  (laty.  It  is  opake,  acquires  a polifh 
by  fri«Tion,  is  foft,  eafily  frangible,  fomewhat 
meagre  to  the  touch,  and  moderately  heavy. 

It  efFervefees  with  acids,  and  when  expol’ed 
to  the  blowpipe  gives  out  a bituminous  odour 
and  a weak  flame,  and  then  fufes  into  a black 
fcoria. 

It  occurs  in  beds  with  the  oldeft  fecondary 
Umeftone.  It  is  often  mixed,  more  or  lefs, 
with  various  ores  of  copper,  efpecially  the  py- 
ritical  and  vitreous  •,  alfo  more  rarely  with  the 
blue  or  green  carbonated  or  native  copper. 
When  this  is  the  cafe  it  is  often  regularly 
worked  as  an  ore  of  copper. 

A remarkable  circumdance  relating  to  this 
mineral  is,  that  it  contains  petrified  fi(h  and 
vegetable  remains,  arranged  in  regular  bands  ; 
the  bodies  of  the  fifli  are  carbonized,  and  the»r 
fcales  often  plated  with  copper  ore : notwith- 
flanding  the  regularity  of  the  layers  each  fi(h  is 
in  a contorted  and  convulfed  pofition,  as  if  it 
had  fuddenly  undergone  a violent  death. 

It  occurs  at  Eifleben  and  Ilmenau  in  Thu- 
ringia, and  Riegelfdorf  in  Heffia. 

MARTIAL  ETHIOPS.  See  Iron,  p.  6i  2. 

MARTIAL  FLOWERS.  See  Iron,  p. 
622. 

MARTIAL  REGULUS  OF  ANTIMO- 
NY. See  Antimony,  p.  Bo. 

MARTIAL  TINCTURE.  See  Iron,  p. 
622. 

MARTIAL  VITRIOL.  See  Iron,  p.  614. 
MASSICOT.  See  Lead. 

MASTICH.* 

The  piftachia  lentifeus  is  a fmall  tree,  about 
ten  or  twelve  feet  high,  that  grows  in  feveral 
of  the  illands  of  the  Archipelago,  but  is  culti- 
vated with  peculiar  care  and  fuccefs  in  the 
ifland  of  Chio.  In  the  month  of  Auguft  tranf- 
verfe  incifions  are  made  in  the  bark  of  this  tree, 
from  which  there  oozes  out  in  tire  fpace  of  a 
• Murray,  Apparat.  Med.  1.  p.  117. 


few  hours  a pellucid  refin.  This  refin  is 
called  maftich,  and  when  pure  is  in  the  form 
of  little  round  drops  or  tears,  of  a very  pale 
amber  colour  ; a piece  recently  broken  is  quite 
tranfparent,  but  by  expofure  to  the  air  it 
becomes  fomewhat  pulverulent  fuperficially, 
and  hence  femitranfparent.  Its  fp.  gr.  is  1.074. 
This  refin,  efpecially  when  gently  warmed; 
has  a faint  but  not  unpleafant  odour,  which 
becomes  ftronger  and  more  grateful  when  it  is 
melted  j it  has  fcarcely  any  fenfible  flavour ; 
when  mafticated  it  grows  foft  like  wax,  and 
acquires  an  ivory  whitenefs  ; water  boiled  upon 
it  becomes  impregnated  with  its  odour,  but  the 
maftich  lofes  hardly  any  weight  by  the  procefs. 

Iri  its  habitudes  with  acids  and  alkalies  maf- 
tich does  not  perceptibly  differ  from  the  other 
refins.  By  digeftion  with  alcohol  it  is  feparated 
into  two  portions^  theone  foluble  in  this  fluid  and 
the  other  infoluble  ; the  former  compofes  about 
■f-  of  the  whole,  and  is  pure  refin  ; the  latter  in 
moft  of  its  properties  clofely  refembles  caout- 
chouc. The  prefence  of  this  fubftance  in  maf- 
tich was  firft  remarked  by  Kunde,  an  apothe- 
cary of  Berlin,  whofe  obfervations  have  fince 
been  confirmed  by  Mr.  Matthews.'’  After 
folution  of  the  refin  in  alcohol  an  inflammable 
refidue  is  left  behind  of  a white  colour,  con- 
fiderably  elaftic  and  adhefive  ; when  heated  it 
becomes  brown,  emitting  an  inflammable  gas, 
and  in  this  (late  greatly  refembles  common 
caoutchouc,  except  in  being  (lightly  glutinous. 
It  is  perfedUy  foluble  in  waftied  fulphuric  ether 
from  which  it  is  precipitable  by  alcohol  in  the 
form  of  a white  curd.  It  is  wholly  infoluble 
in  water.  By  digeftion  with  nitric  acid  it  is 
converted  into  a yellow  brittle  porous  mafs, 
nitrous  gas  being  at  the  fame  time  given  out ; 
it  is  charred  by  fulphuric  acid,  to  which  it 
communicates  a deep  (fomewhat  muddy)  crim- 
fon  colour,  with  the  evolution  of  fulphureous 
acid.  Neither  the  muriatic  nor  oxymuriatic 
acids,  nor  the  alkalies  whether  cauftic  or  car- 
bonated, have  any  adfion  on  it ; in  all  which 
particulars  it  agrees  with  caoutchouc. 

In  the  Turkilh  dominions  maftich  is  in  great 
requeft  among  the  women,  as  a mafticatory, 
and  the  produce  of  the  Chian  plantations  is  faid 
to  be  appropriated  to  the  ufe  of  the  emperour’s 
feiaglio.  In  the  other  countries  of  Europe  it  is 
employed  medically  in  fumigations,  and  by 
painters  and  other  artifts  in  the  compofition 
of  the  tougher  kinds  of  varnifhes. 

MATRASS,  an  article  of  chemical  apparatus. 
See  Appendix. 

* Nich.  Journ.  x.  p.  *47, 
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MATT.  The  produce  of  the  firft  fufion  of 
a fulphuretted  ore  is  called  a matt^  a term  pro- 
bably adopted  from  the  German  miners  •,  for 
the  word  in  that  language  fignifies  dull,  with- 
out luftre,  a charafter  that  is  applicable  with 
'great  juftice  to  mod;  of  the  half  fulphurized 
reguli  when  compared  to  the  fame  metals  in 
their  pure  date. 

MEASURES  and  WEIGHT&r-' " See  the 
Appendix.  / 

MEERSCHAUM*  Wem.  Ecume  'de  mer, 
1 rcch.  KefFekil,  Kirw. 

Its  colour  is  yellowifh-white  paffing  to  Ifa- 
bella-yellow,  of  greyilh  or  reddifh.  It  occurs 
in  mafs.  It  is  dull.  Its  fradiure  is  fine-grained, 
earthy,  palling  into  flat  conchoidal,  or  fmall 
flaty  •,  its  fragments  are  indeterhiinately  angular, 
moderately  Iharp-edged.  It  is  opake,  foft,  eafily 
frangible,  acquires  a polilh  by  fridlion,  is  more 
or  lefs  undluous  to  the  touch,  fp.  gr.  i.6. 

It  is  partly  foluble  in  acids  without  efFervef- 
cence,  and  is  infufible,  without  addition,  before 
the  blowpipe. 

It  has  been  analyfed  both  by  Wiegleb  and 
Klaproth  with  the  following  refults: 

Wiegleb  Klaproth 

54.16  _ 50.  5 — 41 
51.66  •—  17.25  — 18.25 
— 0.5  — 0.5 

— 39-0 


Silex 
Magnefia 
Lime 
Water  i 
Carbonic  acid 


105.82  — 98.25  — 98  75 


Much  of  the  apparent  difference  between 
thefe  analyfes  will  be  removed  by  obferving 
that  Kliaproth  analyfed  the  frefli  earth,  whereas 
the  fpecimen  examined  by  Wiegleb  was  a to- 
bacco pipe  made  of  the  fame  earth,  but  of 
courfe  baked,  and  therefore  deprived  of  water 
and  carbonic  acid.  A third  fpecimen  analyfed 
by  Klaproth  yielded  confiderably  more  magnefia 
and  lefs  filex  than  the  other  two,  and  therefore 
approached  nearly  to  that  examined  by  Wiegleb. 

Meerfthaum  is  ufed  in  various  parts  of  the 
Turkilh  dominions  as  fullers*  earth  is  with  us ; 
it  is  alfo  employed  by  the  Turkifh  women  in- 
ftead  of  foap  in  wafhing  their  hair,  the  bowls  of 
the  Turkilh  pipes  are  alfo  made  of  it. 

The  mofl;  valued  fort  of  this  mineral  is  found 
in  the  Crimea,  whence  it  ufed  to  be  exported  in 
great  quantity  to  Conftantinople  under  the 
name  of  kelFekil,  or  earth  of  Kaffa,  fo  called 
from  the  town  in  the  Crimea  where  it  was 
{hipped^  It  is  alfo  found  in  Natolia,  and  the 


Iflands  of  Samos  and  Negropont  In  the  Archi- 
pelago. It  forms  thin  beds,  and  when  recently 
dug,  is  faid  to  be  in  a foft  party  rtate,  but 
becomes  harder  by  expofure  to  the  air. 

An  earthy  fubftanee,  fimilar  to  the  above,  has 
been  found  by  Fabbroni  at  Cartel  del  Piano, 
near  Sienna  ; it  confirts  of  55  fi-lex,  25  magnefia, 
12  alumine,  3 lime,  and  o.i  oxyd  of  iron  ; and 
is  the  material  of  which  he  has  made  bricks  fo 
light  as  to  float  in  the  water  ; thus  rertoring 
one  of  the  lort  arts  recorded  by  Strabo  and 
Pliny. 

MELANITE*.  Melanit,  Black  gar- 

net of  mort  mineralogirts. 

Its  colour  is  velvet-black  inclining  to  greyilh- 
black.  It  occurs  cryrtallized  in  fix-fided  prifms, 
terminated  at  each  extremity  by  an  obtufe  tri- 
hedral pyramid,  the  planes  of  which  are  fet  on 
the  alternate  edges  of  the  prifm ; the  prifm 
itfelf  is  not  unfrequently  truncated  on  its  lateral 
edges.  Its  cryrtals  are  middle-fized  and  fmall. 
Externally  It  is  fmooth  and  fliining,  approaching 
to  refplendent ; internally  It  is  Ihining,  approacb- 
ing  to  glimmering.  Its  frafture  is  imperfectly 
flat  conchoidal,  with  fometimes  a tendency  to 
foliated : its  natural  joints  obliquely  interfeft 
each  other  in  two  directions.  Its  fragments  are 
indeterminately  angular  and  fharp-edged.  It  is 
opake,  hard,  pretty  eafily  frangible,  fp.  gr..  3.69 
to  3 8. 

Both  Klaproth  and  Vauquelin  have  publiflied 
analyfes  of  this  mineral,  but  they  differ  fo  con- 
fiderably as  to  render  it  probable  that  the  one 
or  the  other  has  operated  on  a different  fub- 
rtance  from  the  true  melanite.  The  following 
are  the  refults. 

Klapr.  Vauq. 

Silex  ....  40  — 35 

Alumine  . . . 28,5  — 6 

Lime  ....  3.5  — 32 

Magnefia  . . 10.  — o 

Oxyd  of  iron  . 16.5 


Ditto  of  manganefe  o 25 


}- 


25 


98.75  98 

It  has  hitherto  been  found  only  in  Italy,  at 
Frafcati,  and  St.  Albano,  near  Rome. 

MELLITE  or  HONEYSTONE.*  Honig- 
Jlein,  Wern.  Mellililite,  Kirw.  MelhiCy  Broch. 
and  Hauy. 

Its  colour  is  honey-yellow,  palling  into  pale 
wax  and  rtraw  yellow.  It  occurs  in  detached 
grains,  and  cryrtallized.  Its  primitive  figure  is 
an  ocflohedron,  formed  by  two  four-fided  pyra- 
mids, the  common  bafe  of  which  is  a perfeii 


• Brechant.  Jamcfon. 


* Jamefon.  Brochant. 


* Brochant.  Hauy.  Jamtfon. 
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ft]uare,  and  the  incidence  of  each  face  in  one 
pyramid,  on  its  correfponding  face  in  the  other 
pyramid  is  93°.  22'.  Befides  the  above 
form  it  prefents  the  two  following  varieties. 

1.  The  primitive  oftohedron  with  all  the 
folid  angles  replaced  by  fmall  quadrilateral 
planes,  the  furfaces  of  which  are  not  unfre- 
quently  curvilinear. 

2.  I'he  primitive  oftohedron  with  the  lateral 
angles  deeply  truncated,  thus  forming  a dode- 
cahedron, difering  however  in  the  meafurement 
of  its  angles  from  the  rhomboidal  or  garnet 
dodecahedron. 

The  cryftals  are  fmall,,  and  very  fmall ; their 
furface  is  commonly  fmooth  and  Ihining.  In- 
ternally it  is  fplendent  with  a luftre  between 
vitreous  and  refinous.  Its  frafture  is  perfe£Hy 
conchoidal ; its  fragments  are  indeterminately 
angular.  It  is  tranfparent,  palling  into  opake, 
and  polfelTes  a double  refraftion.  It  is  fofter 
than  amber;  is  brittle,  and  eafily  frangible. 
Sp.  gr.  1.58  to  1.66.  It  becomes  eleflric  by 
fri£Hon,  but  continues  fo  only  for  an  inllant. 

When  ignited  in  the  open  air  it  firft  becomes 
opake,  and  of  a greyilh-white  fpotted  with 
black,  at  length  it  acquires  the  colour  and  con- 
fillei’.ce  of  chalk  ; no  frnoak  or  flame  are  obfer- 
v.tble  during  the  whole  of  this  procefs. 

According  to  the  experiments  of  IClaproth^ 
it  exhibits  the  following  properties. 

When  finely  pulverized,  and  boiled  with  a 
large  quantity  of  water,  it  forms  an  acidulous 
folution,  and  leaves  behind  a light-grey  flimy 
earth. 

It  is  entirely  foluble  in  nitric  acid  without 
heat.  With  muriatic  acid  it  affords  a fome- 
what  turbid  folurion.  In  concentrated  fulphu- 
ric  acid  it  breaks  down  into  a white  flocculent 
matter,  which,  by  fubfequent  dilution  with 
water,  is  entirely  taken  up. 

A folution  of  cauftic  foda  firft  converts 
mellite  into  a loofe  flocculent  fubftance,  and 
then  diflblves  the  greater  part  of  it. 

Ammonia,  by  cold  digeftion  for  fome  hours 
in  a clofed  bottle,  produces  a compleat  difinte- 
gration : the  earthy  part  is  left  behind  in  the 
form  of  a greyilh  flime,  and  the  acid  combines 
with  the  ammonia  into  a cryftallizable  fluid. 

Mellite,  projefted  on  melted  nitre,  caufes  a 
flight  fcintillation,  and  the  white  earthy  part 
remains  mixed  with  the  faline  refidue. 

When  boiled  with  a folution  of  carbonated 
foda,  a moderate  effervefcence  takes  place,  and 
when  this  ceafes,  there  remains  a white  earth, 
which  is  alumine,  with  a fmall  cafual  admixture 
of  filex.  The  fupernatant  liquor,  when  exa£Uy 


neutralized  with  acetic  acid,  aqd  evaporated  to 
drynefs, . leaves  behind  a faline  mafs,  which, 
after  the  acetat  of  foda  has  been  waflied  out 
by  alcohol,  furnifties  by  folution  in  water  and 
evaporation  cryftals  of  a neutral  fait.  Hence  mel- 
lite confifts  efl'entially  of  an  acid  and  alumine. 

The  moft  fatisfaftory  of  the  analyfes  per- 
formed on  this  fubftance  by  Klaproth,  is  the 
following. 

a.  400  grains  of  mellite  reduced  to  a fine 
powder  were  boiled  three  feveral  times  with  60 
ounces  of  diftilled  water  each  time : there  re- 
mained behind  an  earthy  refidue  weighing, 
after  being  dried,  210  grains. 

b.  The  watery  folution  being  concentrated 
in  a gentle  warmth,  till  it  became  thick,  was 
mixed  with  alcohol,  by  which  it  acquired  a 
pitchy  confiftence,  but  at  length  by  continued 
trituration,  it  diflblved  in  this  fluid,  with  the 
exception  of  fome  earthy  flocculi,  which,  when 
walked  and  dried,  weighed  22  grs.  When 
thefe  were  feparated,  the  clear  liquor  yielded, 
by  evaporation,  a brownilli  faline  mafs,  weigh- 
ing  92  grains. 

f.  This  brown  fait,  by  two  fucceflive  evapo- 
rations and  folutions,  was  procured  in  diftinftly 
cryftallized  needles,  and  was  pure  mellitic  acid. 

d.  The  infoluble  refidues  of  a and  b,  by  ex- 
pofure  to  a red  heat,  gave  out  a weak  fweetilh 
odour,  owing  to  the  combuftion  of  a fmall  por- 
tion of  acid,  and  were  reduced  to  a greyilK 
white  powder,  weighing  64  grs.  I'his,  when 
treated  with  four  times  its  weight  of  ftrong 
fulphuric  acid,  coagulated  into  a cryftalline 
mafs,  which,  by  re-lolution  in  water,  left  be- 
hind 1 1 grs.  of  refidue. 

e.  Thefe  ii  grs.  by  digeftion  with  muriatic 
acid  were  reduced  to  5.5  which  were fdex. 

f The  muriatic  folution  of  e afforded,  with 
prufliat  of  potalh,  a fmall  portion  of  blue  preci- 
pitate, indicating  0.5  gr.  of  iro?i. 

g.  From  the  clear  folution  of  f,  carbonated 
foda  threw  down  fome  alumine,  which  being 
rediffolved  in  fulphuric  acid,  was  added  to  the 
fulphuric  folution  of  d.  By  the  addition  of 
acetat  of  potafh,  the  whole  Ihot  into  cryftals  of 
alum,  which,  when  treated  with  carbonat  of 
ammonia,  afforded  alumine  to  the  amount  of 
58  grs.  after  ignition. 

Hence  thefe  400  grs.  of  mellite  are  com-- 
pofed/of  5.5  Silex 
0.5  Iron 
58.0  Alumine 

336.0  Mellitic  acid,  water,  and  lofs 
which  gives  per  cent. 


* Ahatyt.  Eff.  II.  p.  93, 
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1.375  Silex 

0.125  Iron 
14.5  Alumine 

84.  Mellitic  acldj  water,  and  lofs 


100.000  ■ 


Mellite  is  a mineral  of  very  rare  occurrence, 
having  hitherto  been  found  only  at  Aertern  in 
Thuringia,  Langenbogen  in  the  diftrict  of  Saal, 
and  in  Switzerland.  It  occurs  on  bituminous 
wood,  and  earthy  coal,  and  is  generally  accom- 
panied by  fulphur. 

MELLITIC  ACID.- 

This  acid  obtained  as  mentioned  in  the  pre- 
ceding article,  cryftallizes  in  finely  fibrous  and 
fpherical  mafles,  or  in  minute  Ihort  prifms. 
Its  tafte  is  fweetiflr-four  with  a bitterifh  flavour. 
It  is  decoinpofed  by  ignition  into  a dark-grey 
I'moak,  pofleffing  very  little  odour,  and  leaves 
behind  a fmall  portion  of  afhes  that  are  neither 
alkaline  nor  acidulous.  It  is  not  convertible 
into  oxalic  acid  by  digeftion  with  nitric  acid. 
If  dropped  into  a folution  of  cauftic  lime, 
barytes,  or  ftrontian,  it  immediately  produces  a 
white  precipitate,  which,  however,  is  again 
taken  up  by  muriatic  acid.  It  decompofes 
acetat  of  barytes,  acetat  of  lead,  nitrat  of  mer- 
cury, and  nitrat  of  iron,  but  all  thefe  precipi- 
tates are  refoluble  in  nitric  acid.  It  produces 
no  change  in  nitrat  of  filver  or  muriat  of  cop- 
per. When  added  to  muriat  of  barytes,  it 
caufes  no  alteration  at  firft,  but  foon  brings  on 
a copious  depofit  of  cryftalline  needles. 

With  potalh  it  forms  a neutral  fait,  of  a 
ftriated  cryftalline  appearance. 

With  foda  it  affords  cryftals  in  the  form  of 
cubes  or  triangular  plates. 

With  ammonia  it  affords  clear  hexahedral 
prifms,  which,  by  expofure  to  the  air,  lofe  their 
tranfparency,  and  acquire  a filvery- white  appear- 
ance. 

MENACHANITE.  See  Titanium. 
MENSTRUUM. 

This  term  is  nearly  fynonimous  with  Sol- 
vent, which  fee. 

MERCURY  or  QUICKSILVER.  Mer~ 
cure,  Urgent  vif,  Er.  Qitechjtlber , Germ. 

Mercury  is  a metal  of  a lilvery- white  colour, 
and  fluid  at  the  ufual  atmofpherical  temperature. 

§.  I . Ores  of  Atercury.^ 

Sp.  I.  Native  Mercury.  Mercure  natif, 
Broch.  Gediegen  Queclfdher,  Wern. 

' Its  colour  is  between  tin  and  filver-white.  It 
occurs  diffeminated  in  globules  of  various  fizes. 


or  collefled  in  the  cavities  of  mines.  It  has  a 
very  brilliant  metallic  luftre,  is  opake,  perfedHy 
fluid,  cold  to  the  touch,  and  does  not  adhere  to 
the  fingers.  Sp.  gr.  13.56. 

Native  mercury  is  generally  very  pure,  but 
fometimes  it  contains  a little  filver,  thus  form- 
ing an  intermediate  variety  between  this  fpecies 
and  the  next.  In  proportion  to  the  amount  of 
the  filver  its  fluidity  is  diminiflied. 

It  occurs  in  marlite,  calcareous  fpar.  Indu- 
rated clay,  argillaceous  fchiftus,  quartz,  &c. 
accompanied  for  the  moft  part  by  cinnabar  and 
pyrites. 

It  is  met  with  in  the  mines  of  Idria  in  Car- 
niola,  at  Mofchellandfberg  in  Deux  Fonts, 
Almaden  in  Spain,  and  Guanca  Velica  in  Peru. 

&p.  2.  Native  Amalgam.  Amalgame  mtify 
Broch.  Naturliches  Amalgam,  Werm.  Mer- 
cure Argental,  Hauy. 

Its  colour  is  filver-white  or  greylfh,  fometimes 
iridefcently  tarnifhed.  It  occurs  rarely  in  mafs, 
more  commonly  diffeminated,  invefting,  in  fmall 
veins  or  cryftallized.  The  forms  of  its  cryftals 
are, 

1.  The  regular  o£Iohedron  truncated  on 
the  edges. 

2.  The  rhomboldal  dodecahedron. 

3.  The  preceding  truncated  on  the  edges. 

The  cryftals  are  fmall  and  very  fmall,  and 

for  the  moft  part  ill  determined.  Its  furface 
varies  from  much  to  little  fhining,  according  as 
It  is  fmooth  or  rough.  Internally  it  is  ftiining 
or  little  fhining,  with  a metallic  luftre.  Its 
frafture  is  uneven,  paffmg  into  flat  conchoidal. 
It  is  foft,  often  very  foft.  It  is  more  or  lefs 
brittle  according  to  the  proportion  of  filver  that 
it  contains.  It  creaks  when  cut } and  is  very 
heavy. 

On  expofure  to  the  blowpipe  the  mercury 
is  volatilized,  and  a bead  of  pure  filver  remains 
behind.  A cryftallized  fpecimen,  analyfed  by 
Klaproth,  afforded 
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‘ Klaproth. 


‘ Lenz.  Born.  Emmerling, 


In  fome  of  the  pafty  femifluld  varieties  how- 
ever, the  proportion  of  filver  is  as  low  as  lo 
per  cent. 

It  has  fometimes  been  miftaken  for  native 
filver,  but  may  be  at  once  diftinguifhed  by  its 
property  of  whitening  gold  when  rubbed  upon  it. 

It  occurs  only  in  thofe  mines  where  veins  of 
mercury  are  croffed  by  or  mixed  with  others  of 
Brochant.  Kirwan.  Hauy.  Jamefon. 
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filver.  Hence  it  never  occurs  in  the  mines  of 
Idria  or  Almaden,  but  is  far  from  rare  in  thofe 
of  Rofenau,  in  Upper  Hungary  ; it  is  alfo  met 
with  at  Sahlberg  in  Sweden,  Mbrsfeld,  in  the 
Palatinate,  and  Mofchellandlberg,  in  Deux 
Fonts. 

it  is  ufually  found  in  red  and  grey  indurated 
clay,  accompanied  by  native  mercury,  fpathofe 
iron  ore,  grey  antimony,  and  grey  copper. 

Sp.  2-  Liver-coloured  mercurial  ore.  Queck- 
filter  lebererz,  Wern.  Mercure  hepatique,  broch. 
Of  this  fpecies  there  are  the  two  following 
varieties. 

1 Far.  Compadf. 

The  colour  is  intermediate  between  dark 
cochineal  red  and  lead-grey.  It  occurs  maflive. 
Internally  it  has  a glillening  femi-metallic  luftre. 
Its  frafture  is  even,  paffing  into  fine  grained 
uneven,  or  impcrfedlly  flat  conchoidal.  Its 
fragments  are  indeterminately  angular,  fome- 
what  blunt  edged.  It  is  opake  j receives  a 
polifh  by  fridlion,  and  gives  a ftreak  of  a co- 
chineal red  colour.  It  is  foft,  may  be  cut  by  a 
knife,  and  is  eafily  frangible,  fp.  gr.  7. 1 8 to  7.93. 

2 Far.  Slaty. 

Its  colour  is  the  fame  as  the  preceding,  only 
a little  more  red.  It  occurs  in  mafs.  Its  lon- 
gitudinal fradlure  is  fliining  with  a metallic 
luftre  i its  crofs  fra£l:ure  is  only  glimmering. 
Its  longitudinal  fradlure  is  thick  and  curved 
flaty ; its  crofs  fracture  is  compadt  and  even. 
Its  fragments  are  flaty  j it  is  opake,  and  very 
eafily  frangible. 

Both  thefe  varieties  are  mixed  with  cinnabar, 
native  mercury,  iron  pyrites  and  clay.  The 
produce  of  mercury  varies  from  lefs  than  20  to 
more  than  70  per  centj  the  compadt  is  ufually 
'the  richeft,  containing  a lefs  proportion  of 
earthy  matter  than  the  other.  It  has  not  been 
analyfed  with  much  accuracy,  but  it  appears 
that  at  leaft  a confiderable  portion  of  its  mer- 
cury is  in  the  ftate  of  fimple  red  oxyd. 

It  occurs  in  abundance  at  Frioul  in  Iftria, 
Almaden  in  Spain,  in  the  Duchy  of  Deux  Fonts, 
and  Nertfchinfk  in  Siberia. 

Sp.  4.  Bituminous  mercurial  ore. 

Of  this  there  are  the  two  following  varieties. 

r.  Far.  Branderz. 

This  is  a kind  of  coarfe  coal  of  a reddifti- 
black  colour.  It  occurs  in  mafs,  or  in  balls  dif- 
feminated  through  bituminous  fhale.  When 
heated  it  takes  fire,  and  burns  with  a white 
flame. 

2.  Far.  Corallenerz. 

This  is  the  bituminous  Ihale  in  which  the 
balls  of  the  preceding  variety  are  implanted. 


and,  like  that,  it  burns  when  heated,  with  a 
white  flame. 

The  bituminous  mercurial  ore  occurs  at  Idria 
in  Carniola,  and  Nertfchinlk  in  Siberia,  in  con- 
fiderable abundance : it  contains  from  2 to  20 
per  cent,  of  mercury.  It  has  not  been  analyfed, 
but  k is  certain  that  part  of  the  mercury  that  it 
contains  is  in  the  native  ftate,  the  reft  is  fuppo- 
fed  for  the  moft  part  to  be  In  the  ftate  of  muriat. 

Sp.  5.  Cinnabar.  Zi amber,  Wern.  C//J- 
nahre,  Broch. 

Of  this  there  are  the  three  following  fub- 
fpecies. 

I.  Stihfp.  Common,  or  dark  red,  C.  Dun- 
kel  rather,  Z.  Wern. 

Its  colour  is  cochineal-red,  which  in  fome 
varieties  pafles  to  carmine-red,  and  in  others  to 
lead-grey.  It  occurs  in  mafs,  diflTeminated,  In- 
vefting,  cellular,  dendritic  or  cryftallized.  The 
primitive  form  of  its  cryftals  is  the  regular  hex- 
ahedral  prifm,  befides  which  the  following 
varieties  occur. 

1.  The  fame  with  three  alternate  terminal 
edges  of  the  prifm-  deeply  bevilled. 

2.  A tetrahedral  pyramid. 

3.  An  odfohedron,  compofed  of  two  tetrahe- 
dral pyramids. 

4.  A Angle  trihedral  pyramid. 

5.  A double  trihedral  pyramid,  either  with 
or  without  an  intervening  trihedral  prifm. 

6.  The  fame  as  var.  i.  curved  into  a lenti- 
cular form  by  the  addition  of  feveral  irregular 
truncatures. 

The  cryftals  are  fmall,  and  very  fmall,  and 
ufually  occur  in  clufters.  The  cryftals  are 
fplendent  externally  and  internally,  are  more  or 
lefs  fhining  with  almoft  a femi-metallic  luftre. 
Its  fradlure  is  fine-grained  uneven,  fometimes 
even  and  conchoidal  j alfo  as  it  approaches  to 
the  cryftalline  ftate,  more  or  lefs  perfe£liy  foli- 
ated. Its  fragments  are  indeterminate  and 
blunt -edged.  The  foliated  varieties  prefent 
fine-grained  diftindl:  concretions.  The  maflive 
cinnabar  is  opake,  or  at  moft  tranflucent  on  the 
edges  ; the  cryftallized  is  tranflucent,  and  femi- 
tranfparent.  It  acquires  a luftre  by  fridtion, 
and  when  pulverized  is  of  a fcarlet-red  colour. 
It  is  foft,  may  be  cut  with  a knife,  and  is  eafily 
frangible.  Sp  gr.  of  the  compadt,  when  mode- 
rately pure,  7.2  to  7.3^  of  the  cryftallized,  10. 1 2- 
Its  conftituent  parts  according  to  Lampadius 
are  81.  Mercury 

1.5.2  Sulphur 
4.7  Iron 
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Before  the  blowpipe  it  is  almoft  entirely 
volatilizable  with  a blue  flame,  and  a fulphu- 
xeous  odour. 

Cinnabar  occurs  in  two  diftin£l:  rock-forma- 
tions. It  is  found  mod  abundantly  in  the 
independent  coal-formation  : alfo  in  beds  inter- 
pofed  between  primitive  argillaceous  fchiftus 
and  chlorite  flate,  accompanied  by  quartz,  cal- 
careous fpar,  fpathofe  iron,  micaceous  iron,  and 
iron  and  copper  pyrites. 

The  mod  abundant  European  mines  of  Cin- 
jiabar  are  at  Idria  in  Carniola,  and  Almaden  in 
Spain,  in  the  independent  coal-formation.  It 
occurs  more  fparingly  in  primitive  drata  at 
Mbrsfeld  in  the  Palatinate,  Mofchellandfberg 
in  the  territory  of  Deux  Fonts  ; alfo  in  Saxony, 
.Bohemia,  Hungary,  and  Tranfylvania.  It  is  nxet 
with  in  Japan,  Kamtfchatka,  and  Siberia  in 
Afia,  and  near  Guanca  Velica  in  Peru. 

2.  Subfp,  Fibrous  cinnabar.  Hochrother-t  Z. 
Wern. 

Its  colour  is  bright  fcarlet,  palling  to  crimfon 
and  Aurora-red.  It  occurs  in  mafs  and  difle- 
minated.  Internally  it  is  glimmering  with  a 
filky  ludre,  but  its  crofs  frafture  is  dull.  Its 
frafture  in  one  diredion  is  fine-grained  earthy, 
in  the  other  is  minutely  fibrous.  Its  fragments 
are  indeterminately  angular,  blunt-edged  j it  is 
cpake ; acquires  a flight  polifh  by  fridion,  and 
when  pulverized  is  of  a fcarlet-red.  It  dains 
the  fingers  in  a fmall  degree ; is  very  foft,  palfing 
to  friable;  may  be  cut  with  a knife;  and  is  of 
great  fpecific  gravity. 

It  is  a rare  mineral,  and  is  always  accompa- 
nied by  the  preceding  fubfpecies  : it  is  princi- 
pally found  in  the  Palatinate. 

3.  ^uhfp.  Hepatic  Cinnabar.  Gnnahre  alca- 
liriy  Born. 

Its  colour  is  bright-red ; it  occurs  in  mafs  ; 
its  fra<dure  is  foliated;  its  fragments  are  rhom- 
boidal ; it  is  tranfparent.  By  fri£lion  it  exhales 
a very  drong  odour  of  fulphuretted  hydrogen. 
It  occurs  in  white  calcareous  fpar  at  Idria  in 
Carniola. 

Sp.  6.  Horn  Mercury.  Qi/edjilber  Hornerz, 
Wern.  A4ifie  de  merciire  cor?iee,  Broch. 

Its  colour  is  adi-grey,  pading  into  yellowilh- 
grey,  greyiflr-white,  and  greenilh-grey  ; when 
penetrated  as  it  fometimes  is  with  native  mer- 
cury it  is  blackifh-grey.  It  occurs  very  rarely 
in  mafs,  mod  frequently  in  fmall  and  thin  tu- 
bercular cruds,  the  cavities  of  which  are  lined 
with  minute  crydals,  alfo  in  fmall  globules 
formed  by  the  aggregation  of  crydals.  The 
only  well  afcertained  form  of  its  crydals  is  a 
dodecahedron  compofed  of  a four-fided  prifm 


terminated  by  tetrahedral  pyramids.:  the  planes 
of  the  prifm  are  hexagons,  thofe  of  the  furamits 
are  rhombs.  The  crydals  are  generally  very 
fmall  and  fplendent.  Internally  they  are  fplen- 
dent  with  a diamond  ludre,  paffing  fometimes 
to  metallic.  The  fracture  as  far  as  it  can  be 
obferved  is  drait  lamellar.  It  fometimes  pre- 
fents  fine-grained  didindt  concretions.  It  is 
faintly  tranflucent;  foft;  may  be  cut  w'ith  a 
Jcnife,  and  is  eafily  frangible. 

On  expofure  to  the  blowpipe  It  is  totally 
volatilized  without  decompofition.  It  is  foluble 
in  water,  and  the  folution  gives  an  orange- 
coloured  precipitate  with  lime-water.  The 
only  analyfis  of  this  mineral  that  we  pofiefs  is 
an  imperfedl  one  by  M.  Woulfe,  the  difcoverer 
of  it,  from  which  it  may  be  concluded,  with 
confiderable  probability,  that  it  confids  when 
pure  of  about 

64  Sulphat  of  mercury 
36  Muriat  of  mercury 
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It  occurs  In  the  quickfilver  mines  of  the 
Palatinate,  and  Deux  Fonts;  at  Idria,  Horfo- 
witz  in  Bohemia,  and  Spain. 

§.2.  Anal^ts  and  AJfay. 

There  are  no  very  exa6I  analyfes  of  any  of 
the  mercurial  ores,  but  the  following  methods 
of  examining  them  feem  to  be  liable  to  little  or 
no  objection. 

The  native  mercury  and  native  amalgam  may 
be  thus  analyfed.  Let  the  ore  be  digeded  in 
moderately  drong  nitric  acid,  which  will  take 
up  the  mercury,  and  filver,  and  bifmuth,  if 
there  fhould  chance  to  be  any  prefent : a minute 
quantity  of  gold  may  alfo  be  contained  in  the 
argentiferous  mercury,  which  will  be  left  un- 
touched at  the  bottom  of  the  folution,  in  the 
form  of  a brown  powder.  The  nitrous  folution 
being  concentrated  by  gentle  evaporation,  till 
it  is  on  the  point  of  crydallizing,  is  to  be  poured 
into  a large  quantity  of  pure  water,  by  which 
the  bifmuth  will  for  the  mod  part  be  feparated. 
Having  thus  got  rid  of  the  bifmuth,  add  to  the 
filtered  liquor  a folution  of  common  fait  or  any 
other  neutral  muriat,  by  which  both  the  filver 
and  mercury  will  be  thrown  down  in  the  date 
of  muriat.  This  being  feparated,  drop  into  the 
clear  liquor  fome  carbonated  alkali  as  long  as 
any  precipitate  takes  place,  then  boil  the  liquor, 
and  feparate  the  precipitate  by  filtration.  The 
muriatic  precipitate  is  now  to  be  digeded  in 
moderately  dilute  nitro-nnatiahc  acid,  which 
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will  take  up  every  thing  but  the  murlat  of  filver, 
from  which,  when  wafhed  and  dried,  the 
amount  of  filver  in  the  ore  may  be  readily 
afeertained.  Now  decompofe  the  nitro-muri- 
atic  folution  at  a boiling  heat  by  carbonated 
alkali,  and  add  tlie  white  precipitate  thus  ob- 
tained to  the  other  carbonated  precipitate ; mix 
thefe  with  a little  oil  or  fugar  (the  latter  is  the 
bell)  and  proceed  to  diltillatlon  in  a finall 
coated  glafs  retort ; raife  it  gradually  to  ignition, 
and  continue  it  at  that  temperature  as  long  as 
any  mercury  comes  over.  What  remains  be- 
hind is  a little  metallic  bifmuth  and  charcoal. 

Cinnabar  may  be  analyfed  in  the  following 
manner.  After  being  reduced  to  a fine  powder, 
let  it  be  digefted  repeatedly  in  a mixture  of  3 
parts  muriatic  acid  and  i nitric,  the  whole 
moderately  diluted  ; by  this  every  thing  will  be 
taken  up  except  the  fulphur  and  the  filex. 
This  refidue  being  waftied,  dried,  and  weighed, 
is  to  be  ignited,  and' the  remaining  Clex  being 
dedu£led,  the  difference  of  weight  indicates  the 
amount  of  the  fulphur.  The  nitro-muriatic 
folution  being  decompofed  by  carbonated  alkali 
at  a boiling  heat,  and  the  precipitate  thus  ob- 
tained being  mixed  with  a little  lamp-black  and 
diftilled,  the  mercury  will  pafs  over  in  the  me- 
tallic ftate : what  remains  in  the  retort  is  mag- 
netic oxyd  of  iron,  and  the  cafual  earth  (excep- 
iting  filex)  contained  in  the  ore,  together  with  a 
little  charcoal,  which  may  be  feparated  in  the 
ufual  way. 

The  liver-coloured  and  bituminous  ores  may  be 
treated  exa£Uy  in  the  fame  manner  as  the  pre- 
ceding ; but  as  thefe  ores  fometimes  contain  a 
little  filver,  the  matter  infoluble  in  nitro-muri- 
atic acid  may  be  not  merely  fulphur  and  filex 
but  murlat  of  filver ; after  therefore  the  fulphur 
is  burnt  off,  the  refidue  mixed  with  twice  its 
weight  of  pearlafh  is  to  be  ftrongly  ignited  in 
an  earthen  crucible,  and  then  treated  with 
dilute  muriatic  acid  which  will  take  up  the 
alkali  and  earth  leaving  behind  the  filver  in 
fmall  metallic  grains. 

The  beft  way  of  analyfing  the  horn  mercury 
is  to  digeft  it  in  a little  diftilled  vinegar, 
by  which  the  native  mercury  which  is  fome- 
times difperfed  through  it  will  be  left  behind. 
'1  o the  clear  folution  add  nitrat  of  barvtes, 
which  will  feparate  the  fulphuric  acid  in  the 
ftate  of  fulphat  of  barytes : this  being  taken  out, 
drop  in  nitrat  of  filver,  which  will  feparate  the 
muriatic  acid  in  the  ftate  of  muriated  filver. 
The  mercury,  now  in  the  ftate  of  nitrat,  remains 
in  folution,  and  may  be  exhibited  in  the  metal- 
lic ftate  by  precipitating  it  by  mean$  of  iron 
and  fubfequeirt  waftiing  in  muriatic  acid  j or 
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by  throwing  it  down  bjr  a carbonated  alkaii, 
and  diftilling  the  precipitate  with  a little  lamp- 
black. 

The  afi'ay  of  mercurial  ores  in  the  dry  way 
is  very  fimple.  The  Ipecimen  being  pulverized, 
and  accurately  mixed  with  | of  its  weight  of 
quicklime  and  an  equal  portion  of  iron  filings, 
is  to  be  pretty  ftrongly  ignited  In  an  iron  or 
earthen  retort  as  long  as  any  mercury  comes 
over  into  the  receiver, 

$.  3 . IteduElion  of  ores. 

The  modes  of  extradfing  the  metal  from  the 
ores  of  mercury  are  very  fimple,  1 he  firft 
that  we  ftiall  mention  is  the  beft  and  moll  feien- 
tific,  and  pradlifed  at  the  mines  of  Deux  Fonts, 
an<i  of  Idria.  The  ore  being  brought  out  of 
the  mine,  is  forted  by  hand  with  confider- 
able  accuracy,  rejedling  thofe  parts  that  appear 
to  be  deftitute  of  metal.  This  is  an  expenfive 
and  rather  tedious  procefs,  but  has  fuperfeded 
the  ancient  method  of  feparating  the  cinnabar 
by  waftiing,  on  account  of  the  prodigious  lof* 
of  metal  in  that  operation.  The  forted  ore 
being  reduced  to  powder  is  carefully  mingled 
with  ^ more  or  lefs,  according  to  the  proportion 
of  cinnabar  contained  in  the  ore,  of  quicklime 
which  has  fallen  to  powder  by  expofure  to  th^ 
air.  This  mixture  is  then  put  into  iron  retorts, 
capable  of  holding  about  60  lbs.  weight,  which 
when  thus  charged,  are  fixed  in  a long  furnace, 
to  the  number  of  40  or  50:  a glafs  receiver 
being  then  attached  to  each  retort,  but  not 
luted,  a gentle  fire  is  applied  In  order  to  drive 
out  all  the  moifture ; when  this  is  effcdled,  the 
jumfture  of  the  veflels  is  clofely  flopped  with 
tempered  clay,  and  a full  red  heat  is  applied  for 
feven  or  eight  hours,  at  the  expiration  of  which 
time  all  the  mercury  will  have  been  volatilized 
and  condenfed  in  the  receiver.  The  common 
produce  varies  between  fix  and  ten  ounces,  of 
metal  from  100  lbs.  of  the  ore. 

The  method  pra£lifed  at  Almaden,  in  Spain, 
differs  confiderably  from  the  preceding,  and  is 
much  more  rude  and  inartificial.  The  pieces 
of  pure  cinnabar  being  firft  picked  out  from  the 
ore,  in  order  to  be  difpofed  of  to  the  painters, 
and  manufa£lurers  of  fealing  wax,  the  reft  is 
forted  into  three  parts,  the  firft  is  the  richeft, 
and  is  in  pieces  of  a moderate  fize,  the  focond 
is  in  fmaller  pieces,  and  lefs  abounding  in  metal, 
the  third  is  the  dull  and  fmalleft  fragments  of 
the  other  two,  which  are  kneaded  up  with  cLiy, 
and  formed  into  bricks,  that  are  dried  carefully 
in  the  fun.  The  furnace  ufed  for  extrafdion 
of  the  mercury  Is  an  oblong  mafs  of  mafonry, 
divided  hcrlzontally  Into  an  upper  and  lower 
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rompartment  ty  an  iron  grate,  and  communi- 
cating near  its  top  with  a fet  of  aludels.  The 
charging  of  the  furnace  commences  by  laying 
on  the  grate  a ftratum  of  flat  rough  ftones,  leav- 
ing intervals  between  each  for  the  pallage  of 
the  fire : upon  this  is  laid  a bed  of  ore  of  the 
fecond  quality,  then  the  ore  of  the  firft  quality, 
afterwards  another  bed  of  the  fecond  kind,  and 
at  the  top  of  all  a layer  of  the  third  kind  made 
up  into  bricks.  A few  faggots  are  now  thrown 
into  the  lower  cavity  of  the  furnace  and  lighted, 
which,  in  proportion  as  they  are  confumed,  are 
fucceeded  by  others,  and  thus  a gentle  fire  is 
kept  up  for  8 or  1 2 hours,  according  to  the  pre- 
vious drynefs  of  the  ore.  When  the  moifture 
is  got  rid  of,  which  is  known  by  the  ceflation 
of  the  vapour,  the  fire-place  is  again  filled  with 
faggots,  and,  before  thefe  are  confumed,  the 
mal's  of  ore  will  be  fufficiently  heated  to  con- 
tinue the  combuftion  by  means  of  the  fulphur 
that  it  contains  without  any  additional  fuel. 
During  the  next  two  days,  as  the  fulphur  flowly 
burns  away,  the  mercury,  in  the  ftate  of  vapour, 
paffes  into  the  aludels  where  it  is  condenfed ; 
and  at  the  end  of  this  period,  all  the  metal 
being  extraffed,  the  fcori^  are  taken  out  of  the 
furnace,  and  the  aludels  are  emptied  of  their 
contents.  Befides  the  mercury,  a confiderable 
quantity  of  a black  matter  like  foot  is  found  in 
the  aludels,  which  is  readily  feparated  by  fpread- 
'ing  the  whole  about  on  an  inclined  table : the 
mercury  runs  to  the  lovfer  end,  where  it  is  col- 
lefted  in  a channel,  while  the  impurities  remain 
behind. 

The  confumption  of  fuel  and  cofl;  of  appa- 
ratus Is  confiderably  lefs  than  in  the  German 
method,  but  it  is  probable  that  a portion  of 
mercury  ftill  remains  in  the  ore.  A great  lofs 
is  alfo  fuftained  by  throwing  away  the  foot  after 
feparating  the  running  mercury  on  the  tables, 
for  not  only  many  globules  of  the  metal  mud 
efcape  notice,  but  alfo  the  calomel,  cinnabar, 
&c.  which  it  contains,  are  entirely  wafted. 
This  foot,  previous  to  the  feparation  of  the 
mercury,  confids,  according  to  Proud*’,  of 
Mercury  . . 66 

Calomel  . . 18 

Cinnabar  . . i 

Water  & fulphureous  acid  2.5 
Sulphat  of  ammonia  3.5 

Lamp  black  . 5 

Selenite  . . 1 
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Hence  the  obvious  way  of  turning  it  to  mod 


profit  would  be  fird  to  diflblve  out  the  fulphat 
of  ammonia,  which  might  be  difpofed  of  to 
great  advantage  to  the  fal-ammoniac  makers, 
then  to  mix  the  red  with  12  or  15  per  cent,  of 
quicklime,  and  didill  It  in  an  iron  retort,  by 
which  procefs  not  only  the  whole  of  the  running 
mercury  would  be  driven  over,  but  alfo  that 
arifing  from  the  decompofition  of  the  calomel 
and  cinnabar. 

On  account  of  the  fluidity  of  mercury  it  can- 
not be  conveyed  from  place  to  place  without 
extraordinary  precautions.  The  method  of 
packing  it  is  as  follows.  A frefh  found  fheep- 
fldn  with  the  hair  taken  off  is  laid  over  a wooden 
bowl,  and  from  50  lbs.  to  75  lbs.  of  mercury- 
are  poured  into  it  j the  ends  of  the  flcin  are 
then  gathered  up,  and  tied  together  with  great 
care,  thus  forming  a fort  of  bag  in  which  the 
metal  is  inclofed  j this  bag  is  inclofed  in  a 
fecond  fkin,  and  the  fecond  in  a third : ladly, 
thefe  bags  are  put  into  very  tight  barrels,  ca- 
pable of  holding  from  two  to  four  of  them,  and 
in  this  date  are  brought  into  the  market. 

§.  3.  Ph^tcal  and  Chemical  pi'operties. 

Mercury  is  a metal  always  fluid  at  the  tem- 
perature of  our  climates,  of  a white  and  per- 
fedlly  refplendent  polilhed  furfaee,  fo  as  to 
refleft  -with  extreme  brilliance  all  objedls,  and 
is  without  fmell  or  tade  in  the  metallic  date. 
Its  fpecific  gravity  is  13.56.  Its  expanfion 
by  heat  Is  on  the  whole  very  regular  till  a 
confiderable  didance  above  the  point  of  boil- 
ing water,  and  hence  its  ufe  in  the  condruc- 
tion  of  tJjermcmeters.  When  expofed  to  a cold 
of  about  — 39  it  folidifies,  and  when  hard  frozen 
it  will  bear  gentle  blows  with  a hammer,  fuffi- 
cient  to  prove  its  malleability,  though  in  fo 
doing  the  fridlion  foon  heats  it  enough  to  make 
it  reaffume  the  liquid  date.  Mercury  boils  at 
about  660°,  and,  if  pure,  totally  evaporates 
without  any  refiduum : but  the  vapour  foon 
condenfes  upon  the  adjacent  bodies,  coating 
them  with  a white  dew,  which  is  found  by 
the  microfcope  to  confid  of  myriads  of  minute 
globules.  When  the  galvanic  fluid  from  a 
powerful  apparatus  is  pafled  into  mercury  by 
immerfing  the  conducing  wire  into  this  fluid 
the  mercury  difperfes  in  beautiful,  brilliant, 
luminous  dars,  which  feems  to  Ihew  tliat  this  is 
a combudible  metal. 

Mercury  is  fcarcely  if  at  all  changed  by  mere 
expofure  to  air  for  any  length  of  time,  but  if  it 
be  long  agitated  in  any  veffel  it  is  flowly  reduced 
to  a black  dud,  foiling  the  fingers,  which,  how- 
ever, on  being  heated,  returns  again  to  the  flate 
of  running  mercury,  Boerha-ave  was  the  fird 
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who  performed  this  experiment  by  faftening  a 
bottle  half  full  of  mercury  to  a mill  wheel,  and 
thus  giving  it  a very  long  continued  and  violent 
fliaking.  The  fame  has  been  done  by  faftening 
it  to  the  wheel  of  a carriage  during  a long 
journey.  Dr.  Prieftley'  found  this  black  powder 
to  be  formed  in  a variety  of  circumftances  by  a 
Jong  agitation  of  mercury  in  phials  with  water, 
alcohol,  &c.  This  powder  heated  gradually  on  an 
iron  plate  became  of  an  uniform  orange  colour, 
and  when  digefted  in  muriatic  acid,  it  gave  ex- 
ad 'y  the  fame  appearances  as  the  red  oxyd,  the 
precipitate  per  fe.  This  black  mercurial  powder 
IS  dated  by  Fourcroy'*  to  be  compofed  of  96 
parts  of  mercury  and  4 of  oxygen,  though  by 
others  it  is  confidered  as  mercury  fimply  in  a 
ftate  of  extreme  divihon.  Mercury  is  brought 
to  the  fame  ftate  by  being  rubbed  for  fome 
time  with  lard,  gum  arable,  honey,  manna,  ve- 
getable ex  trad,  or  any  other  clammy  cohefive 
matter,  which  foon  becomes  black,  or  rather  of 
a dark  flate  blue,  by  the  divided  metal.  In  this 
way  mercury  is  conftantly  prepared  for  medi- 
cinal purpofes. 

Another  and  very  important  oxyd  of  mercury 
is  made  by  keeping  it  nearly  at  its  boiling  point, 
and  at  the  fame  time  with  fufficient  accefs  of 
air.  This  is  generally  performed  in  a very  flat 
bottomed  matrafs  with  a tall  neck,  the  mouth 
of  which  is  unftopped,  and  which  is  fet  on  a 
fand-heat,  and  kept  there  for  many  days.  In 
this  procefs  as  a certain  renewal  of  the  atmo- 
fpheric  air  is  required  on  the  one  hand,  and  on 
the  other  as  the  efcape  of  the  vapour  of  the 
boiling  mercury  fhould  be  prevented,  it  is  rather 
difficult  to  contrive  the  beft  form  of  veffel  for 
preparing  it.  If  the  neck  be  very  narrow  there 
is  fcarcely  enough  change  of  the  air  in  contad 
with  the  mercury,  fo  that  on  the  whole  it  feems 
preferable  to  ufe  a retort  with  the  bottom  flat- 
tened, and  the  neck  only  (lightly  bent,  that  the 
condenfed  globules  of  mercurial  vapour  may 
fall  back  into  the  veflTel.'  When  the  mercury 
has  boiled  for  a few  hours,  a dull  film  forms  on 
its  furface,  giving  it  the  appearance  of  tarnifhed 
lead,  and  in  about  48  hours  after,  fmall  cryftals 
of  a dark  brown  or  flea-coloured  oxyd  appear 
floating  on  the  furface,  which  gradually  increafe 
till  they  form  a friable  cruft  over  the  whole  of 
the  metal.  It  is  economical  at  this  time  to 
empty  the  retort,  and  feparate  the  oxyd,  which, 
when  carefully  colleded,  (hould  be  heated  on  an 
open  pan  in  a heat  juft  below  vifible  rednefs,  to 


diffipate  the  globules  of  uncalcined  mercury 
which  may  be  entangled  within  the  cryftals. 

This  brown  oxyd  is  called  Calcined  Mercury 
or  Precipitate  per  fe.,  and  is  a perfedly  pure 
oxyd  of  this  metal  of  a dull  ruby  colour,  and 
often  regularly  cryftallized  either  in  odohedrons 
or  in  lengthened  four-Cded  pyramids.  It  con- 
fifts,  according  to  Lavoifier'',  of  about  92  per 
cent,  of  mercury  and  8 of  oxygen.  If  this  oxyd 
is  kept  fome  time  gently  heated  with  contad  of 
air  it  becomes  brown,  and  with  a ftronger  heat 
(ftill  below  rednefs)  it  partly  fublimes  of  a fine 
red.  But  when  the  heat  is  raifed  to  rednefs  the 
oxyd  gradually  difappears,  oxygen  gas  of  great 
purity  is  given  out,  and  the  metal  returns  to 
the  reguline  ftate,  and  may  be  colleded  in  drops 
of  running  mercury.  This  experiment  which 
from  its  fimplicity  is  one  of  the  mod  unexcep- 
tionable in  fupport  of  the  prefent  theory  of  the 
oxydation  of  metals,  was  employed  very  early 
by  Lavoifier,  as  will  be  mentioned  under  the 
article  Oxygen. 

When  this  oxyd  is  rubbed  with  running 
mercury^  both  fubftances  lofe  their  peculiar 
form,  and  the  refult  is  a black  powder  refem- 
bling  in  every  refped  the  black  oxyd  procured 
from  this  metal  by  trituration,  the  red  oxyd 
parting  with  a portion  of  its  oxygen  to  the  frefh 
mercury,  and  each  being  thereby  converted  to 
the  black  oxyd. 

Another  oxyd  of  this  metal,  very  clofely 
refembling  the  precipitate  per  fe^  is  prepared  by 
diftilling  nitric  acid  off  this  metal,  which  forms 
that  beautiful  red  powder  called  Red  Precipitate., 
or  Red  Nitrous  oxyd  of  mercury.  It  is  however 
not  abfolutely  pure  like  the  laft,  but  always 
contains  a very  minute  portion  of  nitric  and  of 
muriatic  acid,  and  hence  when  reduced  by  dif- 
tillation  in  a red  heat,  fome  azotic  gas  is  given 
out,  together  with  a little  vapour  of  corrofive 
fublimate,  owing  to  the  muriatic  acid  from 
which  the  nitric  acid  is  never  abfolutely  free. 

The  oxygen  gas  from  each  oxyd  alfo  holds 
In  folution  a fmall  portion  of  mercury  in  the 
ftate  of  vapour,  w'hich  is  gradually  depofited, 
but  is  fufficient,  when  recent,  to  caufe  a faliva- 
tion  in  the  perfons  that  frequently  inhale  it. 
The  exadf  preparation  of  the  red  precipitate 
will  be  prefently  noticed. 

Water  either  hot  or  cold  has  no  afeertainabfe 
e(Fe£l:  upon  mercury,  but  if  common  mercury, 
which  generally  contains  a little  alloy  of  other 
m.etais,  be  boiled  with  water,  the  latter  becomes 
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hirbid,  acquires  a metallic  tafte,  and  W’ith  it 
die  power  of  deftroying  infects. 

The  falts  produced  by  the  union  of  mercury 
with  the  different  acids  have  been  more  exa- 
mined than  thofe  of  perhaps  any  other  metal, 
and  require  to  be  defcribed  fomewhat  at  large. 
The  Sulphuric  acid  has  no  a6Hon  on  mercury  in 
the  cold,  but  when  heated,  folution  immediately 
begins,  attended  with  a copious  produftion  of 
fulphureous  acid  vapour,  which  vapour  received 
in  water  produces  the  liquid  fulphureous  acid 
in  great  purity,  which  is  often  prepared  in  this 
way.  The  mercury  of  courfe  becomes  oxyge- 
nated by  the  deoxygenation  of  the  acid,  and  the 
oxyd  diffolves  in  the  remaining  acid  forming  a 
fulphat  of  mercury.  There  are  however  as  has 
been  fhewn  by  feveral  chemifts,  and  particu- 
larly by  the  accurate  experiments  of  Fourcroy, 
feveral  diftin£l  falts  and  combinations  of  ful- 
phuric  acid  and  oxyd  of  mercury  produced 
either  by  the  proportions  of  the  ingredients,  or 
by  the  heat  employed.  Two  parts  of  mercury 
to  three  of  ftrong  fulphuric  acid  are  the  pro- 
portions generally  ufed.  If  the  diftillation  of 
the  acid  fi'om  off  the  metal  is  flopped  when  the 
mixture  has  become  a white  faline  mafs,  but 
before  it  is  adlually  dry,  the  fait  is  very  acrid 
and  corrofive,  with  a ftrong  excefs  of  acid,  and 
deliquefces  if  expofed  to  the  air.  In  this  ftate 
it  is  called  by  Fourcroy  the  Acid  Sulphat  of 
Mercury,  or  as  we  fhall  here  term  it  the  fuper- 
fulphat  of  Mercury.  This  fait  may  contain  a 
variable  proportion  of  acid,  and  it  is  more  fo- 
luble  in  water  as  the  quantity  of  acid  is  greater. 
On  the  average  it  requires  about  155  parts  of 
cold  water  and  only  33  of  boiling  water,  and 
gives  an  orange  precipitate  with  the  fixed  alka- 
lies. If  this  fait  be  wafhed  with  a much  fmaller 
quantity  of  cold  water  than  isneceffary  to  diffolve 
it,  it  lofes  a part  of  the  mercurial  oxyd  to- 
gether with  the  whole  excefs  of  acid,  and  if  the 
waffling  be  continued  with  fmall  dofes  of  water 
till  the  liquor  ceafes  to  turn  blue  vegetable 
colours  red,  and  to  give  any  proof  of  acidity,  the 
fait  that  is  left  is  found  to  be  much  changed  in 
its  nature.  It  is  now  white  and  not  very  acrid, 
requires  for  folution  as  much  as  500  parts  of 
cold,  and  about  .=  50  of  boiling  water,  and  when 
cryftailized  from  the  hot  faturated  folution  it 
appears  in  fine  acicular  prifms,  which  when 
dry,  contain  according  to  Fourcroy  (the  difco- 
verer  of  this  lalt)  75  parts  of  mercury,  8 of 
oxygen,  12  of  fulphuric  acid,  and  5 of  water. 
'Fhe  pure  alkalies  and  lime-water  alfo  precipi- 


tate the  metallic  oxyd  of  a grey  colour.  In  tlu< 
fait  the  acid  and  metallic  oxyd  appear  In  a ftate 
of  mutual  faturation,  and  hence  it  fhould  be 
termed  fimply  fulphat  of  mercury.  As  it  differs 
from  the  fuper-fulphat  merely  by  lofing  the 
excefs  of  acid,  fo  it  may  readily  be  reftored  to 
that  ftate  by  adding  acid,  and  then  its  folubility 
in  water  proportionally  increafes,  and  it  gives 
an  orange  precipitate  by  alkalies. 

There  is  ftill  another  fulphat  to  be  noticed. 
If  the  white  faline  mixture  of  fulphuric  acid 
and  mercury,  or  the  fuper-fulphat  above  de- 
fcribed, be  urged  ftill  further  in  the  fire  in  a 
heat  confiderably  above  that  of  boiling  water,  it 
parts  with  a ftill  greater  portion  of  acid,  and 
becomes  a dry  hard  grey  mafs. 

If  this  be  taken  from  the  fire  and  boiling 
water  poured  on  it,  it  immediately  falls  into  a 
lemon-yellow  powder,  which,  when  well  edul- 
corated with  cold  water,  forms  a well-known 
mercurial  preparation,  the  Turbith  mineral,  or  as 
Fourcroy  names  it,  the  fulphat  of  mercury  nvith 
excefs  of  oxyd,  or  in  other  words,  the  fib-fulphat 
of  mercury.  In  making  this  preparation  it  is 
effential  that  all  the  excefs  of  acid  fhould  be 
driven  off  by  heat  before  the  boiling  water  is 
added,  otherwife  the  change  of  colour  takes 
place  very  flowly  and  partially,  and  the  water 
diffolves  the  remainder. 

Turbith  mineral  approaches  very  nearly  to 
the  ftate  of  a fimple  oxyd ; however  it  ftill  re- 
tains a portion  of  acid,  and  hence,  when  heat- 
ed ftrongly  without  addition,  it  gives  out  water 
and  fulphureous  acid  gas,  after  which  comes 
over  a confiderable  quantity  of  oxygen  gas,  and 
laftly  the  reduced  mercury  diftills  over  in  its 
metallic  form.  Turbith  alfo  differs  from  both 
the  fuper  fulphat  and  fimple  fulphat  of  mercury, 
in  being  diflblved  and  decompofed  by  the  nitric 
acid.  It  is  likewife  nearly  infoluble  in  water, 
though,  according  to  Fourcroy,  a folution  is 
effefted  by  2600  parts  of  cold  water.  When 
rubbed  with  running  mercury  the  globules  of 
the  latter  difappear,  and  the  whole  is  changed 
to  a black  oxyd.  A hundred  parts  of  turbith 
contain  10  of  fulphuric  acid,*'  76  of  mercury, 
1 1 of  oxygen,  and  3 of  water. 

The  adlion  of  ammonia  upon  the  fulphats, 
and  on  moft  of  the  other  falts  of  mercury,  is 
interefting  and  fomewhat  complicated.  The  ex- 
periments of  Fourcroy  have  aflifted  materially 
in  explaining  this  fubjecT.  When  ammonia  is 
added  to  a neutral  fait  of  mercury  (the  fulphat 
for  example)  three  feparate  actions  take  place ; 
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tft.  one  portion  of  the  alkali  afis  fimply  as  an 
alkali  in  decompofmg  the  fait  by  uniting  with 
die  acid  and  precipitating  the  metallic  oxyd  ; 
— 2dly,  the  precipitated  oxyd  is  entirely  de- 
compofed  by,  and  together  with,  another  portion 
of  the  ammonia,  the  hydrogen  of  the  ammonia, 
uniting  with  the  oxygen  of  the  metal,  and  re- 
ducing the  latter  to  the  metallic  ftate,  whilft  the 
azot  of  the  alkali  efcapes  in  the  gafeous  form  : 
and  3dly,  another  portion  of  the  ammonia  unites 
with  the  entire  fait  without  decompofition, 
forming  a triple  fait,  the  ammoniaco-fulphat  of 
mercury.  The  reduced  metal  is  in  a ftate  w 
extreme  divifion,  and  is  alwajts  of  a dark  blue 
or  black  colour,  but  by  a magnifier  the  diftimft: 
globules  of  the  metal  may  be  feen.  The  black 
colour  always  afiiimed  by  almoli;  all  the  falts  of 
mercury,  on  adding  ammonia,  is  therefore  a 
proof  of  a partial  reduftion  of  the  metal. 

Hence  when  ammonia  is  poured  into  a folu- 
tlon  of  the  neutral  fulphat  of  mercury,  a copi- 
ous grey  precipitate  is  depofited,  which,  ex- 
pofed  to  the  fun,  is  partly  reduced  to  globules 
of  mercury,  whilft  a grey  powder  remains. 
This  grey  powder  is  a triple  fait,  the  ammo- 
niaco-fulphat  of  mercury.  If  a great  excefs  of 
ammonia  is  added,  this  fait  is  entirely  redif- 
folved,  and  the  black  reduced  mercury  is 
left  pure.  The  fame  triple  fait  is  formed  by 
adding  ammonia  to  the  folid  fulphat  of  mer- 
cury, which  then  efFervefees  ftrongly  (owing 
to  the  efcape  of  azotic  gas)  and  the  fait  breaks 
to  pieces  with  a fnapping  noife.  If  the  liquor 
which  holds  the  triple  fait  In  folutlorr  by  means 
of  the  excefs  of  ammonia  be  evaporated  gently, 
the  excefs  is  volatilized,  and  tlie  triple  fait  is 
depofited,  after  fome  hours  ftanding,  in  bril- 
liant hard  polygonal  cryftals.  If,  inftead  of 
waiting  for  this  gradual  cryftallization,  much 
cold  water  be  added  to  the  folution,  it  becomes 
at  once  milky,  and  the  fame  fait  is  depofited, 
only  differing  from  the  former  in  being  pul- 
verulent inftead  of  cryftalhzed.  If  perfetlly 
neutralized  lulphat  of  ammonia  be  poured  upon 
equally  neutralized  fulphat  of  mercury,  a copi- 
ous white  precipitate  is  formed,  which  Is  the 
triple  fait  above-mentioned,  and  the  fupernatant 
liquor  now  contains  a fenfible  excefs  of  fulphu- 
ric  acid,  a very  llriking  proof  of  the  ftrong  ten- 
dency of  ammonia  to  unite  with  fulphat  of 
mercury,  fince  the  affinity  of  the  mercurial 
fait  for  the  alkali,  affifted  by  the  confequent 
infolubility  of  the  triple  compound,  is  here 
fufficlent  to  overcome  the  affinity  of  the  alkali 
for  the  acid  with  which  it  was  previoufly  fatu- 
rated. 

The  ammoniaco-mereurial  fulphat  has  a pun- 


gent and  ftyptic  tafte,  is  fcarcely  foluble  In' 
water,  is  partially  (but  not  entirely)  decom- 
pofed  by  lime  and  the  fixed  alkalies,  and  is 
compofed  of  1 8 per  cent,  of  fulphuric  acid, 
33  of  ammonia,  and  lo  of  water,  the  remainder 
being  oxyd  of  mercury.  When  heated  to  de- 
compofition, it  gives  put  ammonia,  azotic  gas, 
ru.  ining  mercury,  and  a little  fulphite  of  ammo- 
nia. 

The  red  and  yellow  oxyds  of  mercury  are 
foluble  in  dilute  fulphuric  acid  when  heated, 
but  without  the  evolution  of  fulphureous  acid 
gas.  When  the  folution  is  complete,  i^  does 
not  differ  from  thofe  made  -?vith  this  acid  and 
merallic  mercury. 

The  liquid  fulphureous  acid  has  no  a£Hon 
on  reguline  mercury.  When  poured  on  the 
red  oxyd,  the  latter  becomes  immediately 
white,  ov.'ing  to  a partial  difoxygenation,  fince 
at  the  fame  time  tlte  acid  lofes  its  fulphureous 
fmell.  If  much  of  the  acid  is  added,  and  the 
mixture  be  expofed  to  the  fun’s  rays,  the  oxyd 
is  reduced  even  to  the  metallic  Hate,  and  the 
liquor  contains  naked  fulphuric  acid. 

The  nitric  acid  difl'olves  mercury  with  great 
eafe,  with  or  without  the  affiftance  of  heat, 
and  various  important  combinations  arife  from 
the  union  of  thefe  fubftanccs.  When  mercury 
is  put  Into  cold  nitric  acid  moderately  diluted, 
a ftrong  mutual  adrion  begins  immediately,  but 
as  long  as  no  heat  is  ufed,  very  little  nitrous 
gas  is  given  out.  After  ftanding  fome  hours 
the  acid  becomes  faturated,  when  it  has  dif- 
folved  about  as  much  mercury  as  tliere  was  of 
concentrated  acid  employed.  This  folution  is 
very  heavy,  clear,  and  colourlefs ; it  ftrongly 
corrodes  animal  and  vegetable  matters,  and 
when  evaporated  it  furnifties  very  heavy  nearly 
tranfparent  cryftals  of  nitrated  mercury,  tlie 
form  of  which  varies  extremely,  according  to 
the  heat  and  other  circumftances  of  evaporation, 
but  if  this  is  performed  flowly  the  cryftals  are 
often  very  large  and  beautiful,  in  the  form  of 
flattened  truncated  pyramids.  As  but  little 
niti’ous  acid  has  been  decompofed  in  making 
this  folution  (only  a fmall  quantity  of  nitrous 
gas  having  been  given  out)  the  metal  is  in  a low 
ftate  of  oxygenation,  and  the  folution  mi.xes 
with  water  without  any  turbidnefs.  In  tliis 
ftate  the  pure  fixed  alkalies  give  a yellowilh-white 
precipitate,  and  ammonia  a greyifti-black  one. 

But  if  (even  with  th.e  fame  proportion  of 
mercury  to  acid)  a boiling  heat  has  been  ufed 
during  the  folution,  nitrous  gas  is  given  out 
very  copioufly,  and  the  folution  when  complete 
contains  therefore  the  metal  in  a much  higlicr 
ftate  of  oxydation  than  in  tlie  cold  folution. 
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ftnd  a Smaller  relative  proportion  of  acid.  It  Is 
alfo  much  altered  in  its  properties,  for  on  di- 
lution with  water  it  lets  fall  a precipitate  of  a yel- 
lowifli- white  colour  with  cold,  and  orange-yellow 
vdth  boiling  water  (nearly  as  the  turbith  is  made 
with  the  fulphat  of  mercury,)  which  precipitate  is 
compofed  of  nitric  acid  with  a great  excefs  of 
mercurial  oxyd,  and  may  be  called  the  infoluble 
Jub-nitrat  of  viercttry.  The  difference  between 
thefe  two  folutions  was  firft  noticed  by  Bergman 
in  his  valuable  EfTay  on  the  Analyfis  of  Mine- 
ral Waters.'  But  when  heat  is  ufed,  the  acid 
■alfo  becomes  able  to  take  up  a much  greater 
quantity  of  mercury,  with  this  difference  however, 
that  if  the  folution  be  firft  made  with  heat,  thg 
diiengagement  of  nitrous  gas  ftops  long  before 
the  acid  is  faturated,  fo  that  the  latter  portion 
of  mercury  does  not  appear  to  decompofe  any 
nitric  acid  in  order  to  be  dillblved,  as  Scheele 
has  accurately  obferved.  Nitric  acid  therefore, 
boiled  on  more  mercury  than  it  can  dilfolve,  is 
fuperfaturated  with  mercurial  oxyd,  but  as  the 
laft  portion  of  mercury  obtains  no  oxygen  from 
the  acid  (otherwife  nitrous  gas  would  be  given 
out)  the  queftion  is  whence  it  derives  the  oxy- 
gen necefl'ary  to  its  folution.  This  Berthollet 
rationally  explains  by  fuppofing  that  the  'firft 
diflblved  portion,  which  when  heat  is  ufed  is 
left  highly  oxygenated,  divides  its  oxygen  with 
the  laft  portion  of  mercury,  fo  that  the  whole 
folution  is  equally  oxygenated  to  a low  degree. 
J.fence  it  appears  that  there  may  be  three  fatu- 
rated folutions  of  oxyd  of  mercury  in  nitric 
acid,  each  differing  from  the  other,  either  in 
the  rofpebfive  proportions  of  metal  and  acid, 
or  of  oxygenation  of  the  .metal  a namely,  ift, 
the  folution  made  by  faturating  the  acid  with 
mercury  without  heat,  v.'hich  is  the  moft  acrid 
folution,  cryftallizes  the  moft  readily,  and  is 
not  decompofable  by  water  : 2dly,  the  fame 
folution  heated,  by  which  the  metal  becomes 
more  oxygenated,  the  acid  is  in  fomewhat 
fmaller  proportion,  and  the  folution  depofits 
the  yellow  nearly  infoluble  fub-nitrat  by  mere 
addition  of  water;  and  3dly,  the  lalt-men- 
tioned  folution,  fuperfaturated  with  mercury  at 
a boiling  heat,  by  which  the  acid  becomes 
loaded  with  metal,  which,  for  the  reafons  be- 
fore-mentioned, is  obvioufly  lefs  oxygenated 
iJian  in  the  fecoud  cafe,  and  perhaps  lefs  than 
in  the  firft  alfo. 

The  cryftallized  nitrat  of  mercury,  when 
kept  in  contaft  with  air  gradually  changes,  and 
from  being  nearly  tranfparent  and  colourlefs, 
bespmes  covered  at  its  furface  with  a yellow 
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mealy  fubftance,  which  is  found  to  refenlWe 
exaftly  the  yellow  fub-nitrat  feparated  from  the 
folution  made  with  heat,  by  the  aftufion  of 
water.  Hence  Itappears  that  thecryftallizedmetal 
gradually  abforbs  oxygen  from  the  air,  and  in  fo 
doing  lofes  its  ready  folubility  in  water.  An  ex- 
cefs of  nitric  acid  oppofes  this  fpoiitaneous  change. 

With  ammonia  effeds  are  produced  on  the 
nitrat  of  mercury  fomewhat  fimilar  to  thofe  on 
the  fulphat.  If  much  of  this  alkali  is  added, 
a copious  black  precipitate  is  produced,  but  if 
only  in  fmall  quantity  the  precipitate  is  grey. 
This  is  an  ammoniaco-mercurial  nitrat  fcarcely 
foluble  in  water,  mixed  with  a black  mercurial' 
powder,  nearly  reduced  to  the  metallic  ftate. 
The  fame  grey  precipitate  is  obtained  by  mix- 
ing nibrat  of  ammonia  with  nitrat  of  mercury. 
The  folution  yields  by  evaporation  prifmatic 
cryftals,  compofed,  according  to  Fourcroy,  of 
68.2  of  oxyd  of  mercury,  i6  of  ammonia,  and 
15.8  of  nitric  acid  and  water. 

When  the  cryftallized  nitrat  of  mercury  is 
expofed  to  a heat  gradually  increafing,  the  firft 
eff'eft  is  to  drive  off  the  water ; after  which  a 
thick  red  nitrous  acid  vapour  arifes,  part  of 
which  Is  condenfible  by  water,  and  the  re- 
mainder is  permanently  elaftic  and  flies  off. 

Dr.  Higgins'‘  found  that  on  gradually  diftil- 
ling  per  fe  34  ounces  of  dry  white  nitrat  of 
mercury,  about  8 ounces  of  acid  and  aqueous 
vapour  were  thus  driven  off,  and  nothing  more 
would  efcape  in  a heat  raifed  to  about  600®.’ 
The  refidue  is  that  red  oxyd  of  mercury  fo 
generally  known  by  the  name  of  Red  precipitate^ 
or  Red  nitrons  oxyd  of  mercury. 

This  oxyd  is  manufatlured  in  the  large  way, 
being  one  of  the  moft  important  of  the  mer- 
curial preparations,  and  when  very  well  made 
it  is  of  a very  beautiful  uniform  orange-red, 
and  of  a gliftening  fcaly  texture.  Much  tech- 
nical nicety  feems  required  to  enfure  this  uni- 
formly beautiful  appearance,  but  the  prepara- 
tion of  it  for  every  ufeful  purpofe  is  not  a 
matter  of  any  great  difficulty.  The  London 
Pharmacopoeia  gives  the  following  recipe  ; 
mix  in  a glafs  veffel  one  pound  of  nitric  acid, 
one  pound  of  mercury,  and  one  dram  of  muri- 
atic acid,  diffolve  the  mercury  in  the  acid  by 
help  of  a land  heat,  then  encreafe  the  fire  till 
the  whole  mafs  changes  into  red  cryftals,  which 
are  the  red  precipitate.  The  ufe  of  the  muri- 
atic acid  here  is  fuppofed  to  be  to  aftift  in  giv- 
ing the  beautiful  colour.  The  whole  procefs 
therefore  confifts  effentially  merely  in  diffolving 
the  mercury  in  the  acid,  evaporating  the  folu- 
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lion  to  drynefs  (It  is  not  neceflary  to  wait  for 
a regular  cryftallization)  and  then  to  continue 
the  heat  with  a cautious  increafe  till  every  red 
vapour  and  every  thing  volatile  is  driven  off. 
The  heat  may  be  raifed  almolt  to  rednefs,  but 
not  beyond,  otherwife  the  red  oxyd  itfelf  is  de- 
compofed.  It  feems  preferable  after  the  nitrat 
of  mercury  is  thoroughly  dry,  to  complete  the 
expulfion  of  the  nitrous  vapour  and  converfion 
into  red  oxyd,  by  heating  the  faline  mafs  in  a 
broad  veflel  over  an  open  fire  rather  than  in  a 
iand-bath,  great  care  being  taken  to  avoid 
breathing  the  fumes  of  the  acid,  which  feem  to 
carry  away  a fmall  portion  of  the  metal,  and 
^re  very  noxious.  As  the  nitrous  acid  here 
.ufed  generally  contains  a fmall  portion  of  mu- 
riatig  acid,  feme  corrofive  fublimate  is  alfb 
formed  and  volatilized  in  the  drying,  which 
much  contributes  to  the  noxious  quality  of  the 
vapour. 

In  the  proportions  above  given  equal  parts 
pf  mercury  and  acid  are  taken,  but  this  is  more 
acid  than  is  neceflary,  fince  a portion  of  unde- 
compofed  nitrous  acid  is  expelled  during  the 
drying.  .Fifcher  * aflerts  that  in  the  common 
way  of  preparing  this  fait  by  heating  the  white 
cryftallized  nitrat,  the  acid  is  fo  far  from  being 
faturated  that  perfe£Uy  good  precipitate  may 
be  made  by  rubbing  this  cryftallized  fait  with 
its  own  weight  of  running  mercury,  (which 
thoroughly  mixes  with  it  in  a very  few  minutes) 
and  then  heating  as  ufual  till  the  whole  becomes 
an  uniform  red  mafs. 

By  this  method  a large  portion  of  the  acid 
is  faved,  but  we  cannot  help  doubting  the  per- 
fe£l  accuracy  of  the  experiment.  No  harm, 
however,  can  arife  from  the  ufe  of  an  excefs 
of  nitric  acid,  fince  all  the  fuperfluous  part  is 
loft  in  the  evaporation,  and  therefore  on  the 
whole  it  feems  the  beft  not  to  load  the  acid 
with  much  more  than  its  own  weight  of  the 
metal. 

Red  precipitate,  well  prepared,  fo  clofely 
refembles  the  precipitate  per  fe,  or  oxyd  formed 
by  fimple  calcination,  already  deferibed,  that 
there  is  little  danger  of  error  in  adopting  the 
ufual  opinion  that  they  are  identically  the  fame 
and  are  compofed  only  of  mercury  and  oxygen. 
The  phenomena  of  their  decompofition  too  moft 
clofely  correlpond,  for  when  the  red  nitrous 
oxyd  is  heated  to  rednefs  it  gives  out  a copious 
ftream  of  oxygen,  and  the  metal  diftills  over  in 
its  reguline  ftate,  leaving  at  laft  not  an  atom  of 
any  fubftance  in  the  diftilling  veflel.  The  only 
Iwown  difference  between  the  two  (colour  ex- 
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cepted,  which  Is  much  the  brighteft  In  the  red 
nitrous  oxyd)  is  that  the  nitrous  oxyd  gives  out, 
befides  oxygen,  a certain  portion  of  azotic  gas, 
owing  to  the  final  decompofition  of  the  lall 
adhering  particles  of  nitrous  acid. 

The  oxygen  gas  from  this  as  from  the  other 
mercurial  oxyds  is  always  at  firft  mixed  with 
fome  mercury  in  vapour,  and  fometimes  with  a 
minute  portion  of  corrofive  fublimate,  fo  that  it 
is  not  fit  for  all  the  purpofes  of  oxygen  gas  till 
it  has  ftood  for  feveral  hours  in  contact  with 
water. 

Nitrat  of  mercury  in  every  ftate  of  oxy- 
genation is  readily  decompofed  by  many  other 
acids.  If  fulphuric  acid  or  any  alkaline  fulphat 
be  poured  into  liquid  nitrat  of  mercury,  a white 
precipitate  is  produced,  which  by  waftiing  be- 
comes yellow,  and  is  the  fub-fulphat  or  turbith. 
If  muriatic  acid  or  any  alkaline  muriat  is  added, 
the  precipitate  is  a white  muriat,  but  under 
certain  limitations  which  will  be  prefently  men- 
tioned. 

There  are  two  (and  only  two)  combinations 
of  mercury  with  the  muriatic  acid,  forming 
falts  of  very  different  properties  in  every  refpeft, 
both  of  which  are  of  high  importance  in  tech- 
nical as  w'ell  as  experimental  chemiftry,  and 
have  engaged  more  of  the  attention  of  chemifts 
than  perhaps  any  other  of  the  metallic  falts. 
One  of  thefe  is  a very  foluble  cryftallizable  fait 
of  a very  acrid  naufeous  tafte  and  a violent 
poifon  in  any  but  fmall  dofes,  which  is  pre- 
pared almoft  entirely  by  fublimation,  and  is 
called  corrofive  fublimate^  or  corrofive  muriat  of 
mercury,  or  at  prefent  by  fome,  Amply  muriat  of 
mercury,  and  by  feveral  of  the  French  ciiemifts, 
though  incorredbly,  oxymuriat  of  mercury.  This 
fait  confifts  of  muriatic  acid  and  mercury  oxy- 
dated  to  a high  degree. 

The  other  combination  of  mercury  with  the 
marine  acid  is  a white  powder  with  but  little  tafte, 
infoluble  in  water,  and  prepared  fometimes  by 
fublimation,  (by  which  method  alone  it  is  cryftai- 
lizablc)  fometimes  in  the  moift  way.  It  confifts 
of  muriatic  acid  fuperfaturated  with  mercury  at  a 
lower  ftate  of  oxydation  than  in  the  former  fait j 
and  may  be  prepared  (as  it  often  actually  is)  by 
combining  the  corrofive  muriat  with  an  additional 
portion  of  mercury  in  the  metallic  ftate,  whereby 
the  fame  relative  portion  of  acid  is  united  with 
much  more  metal,  and  the  oxygen  of  the  fait 
diftributes  itfelf  equally  to  the  newly -added 
mercury,  bringing  the  whole  to  a lower  ftate  cf 
oxydation.  This  latter  preparation  has  received 
the  various  names  of  mild  meratriul  miirtui,  or 
• J’bil.  Mag.  vol.  xvii. 
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fweet  viercury  (being  much  lefs  active  in  its 
effects  on  the  animal  body  than  the  former)  and 
alfo  calomel,  by  which  name  it  is  moft  known  in 
medicine.  To  avoid  confufion  we  lliail  at  pre- 
fent  chiefly  employ  the  terms  corrofive  mnriat, 
and  calomel,  in  defcrlbing  thefe  different  fails. 

Mercury  in  the  metallic  ftate  is  not  a£i:ed  on 
by  the  muriatic  acid,  either  hot  or  cold,  but 
when  the  metal  is  previoufly  oxydated  or  dif- 
folved  in  an  acid,  the  muriatic  acid  readily 
unites  with  it,  and  it  is  in  this  indire£l  way 
that  the  muriats  of  mercury  are  formed. 

Corrofive  muriat  is  prepared  almolt  exclu- 
fively  by  the  procefs  of  fublimation.  All  the 
materials  necellary  are  ; mercury,  brought  to  a 
high  degree  of  oxydation  by  previous  lolution 
in  an  acid  ; and  muriatic  acid  in  a ftate  fit  to  be 
difengaged  in  the  vaporous  form ; and  the  heat 
ufed  for  fubliniing  expels  both  the  mercury  and 
the  acid  in  union  with  each  other,  which  on 
cooling  cryftallize  into  the  corrofive  fait. 

One  good  method  therefore  of  making  this 
fait  (which  is  often  ufed  J is  the  following. 
Diflblve  in  a glafs  veflel  8 ounces  of  mercury 
in  lo  or  I2  ounces  of  nitric  acid,  evaporate 
this  folution  to  perfefi:  drynefs,  which  leaves  a 
white  fait,  the  nitrat  of  mercury;  rub  this  fait 
in  a mortar  not  made  of  metal  with  8 ounces  of 
decrepitated  common  fait,  and  as  much  fulphat 
of  iron  previoufly  dried  to  a white  powder  by 
heat.  When  thefe  materials  are  well  mixed, 
put  them  into  a matrafs,  of  which  two-thirds 
are  left  empty,  place  It  on  a fiind-bath  with  the 
hot  find  juft  hiding  the  materials,  and  proceed 
to  fublimation  with  a heat  gradually  railed  to 
rednefs,  allowing  the  fumes  to  pafs  off  up  a 
, chimney,  as  they  would  be  dangerous  to  breathe. 
When  cold,  break  the  matrafs  carefully  (which 
■is  better  done  if  it  is  previoufly  cracked  round 
with  a cold  wet  iron  while  ftill  hot)  and  fepa- 
rate  t!ie  white  cryftallized  fublimate  from  what 
remains  at  the  bottom.  The  former  is  the  cor- 
rofive muriat,  the  latter  is  a mixture  of  fulphat 
of  ioda  and'o.xyd  of  iron  arifing  from  the  mu- 
tual decoranofition  of  the  common  fait  and  the 
fulphat  of  iron.  The  foie  ufe  of  the  fulphat  of 
iron  is  to  afford  fulphuric  acid,  in  order  to  dif- 
. engage  the  acid  of  the  common  filt  in  a .vapo- 
rous form.  The  corrofive  fublimate  formed  in 
this  operation  is  beautifully  cryftallized  in 
needles  if  the  heat  be  moderate,  but  if  It.be  too 
great,  the  fait  coalelces  into  a fugle  cake  com- 
pofed  of  very  fmall  cryftalline  particles. 

In  lome  of  the  large  manufahfories  of  this 
fait  in  Holland,  the  mercury  Is  faid  not  to  be 


previoufly  diffolved  in  nitrous  acid  but  fimply 
ground  to  fine  powder  along  with  the  fait  and 
vitriol  of  iron. 

Whenever  fulphat  of  iron  is  employed,  the 
fublimate  is  liable  to  be  contaminated  with  2 
portion  of  ox  yd  of  iron,  this  metal  being  to  the 
full  as  volatilizable  by  muriatic  acid  as  the  oxyd 
of  mercury  is,  but  the  following  fimple  and 
excellent  procefs  firll  invented  by  Kunkel  “ 
excludes  iron  altogether. 

Take  equal  weights  of  mercury  and  fulphuric 
acid,  diftiJl  the  mixture  to  drynefs  till  only  the 
white  fulphat  of  mercury  is  left,  mix  this  latter 
fait  with  about  its  own  weight  of  common  fait, 
rubbing  the  mixture  well,  and  then  fublime  in 
the  way  before  mentioned.  The  fublimate  is 
very  pure  corrofive  muriat  of  mercury,  and  the 
refidue  at  the  bottom  of  the  veflel  is  fulphat  of 
foda.  The  London  Pharmacopoeia  has  adopted 
this  method  : the  proportions  employed  are  two 
pounds  of  mercury,  as  much  fulphuric  acid, 
and  three  pounds  and  a half  of  common  fait. 
In  preparing  the  fulphat  of  mercury  for  this 
procefs,  the  heating  of  the  acid  and  the  mercury 
muft  not  be  carried  fo  far  as  to  drive  off  any  of 
the  acid  which  properly  belongs  to  the  fulphat 
of  mercury,  or  in  other  words,  the  mixture  muft 
not  be  reduced  to  the  ftate  of  turbith,  otherwife 
there  will  be  no  fulphuric  acid  left  to  expel  the 
muriatic  acid  from  the  common  fait.  But  if 
turbith  be  employed  fome  frelh  fulphuric  acid 
muft  be  added. 

Another  method  nearly  as  economical  as  the 
former,  is  to  grind  up  mercury,  fulphat  of  iron, 
•common  fait,  and  nitre,  and  then  fublime.  Here 
both  the  nitrous  and  muriatic  acids  are  driven 
from  their  bafes  by  the  fuperior  affinity  of  the 
fulphuric,  and  the  mercury,  firll  difl'olved  by 
the  nitrous  acid,  is  afterwards  united  to  the 
muriatic  in  the  form  of  corrofive  muriat  wlxen 
fublimed. 

A fulphat  of  mercury  fit  for  giving  corrofive 
muriat  by  fublimation  with  common  fait  is  alfo 
formed  very  expeditioully  by  adding  nitrated 
mercury  to  a folution  of  fulphat  of  potafti,  when 
a white  fait,  the  fub-fulphat  of  mercury,  is 
precipitated,  being  very  little  foluble,  and  the 
clear  liquor  confifts  chiefly  of  nitrat  of  potafli 
formed  by  double  affinity. 

With  regard  to  the  a6lual  quantity  of  fub- 
limate produced  from  a given  proportion  of 
materials,  it  has  been  found  by  an  eminent 
practical  chemift  ° that  i6  ounces  of  mercury 
with  15  ounces  of  ftrong  fulphuric  acid  (which 
is  fufficient)  will  yield  about  23I  ounces  of  dry 
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fulphat  of  mercury,  which,  fubllmed  with  30 
oz.  of  dried  muriat  of  foda,  yield  20  02.  of  cor- 
rofive  muriat. 

Corrofive  muriat  may  be  prepared  without 
fublimation  : the  ufe  of  this  latter  procefs  being 
only  to  feparate  the  fait  from  the  other  mate- 
rials which  afe  not  volatile  at  a low  red  heat. 
7'he  following  way  is  given  by  Von  Schmidt  :p 
diflblve  2 ounces  of  mercury  in  3I  oz.  (a  lefs 
quantity  would  be  fufficient)  of  fulphuric  acid, 
and  diftil  to  drynefs  in  the  ufual  way.  Add  to 
the  white  fulphat  of  mercury  in  the  retort  a 
folution  of  5 1 oz.  of  common  fait,  and  boil  the 
mixture  for  an  hour,  then  filter  the  liquor  while 
hot,  and  evaporate  it  to  drynefs.  Add  to  the 
refiduum  (which  now  confifts  of  fulphat  of 
foda,  corrofive  muriat,  and  perhaps  fome  unde- 
compofed  common  fait)  about  16  oz.  of  alcohol, 
digeft  for  an  hour  in  a moderate  warmth,  and 
decant  off  the  clear  liquid.  This  is  a folution 
of  the  corrofive  muriat  in  the  alcohol,  the  other 
falts  being  infoluble  in  the  fpirit,  and  therefore 
remaining  at  the  bottom.  Then  evaporate  the 
alcoholic  folution  to  drynefs,  which  leaves  the 
corrofive  muriat  as  a perfedf  ly  white  mafs  which 
may  be  obtained  in  beautiful  cryftals  by  fubfe- 
quent  diflblution  in  boiling  water  and  cooling. 
Toextra£f  all  the  mercurial  muriat  from  the  mafs 
it  will  be  advifeable  to  repeat  the  procefs  with 
about  8 oz.  more  of  alcohol,  and  proceed  as 
before. 

Corrofive  muriat  may  alfo  be  made  by  dire£f 
folution  and  cryftallization.  If  oxyd  of  mercury 
is  mixed  with  water  in  a Woulfe’s  bottle,  and  a 
current  of  oxymuriatic  acid  gas  be  paffed  through 
for  fome  time,  a folution  is  formed,  which  gives 
by  evaporation  cryftals  of  very  pure  corrofive 
muriat.  In  this  manner  the  fait  may  be  ob- 
tained of  perfeft  purity. 

The  fame  product;  is  formed  when  oxymuri- 
atic acid  is  added  to  the  nitrat  of  mercury  either 
foluble  or  infoluble  in  water ; by  evapora 
tion  the  nitric  acid  flies  off,  together  with  the 
excefs  of  oxymuriatic  acid,  and  the  corrofive 
muriat  is  obtained  in  very  pure  and  regular 
cryftals. 

But  if  oxymuriatic  acid  be  poured  on  running 
mercury  it  firft  reduces  it  to  a grey  powder 
without  extrication  of  any  gas,  which  powder 
is  the  fame  in  nature  as  the  mild  muriat  or 
calomel  to  be  prefently  deferibed.  But  if  an 
excefs  of  the  acid  be  fo  ufed  this  grey  powder 
is  diffolved,  and  the  folution  is  changed  to  cor- 
rofive muriat. 

Corrofive  muriat,  in  whatever  way  it  be 
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formed,  is  a fait  which  cryftallizes,  when  formed 
by  fublimation,  generally  in  long  needles,  but 
by  watery  folution  it  affe£ts  the  form  of  four- 
fuled  prifms.  Its  tafte  is  extremely  acrid,  nau- 
feous,  and  ftrongly  metallic,  and  fo  permanent 
that  it  is  very  difficult  to  get  it  off  the  palate. 
It  is  not  deliquefcent.  Cold  water  diffolves 
xV  to  r'o  of  its  weight  of  this  fait,  but  boiling 
water  much  more.  When  heated  moderately 
(but  to  a degree  much  above  that  of  boiling 
water)  it  fublimes  in  the  form  of  a denfe  white 
fmoke  moft  exceffively  prejudicial  to  thofe  that 
refpire  it.  Light  has  a powerful  effe£l:  on  this 
fait.  If  it  is  expofed  to  a ftrong  light  it  after  a 
while  becomes  mealy  on  the  furface,  and  if 
then  thrown  into  boiling  water  the  whole  will 
not  diflblve  as  at  firft,  but  a refidue  of  a dingy 
white  colour  fettles  to  the  bottom  wdiich  is 
found  to  be  calomel.  Alfo  when  a clear  folu- 
tion of  the  fait  is  expofed  to  the  fun’s  rays  a 
fimilar  precipitation  of  a white  infoluble  fub- 
muriat  takes  place.  Hence  all  folutions  of  this 
fait  becomes  muddy  by  keeping  unlefs  fecludcd 
from  the  light.  M.  Boulley^*  found  that  during 
this  change  oxygen  was  given  out. 

This  fait  is  alfo  foluble  in  alcohol,  which 
when  moderately  warm  takes  up  about  | of  its 
weight.'"  Boiling  alcohol  diffolves  nearly  its 
own  weight,  moft  of  which  feparates  again  on 
cooling. 

Sulphuric  acid*  does  not  decompofe  this  fait, 
but  being  poured  on  it,  reduces  it  to  a powder, 
fimply  owing  to  the  abftradtion  of  its  water  of 
cryftallization  ; for  on  adding  water  the  powder 
is  entirely  rediffolved.  Nitrous  acid  added  to 
this  fait  diflblves  it  when  heated  and  lets  it  go 
on  cooling,  unaltered.  The  muriatic  acid  dif- 
folves this  fait,  but  renders  it  lefs  eafily  cryftal- 
lizable. 

All  the  alkalies  and  alkaline  earths  decom- 
pofe corrofive  fublimate.  The  fixed  alkalies  and 
alkaline  earths  when  cauftic  give  a precipitate, 
at  firft  orange,  wdilch  afterwards  deepens  into  a 
brick  red.  But  the  carbonated  alkalies  produce  a 
precipitate  of  a much  lighter  Ihade  of  colour. 
Corrofive  muriat  and  alkalies  therefore  are 
mutually  a teft  for  each  other,  and  are  often 
ufed  as  fuch. 

The  action  of  ammonia  on  this  fait  is  fingu- 
lar.  With  the  other  folutions  of  mercury  am- 
monia gives  a black  powder,  w'hich  is  the  metal 
almoft  reduced  to  a metallic  ftate,  as  already 
mentioned,  but  when  this  alkali  is  added  to  a 
folution  of  corrofive  muriat  a copious  iv/jite  pre- 
cipitate falls  down,  which  remains  white  after 
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deficcation,  Fourcroy  found  that  too  parts  of 
the  muriat  fuperfaturated  with  ammonia  gave 
86  parts  of  white  precipitate,  whereas  cauftic 
foda  gave  only  75  of  brick-red  oxyd.  The 
white  precipitate  therefore  contains  Something 
befides  oxyd  of  mercury.  It  was  infoluble  in 
water,  and  when  diftilled  per  fe  in  a retort  it 
gave  out  ammonia,  azotic  gas,  and  86  per  cent, 
of  calomel  was  left.  By  further  analyfis  Four- 
croy found  this  white  precipitate  to  confift  of 
8 1 of  oxyd  of  mercury,  1 6 of  muriatic  acid,  and 
3 of  ammonia.  It  is  therefore  a triple  com- 
pound, but  rendered  infoluble  by  the  great 
excefs  of  mercury.  Sulphuric  acid  converts  it 
to  corrofive  mmriat  and  ammoniaco-fulphat  of 
mercury.  Muriatic  acid  redilTolves  this  preci- 
pitate, and  produces  the  fame  fait  as  is  formed 
by  the  addition  of  muriat  of  ammonia  to  corro- 
five muriat,  and  which  is  of  a very  peculiar 
nature. 

When  mercury,  muriatic  acid,  and  ammonia 
are  in  a ftate  of  mutual  faturation  without  de- 
comppfition,  (as  happens  when  muriat  of 
ammonia  is  added  to  corrofive  muriat)  a moft 
intimate  combination  takes  place  between  the 
three  fubftances,  and  the  mercurial  muriat  by 
help  of  the  fal  ammoniac  is  rendered  full  twenty 
times  more  foluble  in  water  than  before,  for 
one  part  of  fal  amimoniac  diflblved  in  3 of 
water,  will  enable  the  latter  to  diffblve  no  lefs 
than  5 parts  of  the  mercurial  fait  when  the 
temperature  is  raifed.  This  triple  combination 
is  nbt  broken  by  fublimation,  for  the  fait  that, 
rifes  in  this  procefs  ftill  contains  ammonia  and 
is  equally  refoluble  in  a fmall  proportion  of 
water.  T his  triple  fait,  long  known  to  the 
older  chemifts  was  called  by  them  Sal  ahmbroth. 
In  modern  nomenclature  It  is  termed  the  am7no- 
ninco-mercurial  muriat. 

If  to  the  folutlon  of  this  fait  (formed  by  equal 
weights  of  muriated  ammonia  and  corrofive 
muriat)  be  added  a carbonated  fixed  alkali,  an 
effervefcence  takes  place,  and  a white  precipi- 
tate is  formed,  fimilar  to  that  produced  by 
fuperfaturating  corrofive  muriat  with  ammonia, 
v/hich,  as  already  mentioned,  Hill  confifts  of 
muriatic  acid,  ammonia,  and  oxyd  of  mercury, 
but  the  latter  fo  much  in  excefs  as  to  be  render- 
ed Infoluble.  This  is  the  common  white  preci- 
pitate of  pharmacy,  which  mull  be  carefully 
dillinguilhed  from  the  fimple  fub-muriat  or 
calomel.  If  however  too  much  fixed  alkali  be 
added,  the  precipitate  is  yellow.  Eight  parts 
of  corrofive  muriat  will  yield  about  of  white 
precipitate. 

The  exa<St  compofition  of  corrofive  muriat 


will  be  mentioned  after  defcribing  the  mild 
muriat  or  calomel. 

Corrofive- muriat  is  one  of  the  moft  a£Hve 
mercurial  medicines,  and  is  one  of  the  moft 
violent  poifons  in  an  over-dofe,  of  all  the  metallic 
falts,  inflaming  and  diforganizing  the  whole 
alimentary  canal.  But  it  preferves  dead  animal 
matter  very  perfe£l;ly,  which  when  waftied  with 
a faturated  folution  of  the  fait  and  expofed  to 
the  air  is  foon  covered  with  a fallne  cruft  or 
varnilh  which  no  infe£l  can  touch. 

The  next  combination  of  mercury  with  mu- 
riatic acid  to  be  mentioned,  is  the  Suh-muriat, 
mild  orfweet  Muriat,  or  Calomel.  It  differs  fronr 
corrofive  fubllmate  not  in  the  number  and 
nature  of  its  conftituent  parts  but  only  in  their 
proportion,  and  is  found  by  numerous  experi- 
ments to  contain  in  equal  weights  more  mer- 
cury, or,  (what  is  the  fame  thing)  lefs  acid, 
and  the  mercury  lefs  oxydated.  Thefe  two 
circumftances  w'iil  explain  the  many  cafes  of  the 
mutual  converfion  of  the  one  fait  into  the  other, 
and  produdbion  of  one  from  the  other  by  various 
chemical  agents. 

The  fub-m.uriat  is  made  in  two  ways,  either 
by  precipitation  from  folutlon,  or  by  fublima- 
tion. The  latter  is  the  moft  antient,  and  is  thus 
performed.  Take  one  pound  of  corrofive  fubli- 
mate  and  nine  ounces  of  running  mercury,  rub 
them  in  a mortar  w'ith  juft  water  enough  to  pre- 
vent the  fublimate  from  flying  off  in  duft  till  the 
whole  becomes  a grey  powder,and  no  globules  of 
mercury  can  any  longer  be  perceived.  Put  this 
powder  into  one  or  more  glafs  fubliming  veffels 
(common  phials  will  anfwer  in  the  fmall  way, 
which  fhould  be  no  more  than  half  full)  and 
fet  them  on  a fand  bath  covered  up  to  the 
beginning  of  the  neck  with  the  hot  fand,  and 
fublime  with  a heat  gradually  Increafed.  The 
firft  fubliming  of  the  calornel  is  perceived  by  a 
white  vapour  which  iffues  from  the  mouth  of 
the  veffel.  The  calomel  is  not  pure  after  the 
firft  operation,  for  a fmall  portion  of  undecom- 
pofed  mercury  and  of  corrofive  fublimate  firft  rife 
and  occupy  the  top  of  the  veffel.  Below  this  is 
a white  cake,  which  is  the  true  fub-muriat,  and 
at  the  bottom  of  the  veffel  remains  a fmall 
quantity  of  reddifti  oxyd  which  cannot  be 
fublimed.  The  whole  contents  of  the  fubliming 
veffel  are  then  to  be  rubbed  together  and  again 
fubmitted  to  the  fame  proccfs,  and  when 
finiftred  the  cake  of  calomel  which  occupies  the 
middle  of  the  veffel  is  to  be  carefully  feparated 
and  wafhed  repeatedly  with  hot  water  to  free  It 
from  any  adliering  particles  of  corrofive  fub- 
limate. 
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Some  chemlits  have  thought  proper  to  repeat 
the  fublimation  of  calomel  for  five,  fix,  or 
more  times  (feparating  after  each  time  the 
white  powder  that  rifes  firft  and  fixes  to  the 
top  of  the  bottles)  with  a view  of  more  com- 
pleatly  combining  the  fublimate  with  the  mer- 
cury and  rendering  it  a more  uniform  and  fafer 
medicine.  But  it  is  clearly  fhewn  that  no  good 
whatever  can  arife  from  fuch  frequent  fublima- 
tion, but  on  the  contrary,  the  calomel  every 
time  becomes  in  fome  degree  decompofed  and 
its  properties  injured. 

Calomel  nine  times  fublimed  forms  what 
has  been  ca  led  by  fome  the  Mercurial  Panacea. 

The  fub-muriat  of  mercury  is  a white  folld 
mafs  fometimes  cryftallized  in  tetrahedral  prifms 
when  flowly  fublimed.  T differs  moft  elTentially 
from  corrofive  fublimate  in  many  fenfible  and 
chemical  properties.  It  is  nearly,  if  not  en- 
tirely infoluble  in  water,  it  has  but  little  tafte, 
but  what  there  is  is  metallic  and  naufeous,  it 
becomes  yellowifli  by  long  expofure  to  light 
and  is  luminous  when  rubbed  in  the  dark.  It 
requires  a greater  heat  to  be  fublimed  than  the 
corrofive  muriat  does,  whence  after  fublimation 
of  a mixture  of  the  two,  the  upper  portion 
is  chiefly  the  corrofive  muriat  and  the  lower 
part  is  the  calomel.  When  lime-water  or  the 
alkalies  are  added  to  calomel  it  immediately 
blackens,  which  circumftance  is  a very  ufeful 
tell  for  this  fubftance. 

The  fub-muriat  may  alfo  be  prepared  in  the 
moift  way  and  without  fublimation  by  adding 
nitrat  of  mercury  to  muriat  of  foda.  a double 
decompofition  takes  place  here,  the  muriatic 
acid  uniting  with  the  mercury  into  the  fub- 
muriat  (which  being  infoluble  in  water  falls 
to  the  bottom)  and  the  nitric  acid  and  foda  of 
the  fait  remain  united  in  the  liquor.  For  this 
procefs  we  are  indebted  to  the  illullrious  Scheele, 
w'hence  the  preparation  is  fometimes  called 
Scheele’s  Calomel.  It  is  thus  made.  Take 
a folution  of  mercury  in  nitrous  acid  fo  ftrong 
as  to  be  perfeftly  faturated  even  while  boiling. 
For  this  about  fix  ounces  of  acid,  and  as  much 
mercury  may  be  ufed.  Then  pour  the  folution 
rather  gradually  into  another  veflel  containing 
fpur  ounces  of  common  fait  diffolved  in  half  a 
pint  of  boiling  water. 

When  the  white  fub-muriat  has  entirely 
fubfided,  pour  off  the  fupernatant  liquor  and 
■\V'a{h  the  precipitate  thoroughly  with  warm 
water,  then  dry  it  in  a gentle  heat. 

"•  he  fub-muriat  prepared  in  this  way  fcarcely 
if  at  all  differs  from  the  calomel  formed  by 
fublimation,  being  equally  infoluble  in  water. 


blackened  by  lime-water,  and  firewing  all  the 
other  properties  of  calomel.  This  precaution 
however  is  to  be  obferved,  which  is,  that  as 
the  nitrous  folution  when  loaded  with  mercury 
(as  in  the  prefent  cafe)  is  in  part  decompofable 
by  mere  water,  it  flrould  be  dropped  gradually 
into  the  folution  of  fait  with  frequent  ftirring, 
(and  not  the  fait  added  to  the  nitrat  as  diredled 
by  fome)  and  alfo,  as  Mr.  Chenevix  has  ob- 
ferved, it  will  more  entirely  fecure  the  decom- 
pofition of  the  nitrat  if  a little  muriatic  acid  be 
added  to  the  folution  of  common  fait  before  it 
is  ufed.  The  fub-muriat  thus  prepared  may 
alfo  if  neceiTary  be  afterwards  fublimed,  and  it 
will  be  found  to  rife  in  the  fubliming  veflel 
almoft  without  any  refidue. 

Mercury  is  not  known  to  exift  In  any  other 
form  of  combination  with  muriatic  acid  than  as 
corrofive  muriat  and  fub-muriat,  no  interme- 
diate ftate  of  faturation  with  the  acid  having 
been  ever  obferved,  and  as  before  mentioned, 
the  difference  between  the  two  falts  is,  that  the 
corrofive  muriat  contains  more  acid  than  the 
fub-muriat,  lefs  mercury,  and  the  merCury  is  in 
a lower  ftate  of  oxygenation.  A number  of 
fa£ls  have  been  obferved  by  chemifts  relating  to 
the  mutual  change  of  one  of  thefe  falts  into  the 
other  by  different  reagents  fome  of  which  may 
be  mentioned. 

-Beaume  endeavoured  to  form  fome  inter- 
mediate muriat  of  mercury  both  by  mixing  and 
fubliming  proportions  of  corrofive  fublimate 
and  running  mercury,  different  from  thofe  that 
conftitute  calomel,  and  by  mixing  corrofive 
muriat  and  calomel  and  fubliming,  but  in  no 
inftance  w^as  there  produced  any  thing  but 
corrofive  muriat  and  calomel. 

The  proportion  of  fub-muriat  produced  In 
Scheele’s  method  depends  on  the  degree  in 
which  the  nitric  acid  is  faturated  with  the 
mercury.  If  an  excefs  of  acid  remains,  but 
little  calomel  is  produced  on  adding  the  common 
fait,  and  the  folution  contains  corrofive  muriat. 

The  mercury  in  calomel  is  lefs  oxygenated 
than  in  corrofive  muriat,  and  many  curious 
experiments  have  been  made  Illuftrating  this 
faft.  Thus,  as  Prouft  obferves,  if  muriatic 
acid  be  boiled  on  calomel,  corrofive  muriat  is 
formed,  and  fome  running  mercury  appears,  fo 
that  the  calomel  is  divided  into  two  portions, 
one  of  w'hich  takes  the  oxygen  belonging  to 
both  and  unites  with  the  acid  into  corrofive 
muriat,  and  the  other  therefore  is  reduced  to 
the  metallic  ftate.  * 

Luffac  found  that  on  mixing’  corrofive  fub- 
limate and  red  oxyd  of  mercury,  and  fubliming, 
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if  the  heat  was  moderate  the  corrofive  muriat 
rofe  in  the  vefTel  unaltered,  but  at  a low  red 
heat,  calomel  was  produced.  Now  as  the  red 
oxyd  parts  with  its  oxygen  at  this  heat,  the 
remaining  mercury  muft  have  been  reduced  to 
the  metallic  ftate,  and  thus  by  combining  with 
the  corrofive  muriat  produced  the  calomel. 

The  precipitate  from  nitrat  of  mercury  by 
potafli  or  foda  gives  no  calomel  when  combined 
with  corrofive  muriat  and  fublimed  at  a mode- 
rate heat,  as  Cornette  has  obferved;^  but  when 
the  precipitate  from  nitrated  mercury  by  ammonia 
is  uled,  a large  quantity  of  perfedl  calomel  is 
procured. 

This  experiment,  Cornette  very  fatisfadlorily 
explains  by  {hewing  the  different  nature  of  the 
precipitate  by  ammonia  from  thofe  by  the  fixed 
alkalies,  and  the  property  of  the  volatile  alkali 
to  reduce  metallic  oxyds  to  their  reguline  ftate. 

The  deoxydaling  power  of  muriat  of  tin 
fhews  in  a fatisfadfory  way  the  refpedlive 
compofition  of  corrofive  muriat  and  calomel. 

Muriat  of  tin  (as  will  be  mentioned  under 
that  article)  when  faturated  with  metal  has  the 
power  of  depriving  mercurial  folutions  of  their 
oxygen  and  reducing  them  to  the  metallic 
ftate. 

When  a few  drops  of  muriat  of  tin*"  are  added 
to  a folution  of  corrofive  muriat,  a whitifh 
yellow  powder  is  obtained  which  agrees  in 
every  property  with  calomel;  if  a little  more  of 
the  tin  is  added,  the  powder  becomes  grey, 
and  on  examination  by  the  microfeope  is 
found  to  be  globules  of  running  mercury.  But 
if  a large  quantity  of  muriat  of  tin  is  added  at 
once  to  the  corrofive  muriat,  the  intermediate 
ftate  of  calomel  is  not  produced,  and  the  mer- 
cury at  once  affumes  the  reguline  form. 

When  nitrous  acid  is  added  to  calomel,  a 
copious  difengagement  of  nitrous  fumes  takes 
place,  (which  does  not  happen  with  the  perfedl: 
oxyds  of  mercury)  the  calomel  is  dllTolved,  and 
the  folution  diftilled  to  drynefs  gives  a white 
fallne  mafs.  This,  heated  in  a clofe  vell'el 
gives  about  half  its  weight  of  a cryftalllzed  fait 
which  fublimes  at  the  upper  part  of  the  vefTel 
and  is  corrofive  muriat.  The  remainder  when 
further  heated,  emits  abundant  red  fumes, 
changes  colour,  and  at  laft  is  converted  into  the 
red  oxyd  of  mercury. 

It  has  been  fuppofed  by  fome  chemifts  of 
eminence,  that  the  acid  of  corrofive  fublimate 
was  the  oxy-muriatic,  or  in  other  words,  that 


a part  of  the  oxygen  which  Is  contained  In  this 
fait  is  united  to  the  acid  and  not  to  the  mercury. 
As  long  as  they  are  aftually  in  combination  it 
is  not  eafy  (if  at  all  pofTible)  to  make  this 
diftindlion,  but  it  is  certain  that  whenever  the 
acid  is  feparated  from  the  fait  it  appears  in  the 
form  of  the  fimple  muriatic,  and  not  the  oxy- 
muriatic.  Mr.  Chenevix’s  experiments’’  on  this 
head  are  decifive,  as  will  be  further  mentioned 
under  the  article  Oxymuriatic  Acid.  When 
the  fulphuric  acid  is  added  to  corrofive  muriat, 
no  acid  fumes  are  difengaged,  whereas  if  the 
acid  were  the  oxymuriatic,  it  would  probably 
be  fet  at  liberty.  Likewife  when  corrofive  mu- 
riat is  decompofed  by  potafli,  the  refult  is 
fimply  oxyd  of  mercury  and  muriat  of  potaftr, 
not  oxymuriat,  Nitrat  of  filver  alfo  gives  a 
precipitate  of  fimple  muriat  of  filver  or  luna 
cornea. 

To  determine  the  compofition  of  corrofive 
muriat  and  of  calomel,  Mr.  Chenevix  firft 
decompofed  loo  grains  of  corrofive  muriat  by 
nitrat  of  filver  to  eftimate  the  muriatic  acid, 
and  another  loo  grains  by  potafli  for  the  oxyd 
of  mercury,  and  thus  found  the  conftituents  of 
corrofive  muriat  to  be  82  per  cent,  of  oxyd  of 
mercury,  and  18  of  muriatic  acid.  To  find 
out  the  degree  of  oxygenation  of  the  metal,  an- 
other portion  of  mercury  was  dilToIved  in  nitric 
acid,  to  which  was  added  muriatic  acid,  and 
the  whole  was  then  evaporated  to  drynefs,  and 
fublimed.  A hundred  grains  of  mercury  thus 
treated  gave  143.5  of  corrofive  fublimate,  whence 
(the  quantity  of  acid  in  this  fait  being  previoufly 
known)  the  refpedfive  quantities  of  mercury 
and  oxygen  were  afeertained,  and  it  appears 
that  the  metal  is  here  oxydated  at  the  rate  of 
15  of  oxygen  in  1 00  of  oxyd.  Calomel  was 
then  treated  in  a fimilar  way,  being  firft  dif- 
folved  in  nitric  acid  and  decompofed  by  nitrat 
of  filver  to  determine  the  quantity  of  muriatic 
acid,  whence  it  was  found  to  confift  of  88.5  of 
oXyd  of  mercury,  and  11.5  of  muriatic  acid. 
T6  find  the  ftate  of  oxydation  in  calomel,  a 
given  portion  was  boiled  with  nitro-muriatic 
acid,  evaporated  to  drynefs,  and  fublimed,  by 
which  it  was  totally  converted  into  corrofive 
muriat,  and,  by  comparing  thefe  data  with 
known  proportions  of  the  corrofive  muriat  be- 
fore afeertained,  Mr.  C.  found  the  metal  in 
calomel  to  be  oxydated  at  the  rate  of  only  10.7 
of  oxygen  in  100  of  oxyd,  whereas  that  of  ' 
corrofive  muriat  is  15  In  too. 

1 Prouft  J.  Pbys.  Tom,  59.  p 337. 
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A hundred  parts  of  calomel  therefore  contain 
Mercury  79  ~1  gg 

Oxygen  9S  J ^ 

Muriatic  acid  1 1 .5 


100.0 


A hundred  parts  of  corrofive  muriat  contain 


Mercury 

69.7' 

^8. 

Oxygen 

12.3. 

Muriatic  acid 

18 

100. 

Mr,  Chenevix  in  afcertaining  that  corrofive 
fublimate  was  not  oxymuriat  of  mercury,  but 
merely  muriat  of  mercury  highly  oxydated,  has 
difcovered  a fait  which  is  truly  the  oxymuriat 
of  this  metal.  By  palling  a current  of  oxymu- 
riatic  gas  through  water  in  which  there  was 
fome  red  oxyd  of  mercury,  after  a time  the 
red  oxyd  became  of  a very  dark  brown  colour, 
and  part  of  it  was  diflblVed.  The  liquor  was 
then  evaporated  nearly  to  drynefs  and  a mixed 
fait  was  obtained,  confifting  partly  of  corrofive 
muriat,  and  partly  of  another  fait  which  cryftal- 
lized  later  than  the  former,  and  on  being  re- 
diflblved  and  cryltallized  appeared  nearly  pure. 
This  fait  has  not  been  much  examined,  but  it 
poflefles  the  efl'ential  quality  of  an  oxymuriat  in 
giving  out  vapours  of  oxymuriatic  acid  by  the 
alFufion  of  the  fulphuric  or  any  llronger  acid. 

The  a£tion  of  molt  of  the  other  acids  on 
mercury  has  been  examined,  but  few  of  the  falts 
are  interefting. 

The  acetous  acid  has  no  aftion  on  mercury, 
but  if  boiled  on  its  oxyds  it  diflblves  them, 
though  with  difficulty.  But  the  bell  and  moll 
effebtual  way  of  making  the  acetited  mercury  is 
by  the  double  decompofition  of  nitrated  mercury 
and  acetited  potafli.  For  this  purpofe  take  3 
ounces  of  mercury,^  diflblve  it  in  about  4|  oz. 
of  nitric  acid  or  a little  more  than  is  fufficient 
for  folution  without  heat.  Mix* this  with  3 oz. 
of  acetite  of  potalh  previoully  diflblved  in  8 
pounds  of  boiling  water  and  fet  the  whole  alide 
to  cryllallize,  which  takes  place  as  the  liquor 
cools,  and  the  acetited  mercury  then  feparates 
in  the  form  of  fine  foft  micaceous  cry  Hal  line 
plates,  very  light  and  fpungy.  Then  walh  them 
with  cold  water  and  dry  them  by  palling  between 
folds  of  blotting  paper. 

In  preparing  this  fait  it  is  effential  to  pour 
the  mercurial  folution  into  the  acetite,  other- 


wife  part  of  the  nitrat  of  mercury  would  be 
decompofed  by  the  mere  water  of  the  folution, 
and  an  infoluble  fub-nitrat  would  be  n.ixed  with 
the  acetite.  The  quantity  of  water  of  foltition 
here  directed  is  fufficient  to  dilTolve,  when 
boiling,  both  the  acetite  of  mercury  and  the 
nitrat  of  potalh ; but  the  procefs  fucceeds  as 
well  if  only  a few  ounces  of  water  are  ufed, 
fufficient  to  dilTolve  the  new  formed  nitrat  of 
potalh,  in  which  cafe  the  whole  acetite  of 
mercury  is  precipitated  and  may  be  feparated 
and  fubfequently  redilli  Ived  and  cryltallized. 
Neither  is  it  necell'ary  to  ufe  the  cryltallized 
acetite  of  potafli,  diftillcd  vinegar  nearly  fatu- 
rated  with  potafh  anfwering  all  the  purpofe, 

Acetited  mercury  is  fcarcely  foluble  in  cold 
water,  but  readily  diflblves  as  the  heat  is  laifed. 
The  dry  fait  is  eafily  decompofed  by  heat. 

The  carbonic  acid  only  unites  with  mercury 
when  an  acid  folution  is  precipitated  by  a car- 
bonated alkali.  The  carbonated  oxyds  are  white 
and  remain  fo  unaltered  by  the  air. 

The  boracic  acid  may  be  made  to  unite 
with  mercury  in  the  fame  way  as  the  acetous 
acid,  that  is  by  double  decompofition.  For 
this  purpofe  common  borax  mull  firll  be  neu- 
tralized with  its  own  acid,  then  diflblved  in 
water,  and  nitrated  mercury  poured  into  it. 
The  borat  of  mercury  partly  feparates  on  the 
firll  mixture  of  the  liquor,  and  more  may  be 
obtained  by  evaporation.  This  fait  is  in  the 
form  of  brilliant  fcales,  which  grow  yellow  by 
expofure  to  air. 

The  phofphat  of  mercury  is  formed  in  the 
fame  way  as  the  lall,  by  adding  nitrat  of 
mercury  to  an  alkaline  phofphat.  A white 
precipitate  is  formed  which  is  phofphat  of 
mercury  nearly  infoluble. 

When  the  nitrat  of  mercury  is  decompofed 
by  alcohol,  a very  lingular  powder  is  produced,, 
which  appears  to  be  the  oxalat  of  this  metal, 
and  poflefles  a moll  allonilhing  power  of  ex- 
plofion  when  kindled,  as  difcovered  by  Mr. 
Howard.  This  fulminating  mercury  will  be 
deferibed  in  the  next  article. 

None  of  the  alkalies  have  any  ablion  upon 
mercury,  but  the  fixed  alkalies  dilTolve  its 
oxyds.  Thefe  combinations  have  been  but 
little  examined. 

Ammonia  added  to  any  of  the  mercurial 
oxyds  immediately  blackens  them,  caufes  the 
difengagement  of  azotic'gas,  and  reduces  them 
nearly  to  the  metallic  Hate.  Fourcroy  alfo 
alTerts  that  another  ablion  takes  place,  namely,, 
the  production  of  a quantity  of.  nitric,  acid  by ! 
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means  of  part  of  the  azot  of  the  decoinpofed 
ammonia,  which  acid,  as  foon  as  formed, 
feizes  on  part  of  the  ammonia  and  part  of  the 
mercury,  producing  the  ammoniaco-mercurial 
nitrat  already  defcribed. 

Mercury  is  capable  of  combining  with  fulphur 
under  various  circumftances  and  in  different 
proportions ; and  as  the  rationale  of  thefe  pro- 
cefl'es  has  excited  no  fmall  controverfy  among 
fome  of  the  ableft  modern  chemifts,  we  fliall 
endeavour  to, give  a clear  and  full  ffatement  both 
of  the  fadfs  and  opinions  belonging  to  this  inter- 
efllng  fubjecf. 

If  one  part  of  mercury  and  three  parts  of 
flowers  of  fulphur  are  triturated  together  in  a 
mortar,  the  globules  of  metal  by  degrees  difap- 
pear  and  combine  with  the  fulphur  into  a dark 
grey  powder,  which  becomes  mure  and  more 
deep  coloured  the  longer  the  trituration  is  con- 
tinued, When  the  ingredients  are  fo  accurately 
ground  together  that  no  more  globules  of  mer- 
cury can  be  dilfinguiflied  by  the  naked  eye, 
mere  expofure  to  the  air  without  any  further 
trituration  will  at  length  render  the  powder 
perfedlly  black  : in  this  ftate  it  was  known  to 
.ancient  chemifts  by  the  name  of  Ethiops  mineral. 
This  fubftance,  from  its  colour  and  from  its 
becoming  more  and  more  black  by  expofure  to 
the  air,  is  fuppofed  by  Fourcroy  and  certain 
other  modern  chemifts,  to  be  a compound  of 
fulphur  and  black  oxyd  of  mercury.  But  this 
opinion  feems  to  be  entirely  deftitute  of  founda- 
tion ; for  if  the  fulphur  and  mercury  in  the 
requifite  proportions  be  put  into  a dry  vial  and 
clofely  corked,  and  afterwards  fhaken  vigoroufly 
for  about  a quarter  of  an  hour,  a perfectly  black 
ethiops  will  be  produced,  and  yet  the  inclofed 
air  upon  examination  will  be  found  to  be  neither 
altered  in  bulk  nor  deprived  of  any  oxygen.  The 
mercury  and  fulphur  in  this  ethiops  are  fuppofed 
to  be  much  more  loofely  combined  than  in  the 
ethiops  made  by  heat,  becaufe  if  the  former  is 
rubbed  upon  gold  it  will  whiten  its  furface,  which 
the  latter  is  incapable  of  doing;  this  efFedl  how- 
ever may  well  happen  from  the  minute  uncom- 
bined globules  of  metal  with  which  the  ethiops 
generally  abounds,  rather  than  from  the  aftual 
decompofition  of  that  portion  which  has  united 
with  the  fulphur. 

But  althougii  mercury  and  fulphur  are  capable 
of  uniting  with  each  other  at  the  ufual  atmof- 
pheric  temperature,  yet  the  combination  takes 
place  much  more  rapidly,  and  a fmaller  propor- 
tion of  fulphur  is  neceflary  for  the  faturation  of 
the  mercury,  if  both  the  ingredients  are  prc- 


fented  to  each  other  in  a liquid  ftate.  For  this 
purpofe  let  any  quantity  of  fulphur  be  melted 
in  an  earthen  pot,  and  an  equal  weight  of  mer- 
cury be  then  added,  care  being  taken  to  mix  the 
two  fubftances  by  accurately  ftirring  them  with 
a tobacco-pipe,  or  any  other  convenient  inftru- 
ment ; an  immediate  combination  will  then 
take  place,  the  mafs  will  become  black  and  hot 
even  to  inflammation,  (which  however  muft  be 
extinguifhed  as  fpeedily  as  polTible,  left  a lofs 
botli  of  fulphur  and  metal  be  fuftained).  When 
no  more  globules  of  mercury  are  perceptible  let 
the  veflel  be  removed  from  the  fire  and  its  con- 
tents allowed  to  cool,  ftirring  them  all  the  while. 
The  refulting  compound  is  in  the  form  of  fmall 
hard  black  lumps,  and  is  called  Ethiops  mineral 
prepared  by  fire.  It  differs  from  the  preceding 
in  containing  lefs  fulphur,  and  when  rubbed 
upon  gold,  does  not  whiten  it,  probably  on  ac- 
count of  its  holding  no  uncombined  mercury. 

There  is  a third  fpecies  of  ethiops  mineral 
prepared  like  the  preceding  by  fufion,  but 
differing  materially  in  the  proportion  of  its 
ingredients  •,  for,  whereas  the  former  contains 
equal  parts  of  fulphur  and  mercury;  in  this  the 
fulphur  does  not  exceed  20  per  cent,  of  the 
whole  mafs.  In  confequence  of  this  excefs  of 
mercury,  more  time  and  a higher  heat  are  re- 
quired to  accomplifh  the  combination,  and  it 
is  attended  by  a remarkable  evolution  of  flame 
at  the  moment  of  combination,  that  renders  it 
unfafe  to  make  ufe  of  clofe  veffels  for  this  pur- 
pofe. Beaume'  relates,  as  the  refult  of  his  own 
experiments,  that  the  common  ethiops  may  be 
prepared  at  the  loweft  heat  at  which  fulphur 
becomes  fluid,  and  that  the  combination  takes 
place  in  perfedl  quiet : but  when  the  materials 
are  employed  in  the  proportion  of  the  latter 
mentioned  ethiops,  a confiderable  part  of  the 
mercury  will  remain  uncombined,  except  at  a 
temperature  equal  to  that  in  which  fulphur 
becomes  glutinous : while  the  union  is  taking 
place  the  mafs  heats  fpontaneoufly,  and  a jet  of 
flame  is  difengaged.  The  colour  of  this  ethiops 
is  a dark  violet ; and  by  fublimation  at  a red 
heat  it  becomes  of  a brownifli  blood  colour 
when  in  mafs,  but  when  levigated  it  exhibits  a 
bright  crimfon,  verging  more  or  lefs  upon  fcarlet. 
In  this  ftate  it  is  called  cinnabar  or  vermilllon, 
and  probably  differs  in  nothing  but  its  fuperior 
purity  from  the  native  cinnabar. 

The  prepared  cinnabar  being  much  preferable 
to  the  native  as  a pigment,  has  long  been  a con- 
fiderable article  of  chemical  manufafture,  and 
as  the  Dutch  Iiave  the  reputation  of  making  the 
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beft,  we  fliall  here  defcrlbe  their  method  of 
proceeding,  as  related  by  M.  Tuckert.  “ This 
manufadture  confifts  of  two  diftindl  operations, 
the  one  being  the  preparation  of  the  ethiops,  the 
other  the  converfion  of  the  ethiops  into  cin- 
nabar. To  make  the  ethiops,  a boiler  of  iron 
polilhed  on  the  inlide,  and  about  'x\  feet  in  dia- 
meter, and  I in  depth,  is  charged  with  1080  lbs 
of  mercury,  and  150  lbs  of  fulphur  (or  per  cent. 
87.8  mercury,  and  12.2  fulphur)  a moderate 
heat  is  then  applied  gradually  increafmg,  and 
accompanied  by  fuitable  ftirring  of  the  ingredi- 
ents till  the  whole  appears  to  be  thoroughly 
mixed  and  combined.  The  black  fulphuret  of 
mercury  thus  formed,  is  then  removed  from  the 
boiler  and  pulverized.  In  order  to  convert  this 
into  cinnabar,  three  large  earthen  fubliming 
pots  are  placed  in  a furnace,  and  gradually 
brought  to  a red  heat  by  means  of  turf : at  this 
time  the  cover  of  each  (which  confifts  of  a Am- 
ple fquare  plate  of  iron)  is  removed,  and  the 
contents  of  an  earthen  vefiel  holding  about  a 
pint  and  a half  of  ethiops,  are  poured  into  each 
pot.  In  a few  feconds  a column  of  flame  rifes 
out  of  the  pots,  to  the  heighth  of  five  or  fix  feet, 
and,  as  foon  as  it  begins  to  leflen,  the  further 
efcape  of  the  contents  is  prevented  by  putting 
on  the  iron  cover.  In  a ftiort  time  after,  a fe- 
cond  charge  is  poured  in,  to  which  fucceeds  a 
third,  and  fo  on,  till  at  the  end  of  thirty-four 
hours  the  whole  of  the  ethiops  has  been  equally 
divided  between  the  three  pots,  making  410  lbs. 
for  each.  The  fire  is  now  kept  up  as  fteadily 
as  polfible  for  thirty-fix  hours  longer,  in  order 
to  accomplifh  the  fublimation,  care  being  taken 
to  ftir  up  the  materials  at  the  bottom  of  the 
veflels  at  leaft  once  every  half  hour,  by  an  iron 
rod  made  for  the  purpofe  and  introduced  at  the 
top.  At  the  fame  time  the  workman  afcertains 
how  the  procefs  is  going  on  by  the  flame  which 
appears  when  the  cover  is  removed ; If  it  rifes 
to  the  heighth  of  two  or  three  feet,  the  heat  is 
too  great,  as  on  the  other  hand  it  is  too  feeble 
if  the  flame  only  lightly  quivers  about  the  mouth 
of  the  pot-,  the  proper  temperature  is  marked 
by  the  flame  rifing  vigqroufly,  yet  not  exceed- 
ing three  or  four  inches  In  heighth.  When  the 
laft  thirty-fix  hours  are  expired,  the  furnace  is 
extinguhhed,  and  the  whole  allowed  to  cool : 
the  fubliming  pots  are  then  taken  out,  the  Iron 
hoops  with  which  they  are  bound  are  knocked 
off,  and  the  pots  themfelves  are  broken  ; the  cin- 
nabar is  found  fublimed  in  the  upper  part  of  the 
veffel  to  the  amount  of  400  lbs.  being  lolbs.  lefs 
than  the  ethiops  that  was  put  in : or  In  other 
* Ann.  de  Clien..  iv.  p.  25. 


words,  the  lofs  of  weight  fuftained  by  the  con- 
verfion of  ethiops  into  cinnabar,  amounts  to  2| 
per  cent. 

Cinnabar  when  re-fubllmed  undergoes  no 
alteration  except  that  a variable  though  large 
proportion  is  loft,  owing  to  the  combuftion  of 
the  fulphur  and  volatilization  of  the  mercury. 
If  cinnabar  inftead  of  being  heated  in  clofe 
veffels,  is  put  into  an  earthen  teft,  and  heated 
nearly  to  obfcure  red,  a total  decompofitlon 
takes  place ; the  fulphur  is  converted  into  ful- 
phureous  acid,  and  the  mercury  flies  off  in  the 
ftate  of  vapour.  Long  expofure  to  air  and 
moifture  feems  to  have  no  fort  of  a£tion  on  cin- 
nabar or  ethiops  ; but  they  are  both  decompofed 
by  dry  diftillation  with  barytes,  lime,  and  the 
fixed  alkalies,  and  with  the  following  metals, 
iron,  copper,  tin,  lead,  filver,  cobalt,  nickel,  bif- 
muth  and  antimony.  In  all  thefe  cafes  the  ful- 
phur of  the  cinnabar  combines  with  the  added 
alkali  or  metal,  while  the  mercury  paffes  over  in 
the  liquid  ftate. 

A remarkable  circumftance  attending  the  de- 
compofition  of  cinnabar  by  iron  filings,  is  the 
produdlion  of  an  odour  refembling  that,  of  ful- 
phuret of  ammonia  according  to  Sage,  and  of 
ammonia  according  to  Beaume  : this  odour  is 
fo  ftrong  and  permanent  in  the  balloon  receiver 
of  the  dillillatory  apparatus,  that  it  remains  very 
perceptible  for  feveral  days,  even  though  the 
veflel  is  expofed  to  the  open  air.  The  ammonia 
however  thus  developed,  is  in  all  probability 
neither  formed  by  this  procefs  nor  liberated  from 
the  cinnabar,  but  from  the  iron  filings,  for,  ac- 
cording to  the  interefting  experiments  of  Dr. 
Auftin  (fee  Ammonia,  p.  67)  it  is  readily 
generated  by  expofing  moift  iron  filings  to  an 
azotic  atmofphere. 

In  the  moift  way  none  of  the  acids  have  any 
aftion  on  cinnabar,  except  the  concentrated 
fulphuric  and  the  nitric  : the  former  oxygenates 
die  mercury  and  converts  it  to  fulphat,  lulphu- 
reous  acid  being  difengaged  ; the  latter  oxyge- 
nates both  the  mercury  and  the  fulphur,  nitrous 
gas  being  given  out,  and  fulphat  of  mercury 
being  the  refult. 

If  a folution  of  either  of  the  fixed  alkalies  in 
a perfedUy  cauftic  ftate,  is  boiled  almoft  to 
drynefs  upon  pulverized  cinnabar,  an  extremely 
naufeous  odour  is  difengaged,  the  alkali  becomes 
more  or  lefs  charged  with  fulphur,:and  globuie-s 
of  running  mercury  are  produced. 

The  component  ingredients  of  fublimed  cin- 
nabar are  mercury  and  fulphur,  in  the  conftant 
proportion,  according  to  Prouft,*  of  85  of  the 
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former  to  ribout  14.5  of  the  latter.  This  refult 
was  obtaineu  by  decompofing  cinnabar  by  means 
of  reguline  antimony,  a method  in  fome  refpe£ls 
preferable  to  the  more  ufual  one  by  iron  filings, 
efpecially  on  account  of  the  ready  fufibility  of 
the  fulphuret  of  antimony. 

Some  attempts  have  been  made  to  prepare 
cinnabar  by  fubllituting  the  oxyds  and  even  the 
falts  of  mercury  to  the  fimple  metal,  but  for 
the  moft  part  with  no  improvement  in  the 
colour  of  the  cinnabar,  and  at  the  imminent 
hazard  of  occafioning  a violent  explofion. 
Bayen  was  the  firft  chemift  who  obferved  the 
fulminating  property  of  the  oxyds  of  mercury 
when  heated  with  fulphur,  and  thefe  mixtures 
have  hence  received  the  name  of  Bayen’s  fulmi- 
nating mercury.  The  moft  powerful  of  thefe 
mixtures  is  thus  prepared  to  a folution  of 
nitrat  of  mercury  add  limeM'^ater,  as  long  as  any 
precipitate  falls  down,  decant  the  clear  liquor 
and  wafh  the  pulverulent  oxyd  with  repeated 
portions  of  water,  after  which  dry  it  on  a 
water  bath,  and  then  grind  it  carefully  in  a mor- 
tar, with  of  its  weight  of  flowers  of  fulphur. 
This  powder  when  laid  on  a hot  iron  explodes 
with  confiderable  force,  no  doubt  in  confequence 
of  the  fudden  deoxydation  of  the  mercury  and 
the  rapid  combuflion  of  part  of  the  fulphur: 
for  if  it  is  performed  in  a clofe  veflTel  to  prevent 
the  diflipation  of  the  powder,  the  refult  of  its 
. decompofition  will  be  a reddifli  violet  coloured 
fulphuret,  fimilar  to  that  procured  in  the  ufual 
manner.  Corrofive  muriat  of  mercury  rubbed 
tip  with  the  fulphur  produces  in  like  manner  a 
violently  explofive  compound,  while  on  the 
other  hand  calomel  and  fulphur  afford  by  dry 
dillillation  cinnabar  and  corrofive  muriat  with- 
out any  explofion ; the  reafon  of  which  is  that 
the  calomel  divides  itfeif  into  two  portions,  of 
which  one  is  converted  into  cinnabar  by  com- 
bining with  the  fulphur  and  letting  go  its  oxy- 
gen and  muriatic  acid,  which  being  abforbed  by 
the  other  portion  of  calomel,  convert  it  into 
corrofive  fubllmate. 

Sometimes  cinnabar  is  prepared  in  the  labo- 
ratory, though  not  in  the  large  way,  from  cor- 
rofive fublimate  and  fulphuret  of  antimony,  by 
dittilling  them  together  in  the  proportion  of 
three  of  the  former  to  one  of  the  latter : in  this 
cafe  a double  decompofition  takes  place  ; the 
oxygen  and  muriatic  acid  of  the  mercurial  fait 
combine  with  the  antimony,  while  the  fulphur 
of  this  laft  unites  with  the  mercury : hence 
during  the  procefs  the  produdfs  appear  in  the 
following  order  ; firft,  the  corrofive  muriat,  or 


butter,  of  antimony,  paffes  Into  the  receiver, 
then  fome  undecompofed  corrofive  fublimate 
makes  its  appearance,  and  laftly,  at  a red  heat, 
the  cinnabar  rifes  and  attaches  itfeif  to  the  neck 
of  the  retort. 

The  a£Hon  of  mercury  and  its  oxyds  In  the 
moill  way  upon  the  alkaline  fulphurets,  hydro- 
fulphurets,  and  hydroguretted  fulphurets,  is 
very  ftriking,  and  has  received  much  attention 
from  various  chemifts,  though  from  the  natural 
intricacy  of  the  Inquiry  many  difficulties  yet 
remain  to  be  cleared  up. 

It  was  an  oblervation  by  Schultz,^  in  the 
German  Ephemerides,  that  firft  of  all  v'^e  be- 
lieve attrafted  the  attention  of  chemifts  to  this 
fubje£l.  He  obferves  that  if  36  grains  of  mer- 
cury be  put  into  an  ounce  vial,  with  half  an  ounce 
of  Boyle’s  fuming  liquor,  for  a few  days,  and  is 
frequently  fhaken  during  the  interval  and  occa- 
fionally  expofed  to  a gentle  heat,  the  mercury 
will  become  at  firft;  black,  and  after  a while  will 
be  wholly  changed  into  cinnabar;  when  this 
has  taken  place,  the  fupernatant  liquor  will  be 
found  to  have  loft  its  odour  and  colour,  and 
will  be  covered  with  a faline  pellicle.  Hoffman 
and-Wiegleb  verified  this  obfervation  and  fup- 
ported  it  by  fome'  new  experiments,  to  which 
Beaume  foon  after  made  fome  very  valuable 
additions.  He  put  into  a vial  fome  mercury 
wdth  twice  Its  w'eight  of  volatile  liver  of  fulphur ; 
upon  agitating  the  mixture  the  mercury  was 
immediately  converted  into  a black  powder, 
which  three  days  after  was  found  to  have  affumed 
the  appearance  of  cinnabar,  and  cryftallized  in 
thick  and  very  fliort  prifms.  2.  Sulphat  of 
mercury  being  mixed  with  volatile  liver  of  ful- 
phur, a confiderable  heat  and  ebullition  was 
produced,  and  the  mercury  became  black  ; three 
days  after,  the  fupernatant  liquor  now  colourlefs 
was  poured  oft',  and  a frefli  portion  of  liquid 
fulphuret  was  added,  in  the  fpace  of  two  days 
more  the  precipitate  was  changed  into  cinnabar. 
3.  To  a folution  of  nitrated  mercury  volatile 
liver  of  fulphur  was  added  as  in  the  former 
cafes,  a confiderable  heat  was  produced  and  a 
copious  black  precipitate  fell  dovm,  which  in  the 
fpace  of  a week  had  acquired  a brick  colour ; 
the  clear  liquor  was  then  poured  off,  and  re- 
placed by  a freftr  quantity  of  ammoniacal  fulphu- 
ret, by  which  In  the  fpace  of  a few  hours  the 
colour  of  the  precipitate  was  raifed  to  a bright 
fcarlet,  fully  equal  to  that  of  the  beft  fublimed 
cinnabar.  4.  A mercurial  ethiops  w^as  made 
in  the  ufual  way  by  melting  together  four  parts 
of  mercury  and  one  of  fulphur,  this  was  pul- 
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verlzed  and  put  in  a vial  with  volatile  liv'er 
of  fulphur,  by  which  in  the  fpace  of  half 
an  hour  it  was  converted  into  fine  cinnabar. 
Similar  eifedts  to  the  above  were  obferved  to 
take  place  when  a fixed  alkaline  liver  of  ful- 
phur was  made  ufe  of,  only  the  change  of  colour 
from  a black  to  red  was  confiderably  fiower, 
and  the  colour  itfelf  was  lefs  pure  and  brilliant. 
The  lall  improvement  in  the  preparation  of 
cinnabar  in  the  moift  way,  was  made  by  M. 
KirchofF,  of  Peterfburgh,  and  Count  Mouffin 
Poufehin.*  Three  hundred  grains  of  mercury 
and  68  grains  of  fulphur,  are  to  be  triturated  in 
a porcelain  cup  with  a glafs  peftle,  a few  drops 
of  cauftic  potalli  being  added  to  expedite  and 
perfect  the  combination  of  the  two  ingredients  : 
w'hen  a perfedt  ethiops  is  thus  formed,  there  is 
to  be  added  i6o  grains  of  potaflr  diflblved  in  an 
equal  quantity  of  water,  and  the  cup  with  its 
contents  is  to  be  heated  over  a lamp,  care  being 
taken  to  continue  without  interruption  the  tritu- 
ration with  the  glafs  peftle.  In  proportion  as  the 
liquid  evaporates  frefli  water  muft  be  added  fo 
that  the  ethiops  may  be  conftantly  covered 
nearly  to  the  depth  of  an  inch.  In  the  fpace 
of  about  two  hours  the  colour  begins  to  change 
from  black  to  brown,  and  then  no  more  water 
is  to  be  added,  but  the  trituration  is  to  be  conti- 
nued as  before.  As  foon  as  the  mafs  acquires 
a gelatinous  confiftence  the  colour  becomes 
more  red  and  brighter  with  great  rapidity  : this 
is  the  moft  critical  point  of  the  whole  procefs  ; 
for  if  the  heat  is  not  continued  a fufficient  length 
of  time  the  utmoft  perfedlion  of  colour  is  not 
attained,  and  if  it  is  perfifted  in  only  two  fe- 
conds  too  long,  the  tint  is  degraded  to  a dirty 
brown,  incapable  of  being  amended. 

Thus  far  the  preparation  in  the  moift  way  of 
tills  beautiful  colouring  fubftance  was  carried 
by  M.  KirchofF,  to  which  the  following  important 
additions  were  made  by  Count  MouflinPoufehin. 
I'irft,  the  cup  with  its  contents  fliould  be  re- 
moved from  the  lamp  or  fand  bath  before  the 
cinnabar  has  acquired  its  full  degree  of  red- 
nefs,  and  kept  for  three  or  four  days  at  a tem- 
perature of  ioo°  Fahr.  ftirring  it  up  and  adding 
a little  water  from  time  to  time  ; at  the  expi- 
ration of  this  period  the  mafs  being  allowed  to 
become  nearly  dry,  will  be  found  to  have  ac- 
quired all  the  vividnefs  which  the  fuccefsful 
accomplifhment  of  Mr.  Kirckhoff’s  procefs 
could  have  produced  without  the  rifk  of  de- 
ftroying  it  by  too  long  continuance  of  the  heat. 
In  order  to  feparate  the  alkaline  fulphuret  from 
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the  cinnabar,  it  muft  be  mixed  with  boiling 
water  in  the  proportion  of  about  a quart  of  the 
latter  to  an  ounce  of  the  former : alter  llirring 
the  whole  up  for  a few  fcconds  the  water  will 
become  quite  black,  and  is  to  be  poured  oft 
as  foon  as  the  cinnabar  has  fubfided : the  edul- 
ccration  is  to  be  complcated  with  freflr  parcels 
of  hot  water,  till  all  the  hepatic  tafte  and  odour 
is  entirely  waftied  away,  and  now  the  cinnabar 
will  be  very  beautiful,  diftering  from  the  com- 
mon fublimed  by  a flight  tint  of  yellow.  A 
farther  improvement  in  the  cinnabar  may  now 
be  brought  about  by  the  procefs  of  wafl'.ing 
over : for  this  purpofe  let  two  or  three  ounces 
be  put  into  a glafs  jar  with  fome  cold  water, 
and  mix  the  whole  accurately  by  ftirring,  then, 
after  an  interval  of  a few  feconds  to  allow  the 
heavier  particles  to  fubfide,  pour  the  turbid 
water  into  a dilh,  and  drain  it  oft'  again  as  foon 
as  it  has  become  clear.  The  cinnabar  thus  fepa- 
rated  will  be  found  to  be  very  brilliant,  and 
approaching  to  carmine : the  refidue  may  be 
treated  twice  more  fuccelFivcly  in  the  fame  man- 
ner, and  two  more  parcels  of  cinnabar  inferior 
to  the  firft,  but  ftill  very  good  may  be  obtained, 
the  refidue  is  a brown  fulpluiret  of  mercury  of 
no  value  as  a pigment.  To  give  the  cinnabar 
the  higiieft  degree  of  beauty  it  is  now  to  be 
dried  flowly,  and  then  is  to  be  laid  in  fmall 
quantities  at  a time  on  a plate  of  glafs  or  glazed 
earthenware,  pretty  ftrongly  heated  ; the  colour 
in  an  inftant  becomes  brown,  and  then  a very 
dark  violet  grey  ; it  is  now  to  be  thrown  upon  a 
cold  plate,  where  it  pafl'cs  in  an  inftant  to  a 
brilliant  carmine  red. 

Concerning  the  nature  of  the  chemical  action 
that  takes  place  in  the  preparation  of  mercury 
by  the  moift  way,  there  has  been  much  con- 
troverfy,  nor  is  the  fubject  even  yet.  entirely 
free  from  difficulties.  From  the  experiments 
however  of  Prouft,  Bertliollet,  and  other  che- 
mifts,  it  appears  ift,  tliat  the  pure  and  recently 
prepared  alkaline  hydrofulphurets  have  no  a6lion 
on  metallic  mercury ; but  that  when  by  expo- 
fure  to  the  air  thefe  hydrofulphurets  become 
coloured  and  converted  into  hydroguretted,  or 
more  properly  into  hydrofulphuretted  fulphurets, 
the  mercury  decompofes  them  by  uniting  with 
the  fulphur,  and  thus  reducing  them  again  to 
the  ftate  of  Ample  hydrofulphurets  ; the  mercury 
is  by  the  fame  procefs  changed  into  the. black 
fulphuret,  and  is  fparingly  foluble  in  the  fuper- 
natant  hydrofulphuret.  As  foon  however  as 
the  black  fulphuret  is  changed  to  cinnabar  it 
4to.  II.  p,  I. 
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ccafes  to  be  foluble  in  an  alkaline  b^drofulpbu- 
ret,  v/hence  the  lupernaiant  liquor  at  the  con- 
ciuficn  of  this  procefs  ccnfrlls  merely  of  the 
alkali  combined  with  a variable  proportion  of 
fulphuretted  hydrogen,  as  is  manifeft  from  its 
giving  out  fulphuretted  hydrogen,  but  no  ful- 
phur,  by  the  a£Hon  of  acids. 

■2.  If  inftead  of  an  alkaline  hydrofulphuret, 
a liquid  alkaline  fulphuret,  holding  as  little  as 
poffible  of  hydrofulphuret  be  employed,  the 
a6Hon  of  the  mercury  is  immediate,  the  whole 
of  the  fulphur  combines  with  the  metal,  and 
the  ethiops  thus  produced  is  partly  taken  up  by 
the  alkali,  but  is  depofited  again  as  foon  as  the 
ethiops  is  converted  into  cinnabar,  fo  that  the 
clear  and  colourlefs  fupernatant  fluid  contains 
now  only  alkali  with  the  cafual  quantity  of  ful- 
phuretted hydrogen  originally  contained  in  it, 
and  which  appears  to  have  been  entirely  inert 
during  the  whole  procefs. 

3.  If  to  a pure  alkaline  hydrofulphuret  there 
be  added  fome  red  oxyd  of  mercury,  the  liquor 
becomes  hot,  acquires  a yellow  colour,  and  if 
the  proper  quantity  of  rrietallic  oxyd  has  been 
ufed,  both  the  hydrofulphuret  and  metallic  oxyd 
v.dll  be  entirely  decompofed  ; the  oxygen  of  the 
one  and  the  hydrogen  of  the  other  by  their 
combination  will  produce  water,  tlie  mercury 

,,will  faturate  itfelf  with  fulphur  and  become 
ethiops,  and  the  fupernatant  liquor  is  a pure 
alkaline  fulphuret  from  which  the  acids  are 
capable  of  precipitating  the  fulphur,  but  of  not 
feparating  a Angle  atom  of  fulphuretted  hydro- 
geu. 

4.  If  a folution  of  common  alkaline  hepar  or 
hydrofulphuretted  fulphuret,  be  firft  brought 
to  the  ftatc  of  Ample  fulphuret  by  the  addition 
of  a little  red  oxyd  of  mercury,  and  there  be 
afterwards  added  a freflr  portion  of  oxyd,  a 
great  increafe  of  temperature  is  obferved,  part 
of  the  fulphur  is  converted  into  fulphureoils 
acid  by  a portion  of  the  oxygen,  while  the  re- 
mainder of  the  oxygen  quits  the  metal  and  af- 
fumes  the  gafeous  ftate,  cauAng  an  eflervefccnce 
during  its  difengagement : when  this  has  taken 
place  the  fupernatant  liquor  contains  the  alkali 
of  the  hepar  with  a little  fulphureous  acid,  and 
often  a fmall  quantity  of  red  oxyd  if  an  excefs 
of  this  fubftance  has  been  made  ufe  of. 

The  deduction  from  thefc  experiments  is, 
that  neither  oxygen  nor  fulphuretted  hydrogen 
enter  into  the  compoAtion  of  ethiops  or  cinna- 
bar •,  and  it  is  higlily  probable  that  the  only 
JifFcrence  between  them  conAfts  in  the  propor- 
tion of  fulphur. 

Plud'phorus  may  be  made  to  combine  with 


mercury*’  by  diftilling  together  equal  parts  of  red 
oxyd  of  mercury  and  phofphorus,  together  with 
a little  water  : during  the  procefs  the  -red  oxyd 
becomes  black  and  unites  to  the  phofphorus, 
and  phofphoric  acid  is  produced.  This  combi- 
nation may  be  m.ore  eafily  effedled  according 
to  Dr.  Thomfon,  by  uAng  the  grey  oxyd  of 
mercury.  Phofphorus  and  mercury  in  the  me- 
tallic Hate  cannot  be  made  to  combine,  except 
the  latter  is  in  a ftate  of  extreme  diviAon.  Phof- 
phuret  of  mercury  is  a fubftance  of  a moderately 
folid  conAftence,  a black  colour,  and  may  be  cut 
with  a knife  ; w'hen  expofed  to  dry  air  it  exhales 
white  vapours  of  phofphorus.  It  is  decompofed 
by  diftillation,  the  phofphorus  Arft  comes  over 
and  then  the  mercury,  each  fubftance  being 
found  in  the  receiver  perfedtly  feparate. 

Mercury  is  capable  of  uniting  with  many  of 
the  other  metals,  and  thefe  combinations  have 
obtained  the  name  of  Amalgams.  They  have 
received  confiderable  attention  from  various 
chemifts,  though  by  no  means  fo  much  as  their 
chemical  importance  deferves.  Before  we  pro- 
ceed to  notice  the  particular  amalgams  we  fhall 
mention  a few  general  obfervations  that  are 
applicable  to  all  of  them. 

Firft  with  regard  to  the  preparation  of  amal- 
gams. It  may  be  remarked  that  the  care  ne- 
cefiary  in  their  preparation  depends  conAderably 
on  the  degree  of  afhnity  fubflfting  between  the 
mercury  and  the  other  metal.  Where  the 
afhnity  is  very  powerful,  as  is  the  cafe  with 
gold  and  filver,  the  fluidity  of  the  mercury 
without  any  other  condition  will  effeeft  a com- 
bination even  at  the  common  temperature. 
Other  metals  of  ftronger  coheflon  or  weaker  afh- 
nity  require  the  afhftance  of  heat  to  make  them 
amalgamate-,  while  thofe  metals  that  are  in- 
fuAble,  except  at  a temperature  equal  to  the 
rapid  volatilization  of  mercury,  as  copper,  re- 
quire peculiar  precautions  to  bring  abouta  combi- 
nation. Amalgams  may  be  made  either  folid  or 
fluid,  according  to  the  proportion  of  mercury  that 
enters  into  this  compoAtion;  the  quantity  how- 
ever of  this  laft  that  is  required  to  give  the  amal- 
gam a fluid  ftate,  is  different  for  each  metal. 

2.  All  the  appearances  that  happen  during  the 
compoAtion  of  metals  wdth  mercury  indicate  a 
real  folution  of  one  in  the  other,  owing  to  the 
chemical  attra£lion  between  the  bodies  fo  uni- 
ting. Hence  during  amalgamation  as  is  the 
cafe  in  all  other  inftances  of  folution,  a very 
obfcrvable  change  of  temperature  takes  place. 
Another  remarkable  phenomenon  is  the  tenden- 
cy to  oxydation  which  both  metals  exhibit 
during  tlieir  combination.  Thus  if  bifmuth. 
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tin,  or  lead,  are, amalgamated  with  mercury, 
a quantity  of  black  powder  is  formed  as  the 
procefs  advances,  which  is  a compound  oxyd  of 
mercury  and  the  other  metal. 

The  fpecific  gravity  of  amalgams  as  of  all 
other  alloys,  is  different  from  the  mean  fpecific 
gravity  of  their  component  parts. 

The  more  decidedly  cryftalline  form  of  amal- 
gams is  a circumflance  that  remarkably  diltin- 
guifties  them  from  other  alloys.  All  amalgams 
are  brittle,  and  any  of  them  when  broken  exhibits 
a granular  or  laminated  texture  which  by  the  mi- 
crofcope  -will  be  found  to  be  owing  to  a multi- 
tude of  minute  cryflals  applied  by  their  furfaces 
to  each  other,  but  not  adhering  with  any  confi- 
derable  force.  Induced  by  thel'e  appearances  M. 
Sage  fucceeded  in  obtaining  regular  cryftals  of 
moft  of  the  amalgams  by  the  following  method. 
Having  prepared  a very  fluid  amalgam  by  adding 
from  four  to  fix  times  as  much  mercury  as  of 
the  other  ingredient,  he  put  it  into  a retort, 
and  by  a gentle  fand-bath  heat  diftilled  over  a 
fourth  or  even  a third  of  the  mercury,  the 
refidue  being  then  allowed  to  cool  gradually, 
was  found  regularly  cryftallized  at  the  bottom 
of  the  veffel. 

Amalgams  may  be  decompofed  by  heat;  but 
the  laft  portions  of  mercury  are  not  driven  off 
without  a much  higher  degree  of  heat  than  is 
required  for  the  volatilization  of  pure  mercury. 
Hence  a large  proportion  of  the  volatile  metals 
and  a fmaller  even  of  thofe  which  are  confidered 
as  very  fixed,  unites  with  the  mercury  and  is 
carried  over  by  it. 

As  each  metal  has  its  peculiar  affinity  for 
mercury,  it  is  obvious  that  an  amalgam  may  be 
decompofed  by  the  addition  of  a metal  that  has 
a flronger  attraftion  for  mercury  than  that  of 
which  the  amalgam  is  compofed:  upon  this 
fubje£l  however  no  very  accurate  experiments 
have  been  as  yet  made,  which  is  the  more  to 
he  regretted  as  it  would  affifl  the  invefligation 
of  the  interefling  and  important,  but  dilFicult 
fubje£l:  of  metallic  alloys. 

Gold- and  Mercury. 

The  ftrong  affinity  of  thefe  two  fubftances 
may  be  feen  by  dropping  a globule  of  mercury 
on  a plate  of  gold:  the  fphericity  of  the  globule 
will  almoft  immediately  be  loft,  and  the  mer- 
cury wherever  it  fpreads  covers  the  furface  of 
the  gold  with  a bright  filvery  ftain.  The 
amalgam  of  gold  may  be  prepared  by  grinding 
together  gold  leaf  and  mercury  in  a mortar 
with  a little  hot  water,  or  by  digefting  together 
mercury  and  gold  filings  or  clippings  in  a 
crucible  or  flafk,  till  the  combination  is  com- 
pleat.  Even  if  a bar  of  gold  of.  confiderable 


thicknefs  -be  immerfed  in  mercury  for  a few 
days  at  the  common  temperature,  it  will  not 
only  be  fuperficially  corroded,  but  will  be 
rendered  fo  brittle  as  to  break  with  a very 
moderate  force;  and  its  frafture  W'ill  exhibit 
minute  threads  of  mercury  that  have  infinuated 
themfelves  through  its  pores  and  thus  deftroycd 
its  du£lility.  Amalgam  of  gold  is  of  a yellow- 
ifh  white  colour  and  cryftallizes  in  tetrahedral 
prifms,  tvhen  compofed  of  fix  parts  of  mercui^ 
to  one  of  gold.  It  melts  at  a moderate  tem- 
perature and  at  a higher  the  mercury  flies  oft 
leaving  the  gold  behind.  If  a very  fluid  amal- 
gam confifting  of  i part'  of  gold  to  48  of 
mercury,  be  expofed  with  accefs  of  air  to  a 
moderate  heat  (as  in  the  preparation  of  precipi- 
tatenot  only  the  mercury,  but  even  the 
gold  will  be  oxydated.  At  a fomewhat  higher 
heat  both  oxyds  are  again  reduced  to  the 
metallic  ftate. 

Silver  and  Mercury. 

Silver  in  the  order  of  its  affinity  for  mercury' 
ftands  next  to  gold,  and  its  amalgam  may  be 
prepared  in  precifely  the  fame  way.  Its  colour 
is  filvery  white,  it  cryftallizes  in  oftohedrons: 
its  fpecific  gravity  is  remarkable,  being  greater 
even  than  that  of  mercury,  the  heavieft  of  its 
ingredients,  hence  it  finks  in  this  fluid  when  at 
the  common  temperature, as  w^as  firft  obferved  by 
Gellert.  That  moft  be^iutiful  preparation  the 
Arbor  Diana,  is  a cryftallized  amalgam  of 
filver,  for  a particular  account  of  which  we 
refer  the  reader  to  the  article  Silver. 

Tin  and  Mercury. — LEADand  Mercury. — 
Zinc  andMERcuRY. — Bismuth  and  Mercury. 

Thefe  amalgams  are  prepared  by  melting  the 
folid  metal  in  a crucible  and  adding  to  it  as 
foon  as  the  fufion  is  compleated  an  equal 
weight  of  mercury  previoufly  made  nearly  boiling 
hot  in  another  crucible,  and  then  keeping  the 
mixture  at  a temperature  fully  equal  to  preTerve 
its  fluidity  till  the  combination  is  compleat. 
All  thefe  amalgams  are  polTcfled  of  confiderable 
folidity;  their  colour  is  intermediate  between 
that  of  the  metals  of  which  they  are  compofed ; 
and  their  texture  is  granular.  If  equal  parts  of 
the  folid  amalgams  of  lead  and  bifmuth  are 
triturated  in  a mortar,  a combination  fpeedily 
takes  place,  and  the  refult  is  a ' compound 
amalgam  very  nearly  as  fluid  in  the  common 
temperature  as  pure  mercury : advantage  is 
taken  of  this  property  by  fraudulent  dealers  to 
adulterate  mercury  by  a mixture  of  thefe  two 
cheaper  metals,  and  when  the  mercury  amounts 
to  70  or  80  per  cent,  it  is  not  eafy  from  the 
mere  look  to  detecl  the  cheat.  If  the  mixture 
of  thefe  two  amalgams  be  mad*  in  the  palm  of 
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t!ie  hand  a fenfation  of  cold  is  experienced 
during  the  combination  nearly  equal  in  intenfity 
to  that  produced  by  the  evaporation  of  common 
fpirit  of  wine.  If  a ftick  of  tin  be  placed  in 
this  fluid  compound  amalgam  when  the  weather 
is  cool,  it  will  be  found  in  the  courfe  of  two  or 
three  days  to  be  confiderably  corroded  by  the 
mercury,  at  the  fame  time  cubic  cryftals  of 
amalgam  of  bifmuth,  apparently  with  a very 
fmall  proportion  of  mercury,  will  be  found 
adhering  to  the  tin.  A fimilar  effedl  will  be 
produced  if  equal  parts  of  the  amalgams  of  tin, 
lead,  and  bifmuth  are  mixed  together  at  the 
temperature  of  boiling  water,  and  the  compound 
be  then  expofed  for  a few  days  to  a very  flight 
froftj  cubic  cryftals  of  bifmuth  nearly  a quarter 
of  an  inch  long  will  be  found  floating  on  the 
furface. 

Antimony  and  Mercury. 

The  affinity  between  thefe  two  metals  is  but 
feeble,  and  the  heat  neceflary  for  the  fufion  of 
antimony  being  equal  to  that  at  which  mercury 
is  volatilized  they  cannot  be  conveniently  mixed 
by  fufion.  They  may  be  made  to  combine 
however  by  taking  fome  perfedlly  pure  regulus 
of  antimony,  reducing  it  to  a fine  powder,  and 
then  triturating  it  for  a confiderable  time  with 
mercury  and  boiling  water.  The  properties  of 
this  amalgam  have  not  been  examined. 

Copper  and  Mercury. 

Thefe  two  metals  for  the  fame  reafon  as  that 
alledged  in  the  former  paragraph,  cannot  be 
combined  by  fufion.  Filings  of  copper  and 
mercury  may  by  long  trituration  in  hot  water 
be  made  to  unite.  But  the  moft  effeflual 
method  of  preparing  this  amalgam  is  the  follow- 
ing. To  a hot  folution  of  fulphat  of  copper 
add  a little  muriatic  acid  and  a few  flicks  of 
zinc,  and  boil  the  mixture  for  about  a minute; 
by  this  means  the  copper  will  be  precipitated  in 
its  metallic  ftate,  and  in  a finely  divided  fpungy 
form;  take  out  the  pieces  of  zinc,  pour  off  the 
liquor  and  edulcorate  the  copper  thoroughly 
with  hot  water,  then  pour  on  it  a fmall  quan- 
tity of  dilute  nitrat  of  mercury,  by  which  every 
particle  of  copper  will  be  covered  in  an  inftant 
with  a coating  of  mercury;  now  add  running 
mercury  to  the  am.ount  of  two  or  three  times 
the  w’eight  of  the  copper,  and  a very  flight 
trituration  will  combine  them  fo  far  that  the 
completion  of  the  procefs  may  be  effedled  by 
hearing  the  mixture  for  a few  minutes  in  a 
crucible.  The  amalgam  of  copper  is  of  a 
reddilh  white  colour,  and  has  not  as  yet  been 
fxam.ined. 


Iron  and  Mercury. 

Iron  is  generally  confidered  as  Incapable  of 
uniting  with  mercury.  It  is  ftated  however  in 
Crell’s  Journal  that  Mr.  Vogel  has  fucceeded 
by  the  following  procefs.  Take  half  an  ounce 
of  iron  filings  and  one  ounce  of  alum  and  rub 
them  together  to  a very  fine  powder,  add  to 
this  from  an  ounce  to  an  ounce  and  a half 
of  mercury,  and  triturate  till  the  amalgam 
begins  to  bo  formed:  a little  water  is  now  to  be 
poured  in,  and  continued  agitation  had  recourfe 
to  for  an  hour:  the  alum  is  now  to  be  diflblved 
out  and  the  amalgam  of  iron  will  remain  behind. 

A com.pound  amalgam  of  iron  and  zinc  m.ay 
be  prepared  in  the  following  way.<^  Make  an 
amalgam  in  the  ufual  method  of  equal  parts  of 
zinc  and  mercury:  mix  this  with  half  its  weight 
of  clean  iron  filings,  and  rub  the  whole  accu- 
rately together  in  a mortar;  this  being  finifhed, 
pour  on  fome  muriat  of  iron  and  continue  the 
trituration  as  long  as  any  effervefcence  or  difen- 
gagement  of  hydrogen  gas  takes  place,  when  this 
ceafes  pour  off  the  fluid  and  add  more  muriat, 
repeating  the  procefs  till  the  laft  addition  of 
muriat  ceafes  to  caufe  any  effervefcence.  Tlie 
amalgam  wall  now  be  confiderably  ftiff,  and 
upon  breaking  it  the  particles  of  iron  will 
appear  imperfeclly  combined  with  the  mercury. 
Being  now  carefully  dried,  it  mull  be  prelfed 
into  an  earthen  crucible  and  covered  with  tallow 
to  prevent  its  oxydation,  and  a heat  being  ap- 
plied enough  to  volatilize  the  tallow,  the  amal- 
gam will  remain  behind  and  is  compleated. 
This  compound  amalgam  has  a filvery  w^hite 
colour,  an  uniformly  granular  texture,  in  hard- 
nefs  i»  nearly  equal  to  reguline  antimony,  and 
is  not  fubjebl  to  ruft  by  expofure  to  the  air. 
It  is  not  capable  of  affedting  the  magnetic 
needle.. 

A ^compound  amalgam  of  iron  and  tin  is 
readily  and  effe6lually  prepared  by  melting 
together  a few  iron  nails  with  about  four  times 
their  weight  of  grain  tin,  and  then  digefting 
this  alloy  for  a few  hours  in  boiling  mercury 
till  it  is  diflblved.  This  amalgam  is  of  a filvery 
white  colour,  has  a confiderable  toughnefs 
approaching  to  malleability,  and  attradls  the 
magnetic  needle. 

Brass  and  Mercury. 

This  amalgam  may  be  expeditioufly  and  com- 
pleatly  prepared  by  triturating  an  amalgam  of 
zinc  with  fulphat  or  muriat  of  copper  till  the 
liquor  becomes  colourlefs,  and  then  keeping  the 
mafs  in  fufion  for  a few  minutes  to  compleat 
the  combination.*^ 


' Ann.  de  Chem.  p.  39.  < Orig.  £xper. 
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The  ufes  of  mercury  and  its  preparations  are 
numerous  and  important.  Its  chief  confump- 
tion  is  in  the  feparation  of  gold  and  filver  from 
their  ores:  it  is  alfo  largely  employed  by  the 
gilders.  It  is  of  ineftimable  advantage  to  ex- 
perimental philofophy  as  affording  a fluid  the 
moft  ufeful  of  all  others  for  thermometers  and 
barometers,  and  is  of  great  lervice  to  modern 
chemiftry  for  confining  thofe  gaffes  that  are 
abforbed  by  water.  The  arts  are  indebted  to 
mercury  for  the  filvering  as  it  is  called  of 
mirrors,  the  gilding  of  buttons  and  other  ar- 
ticles, and  for  that  beautiful  pigment  cinnabar. 
The  falts  of  mercury  are  of  important  ufe  in 
the  laboratory;  and  medicine  is  indebted  to  this 
metal  in  almoll  all  its  combinations  for  fome  of 
its  moft  powerful  and  beneficial  inftruments. 

MERCURY  FULMINATING  {Howard's). 
This  fingular  preparation  was  difeovered  by  E. 
Howard,  Efq.  F.R.S.  in  a feries  of  experiments 
on  the  action  of  alcohol  on  nitric  acid.  ^ 

The  mode  of  preparing  it  is  the  following. 
Diffolve  loo  grains  of  mercury  in  an  ounce  and 
a half  (by  meafure)  of  common  nitric  acid  of 
the  fliops,  which  is  of  the  fpecific  gravity  of 
about  1.3,  affifting  the  folution  by  heat.  When 
cold  pour  the  folution  upon  2 ounces  (by  mea- 
fure) of  ftrong  alcohol,  and  apply  a moderate 
heat  till  the  mixture  begins  to  effervefee.  A 
white  fume  then  begins  to  undulate  on  the  fur- 
face  of  the  liquor,  during  wLich  a white  powder 
precipitates  which  is  the  fulminating  mercury. 
This  pow'der  is  to  be  immediately  wafhed  with 
cold  water,  and  dried  at  a heat  not  much  ex- 
ceeding that  of  boiling  water. 

In  making  this  powder  the  precife  ftrength 
of  the  alcohol  and  of  the  acid  are  not  of  great 
importance.  The  quantity  produced  varies  ex- 
tremely, but  is  on  an  average  about  125  grs. 
from  1 00  of  mercury.  The  colour  is  in  general 
white.  The  temperature  required  for  mixing 
the  nitrous  folution  and  the  alcohol,  fhould  be 
about  80°  or  90°. 

This  powder  is  remarkable  for  the  extreme 
force  of  detonation  which  it  poffefles  when  ex- 
ploded by  various  methods.  Thefe  are  either 
concuffion,  for  when  a grain  or  two  ^and  no 
more  fhould  be  ufed  for  experiment)  is  laid  on 
an  anvil  and  ftruck  fmartly  with  a hammer,  it 
detonates  with  a flunning  report,  leaving  the 
iron  much  indented  ; or  heat,  the  proper  degree 
of  which  the  difeoverer  finds  to  be  about  368° 
of  the  thermometer ; or  the  eledlric  fpark ; or  the 
flint  and  fteel  in  the  method  of  common  gunpow- 
der; or  the  rontodl  of  ftrong  fulphuric  acid.  It  is 


equally  inflammable  in  vacuo,  as  in  air.  FuN 
minating  mercury  differs  from  gunpowder  pe- 
culiarly in  this  circumftance,  that  the  force  of 
explofion  of  the  mercurial  pAwder  is  almoft  im- 
menfe  and  far  exceeding  that  of  gunpowder  fo 
as  to  fplit  into  pieces  and  utterly  to  rend  any 
fubftance  by  which  it  is  confined ; but  on  the 
other  hand  the  projedfile  force  is  very  feeble  and 
far  fliort  of  that  of  gunpowder.  So  that  when 
the  fulminating  mercury  was  attempted  to  be 
ufed  in  fire  arms,  a very  fmall  portion  of  it  burft; 
ftrong  pieces  of  ordnance,  but  where  the  piece 
flood  the  explofion,  the  bail  was  expelled  with 
ofily  a trifling  force. 

The  compofition  of  this  powder  is  fomewhat 
complex,  and  the  analyfis  rather  obfeure.  Mr. 
Howard  examined  it  chiefly  in  the  following  man- 
ner. Sulphuric  acid,  diluted  with  as  much  water, 
when  digefted  on  the  powder  with  gentle  heat, 
difengaged  a quantity  of  gas  amounting  to  from 
28  to  31  cubic  inches  from  50  grains  of  the 
powder.  Of  this  gas  the  greater  part  was  car- 
bonic acid,  but  after  this  had  been  abforbed  by 
ammonia  there  remained  about  5 to  7 inches  of 
a gas  refembling  in  every  refpedb  the  nitrous 
etherized  gas  after  fimilar  expofure  to  dilute  ful- 
puric  acid.  This  peculiar  gas  is  highly  inflam- 
mable, and  enlarges  the  flame  of  a taper  like  the 
gaffeous  nitrous  oxyd,  and  refembles  the  latter 
in  other  properties,  but  differs  from  it  in  being 
permanent  over  water  and  in  refufing  to  deto- 
nate with  hydrogen.  The  refidue  of  ico  grains 
of  the  fulminating  mercury  after  treatment  with 
fulphuric  acid  was  an  infoluble  powder  weigh- 
ing 84  grains,  and  was  found  to  confift  of  oxalat 
of  mercury  with  a few  globules  of  mercury  in 
the  metallic  ftate.  It  was  proved  to  he  oxalat  of 
mercury  by  digefting  it  with  nitrat  of  lime, 
whereby  (by  a double  decompofition)  nitrat  of 
mercury  and  oxalat  of  lime  was  produced.  The 
fulphuric  liquor  after  feparation  of  the  infoluble 
powder  was  then  faturated  with  carbonat  of 
potafh,  and  3.4  grains  of  carbonat  of  mercury 
were  colledfed. 

From  the  refult  of  many  experiments,  Mr.  H, 
concludes  that  100  grains  of  the  fulminating 
powder  confift,  nearly,  of  21.28  of  oxalic  acid, 
64.72  of  mercury,  and  the  remaining  14  parts 
neceffary  to  compleat  the  100,  are  to  be  allov/ed 
for  the  nitrous  etherized  gas  and  an  excefs  of 
oxygen  with  wliich  the  mercury  appears  to  be 
united.  But  it  muft  be  obferved  that  the  exa£t 
compofition  of  this  fingular  powder  ftill  requires 
much  elucidation.  The  carbonic  acid  which 
forms  fo  large  a portion  of  the  gas  expelled  by 
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i'uiplmrlc  acid  is  probably  to  be  attributed  to 
the  decompofiiig  adliion  of  this  acid  on  part  of 
the  oxalic  acid,  whence  arifes  another  fource  of 
difficulty  in  obtaining  an  exa£t  analyfis. 

As  the  original  materials  of  which  the  ful- 
minating mercury  are  compofed  ai’e  nitric  acid, 
alcohol,  and  mercury,  the  oxalic  acid  muft  be 
formed  during  the  procefs  by  the  adlion  of  the 
acid  on  the  alcohol,  (a  faff  which  has  been 
frequently  obferved  in  experiments  on  nitrous 
ether)  and  fo  completely  is  the  acid  decompofed 
that  no  trace  of  it  appears  (as  acid j in  the  pow- 
der when  compleat. 

The  quantity  of  mercury  aftually  obtained 
from  loo  grains  of  the  powder  by  no  means 
equals  the  quantity  employed  in  the  procefs,  for 
loo  grains  of  mercury  produce  at  leaft  i2o  of 
fulminating  powder,  whence  if  the  whole  of  the 
mercury  went  to  the  compofition  of  the  powder, 
loo  grains  of  this  latter  ought  to  contain  78 
grains  of  mercury,  but  only  about  64  are  aflu- 
ally  obtained.  This  deficit  of  14  grains  from 
78,  Mr.  H.  fuppofes  to  be  volatilized  in  the 
denfe  white  fume  which  arifes  during  the  mu- 
tual affion  of  the  alcohol  and  nitric  acid,  and 
which  when  condenfed  in  bottles  filled  with  a 
folution  of  muriated  ammonia  was  found  to  give 
a mercurial  precipitate  with  ammonia,  precifely 
fimilar  to  that  produced  by  ammonia  and  cor- 
rofive  muriat  of  mercury. 

Mr.  Burkitt  has  the  following  ufeful  praffical 
remarks  on  the  preparation  of  this  powder.  ’’ 
Three  ounces  of  mercury  w'ere  diflblved  in  1 1 
lb.  of  nitrous  acid.  The  folution  was  poured 
into  a large  retort,  into  which  had  been  pre- 
vioufly  put  ji  lb.  of  alcohol  warmed  to  8o*.  In 
three  minutes  the  ufual  eftervcfcence  took  place 
and  the  gas  was  conveyed  into  a large  globe  re- 
ceiver in  contadf  with  water.  In  about  twenty 
minutes  the  procefs  v/as  compleat,  without  the 
alfillance  of  artificial  heat,  and  the  fulminating 
powder  precipitated,  which  when  wafhed  and 
dried  weighed  3 ounces  and  i dram.  The 
water  in  contadt  with  the  gas  was  covered  with 
4 ounces  of  nitric  ether  which  floated  on  it. 

It  is  a very  remarkable  and  quite  unaccount- 
able circumftance  obferved  by  Mr.  Cruikfiiank, 
that  the  mercurial  powder  when  exploding  will 
rot  fire  gunpowder ; for  on  fpreading  fome  of 
the  former  on  paper,  and  flraking  fome  gun- 
powder over  it,  and  firing  the  mercurial  powder, 
the  grains  of  gunpowder  were  colledfcd  entire 
after  the  cxplofion. 


MERCURY  Fulminating  ( of  Bayen.)  See 
Mercury. 

MERGER.  See  Marl. 

MEPHITIS  is  a general  term  for  foul  or  un- 
refpirable  air  of  w'hatever  kind  it  be,  and  ufually 
is  applied  either  to  azotic  or  carbonic  acid  galTes. 

MESOTYPE.  See  Zeolite. 

METAL.  It  is  wmrthy  of  i^!hark  that  tke 
definitions  of  chemical  bodies,  in  proportion  as 
that  fcience  has  advanced,  have  been  drawn  leA 
from  their  fenfible  qualities  and  more  from  their 
chemical  ones,  from  wLich  if  fome  advantage* 
have  been  derived  yet  confiderable  difadvantages 
have  alfo  hence  arifen.  Thus  if  a metal  be  defined, 
a comhuf  iblt  or  oxydable  fubfance  capable  ’when  in 
the  fate  of  oxyd  of  uniting  with  acids  and  forming 
with  them  compound  faltSy  we  fliall  be  in  pof- 
feffion  of  a charadler  applicable  to  all  metals 
and  to  no  other  clafs  of  bodies,  and  yet  fhall 
not  have  mentioned  one  of  thofe  pi'opertics 
which  doubtlefs  firfl  led  to  the  difeovery  of 
metals,  and  in  wdiich  their  principal  value  as 
fuch  muft  always  confift. 

The  only  metals  known  to  the  ancients  were 
gold,  filver,  copper,  iron,  tin,  lead  and  mercury; 
and  all  thefe  wdth  the  exception  of  the  lall, 
being  malleable,  dudfile,  fufible  and  capable  of 
being  poliftied,  their  ufe  moreover  chiefly  de- 
pending on  thefe  properties,  the  qualities  of 
malleability,  dudlility,  fufibility  and  of  receiving 
a poliflh  were  confidered  as  efl'ential  to  and  cha- 
radleriftic  of  metallic  fubftances.  At  length  the 
lift  of  ancient  m.etals  was  augmented  by  the  ad- 
dition of  three  new  ones,  antimony,  bifmuth 
and  zinc,  but  thefe,  though  agreeing  in  other 
refpedds  wdth  the  former,  being  more  or  lefs 
brittle,  dt  was  found  expedient  to  fubdivide  this 
clafs  of  natural  fubftances  into  the  malleable  or 
proper  metals,  and  the  brittle  or  femi-mctals. 
Much  about  the  fame  time  arofe  the  chemical 
diftinoHon  of  metals  unalterable  by  expofure  to 
the  air  at  a fufing  heat,  and  thofe  which  in  the 
fame  circumftances  wrere  liable  to  be  calcined. 
The  former  of  thefe  were  called  perfedl  or  noble 
metals,  and  the  latter  imperfedf  or  bafe  metals ; 
of  the  bafe  metals  fome  w-ere  afterwards  found 
to  be  acidifiable,  w'hence  arofe  another  ground 
of  diftindUon. 

The  number  of  metals  at  prefent  known, 
amounts  to  27,  which  may  be  tabularly  arranged 
as  follows. 
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We  {hall  now  proceed  to  notice  briefly  the 
generic  characters  of  metallic  fubftances. 

One  of  the  moft  remarkable  is  the  peculiar 
luffre  which  their  fmooth  or  poliflied  furfaces 
exhibit,  and  which  from  its  being  eminently 
charafteriftic  of  thefe  fubftances  has  been  called 
the  metallic  luftre  : feme  other  minerals  indeed, 
as  mica,  Labrador  felfpar,  &c.  poflefs  this  luftre 
in  a ftriking  degree,  but  in  all  thefe  it  is  always 
attended  by  a greater  or  lefs  variablenefs  of 
colour  which  never  takes  place  in  the  pure 
metals,  although  it  is  very  ftriking  in  many  of 
their  ores. 

The  next  remarkable  property  of  metals  is 
their  opacity,  which  though  very  confiderable 
is  by  no  means  abfolute,  as  fome  chemifts  have 
inadvertently  afhrmed.  A piece  of  common- 
leaf  gold  if  held  between  the  eye  and  a lumi- 
nous object,  will  be  found  to  tranfmic  a green 
light ; filver  in  the  fame  circumftances  affords 
a white  light,  and  it  is  extremely  probable  that 
all  the  other  metals  if  attenuated  in  the  fame 
degree  would  alfo  be  tranfparent. 

In  fpecific  gravity  the  metals  exceed  all  other 
known  fubftances  j the  native  fulphat  of  barytes, 
the  heavieft  of  earthy  minerals,  being  lefs  than 
times  as  heavy  as  water,  whereas  the  fpecific 
gravity  of  tellurium,  the  lighteft  of  the  metals 
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malleable 


Arfenic 
' Molybdena 
Tungften 
Chrome 
.Columbium 
'Ofmium 
\ Uranium 
pTantalium 
Titanium 
Tellurium 
Manganefe 
Cobalt 
Antimony 
Bifmuth 
fZinc 
Lead 
Tin 
Iron 
Copper 
1 _Mercury 
' Iridium 
Rhodium 
"Palladium 
Nickel 
Platina 
Silver 
LGold 

is  more  than  fix  times  as  great  as  that  of  water. 
Of  fome  of  the  more  recently  difeovered  metals 
the  fpecific  gravity  has  not  yet  been  afeertained, 
nor  are  chemifts  by  any  means  agreed  refpeft- 
ing  the  relative  gravity  of  the  reft.  This  arifes 
partly  from  a difference  in  the  purity  of  the 
fpecimens  which  have  been  the  fubjedis  of  ex- 
periment, but  principally  from  the  variations 
of  denfity  which  the  fame  metal  will  exhibit 
according  to  the  preffure  that  it  has  been  ex- 
pofed  to,  either  during  the  a£l  of  folidifying 
from  fufion,  or  at  any  fubfequent  period.  The 
following  is  a lift  of  the  metals  hitherto  ex- 
amined in  the  order  of  their  fpecific  gravities. 


r granular 
I and  brittle 


I fufthle  and 
\jnalleable 
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Platina  (hammered)  - 

- - 23.00 

Gold 

- - 19.25 

Ditto  laminated  - - 

- - 19.36 

Tungften  - - - - 

Mercury  (fluid)  - - 

- - 13.56 

Palladium  - - - 

- - 11.87 

Lead  ----- 

- - 11.35 

Rhodium  - - - - 

Silver  ----- 

Ditto  laminated  - - 

- - 10.51 

Bifmuth  - - - - 

Uranium  - - - - 

Molybdena  - - - 

- - 8.60 

Nickel  - - - - 

- - 8.51 
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Arfenic  - 8.31  the  button  formed  by  the  fufible  metals.  Thai 

Ditto,  according  to  Foui'croy  5.76  this  granular  form  is  not  occafioned  by  a de- 

Copper  - 7.78  ficiency  of  heat,  is  manifeft  from  the  volatili- 

Ditto  in  wire  - _ « _ 8.89  zation  of  thefe  metals  without  fufion  by  aa 

Cobalt  7.64  increafed  temperature.  Thus  arfenic  is  con- 

iron  -------  7.60  verted  into  vapour  at  the  heat  of  melting  lead. 

Ditto  hammered  - - - 7-78  tungften  at  a very  intenfe  white  heat,  and  per- 

Tin  7.29  haps  molybdena,  chrome  and  uranium  at  a 

Zinc  7.06  fomewhat  higher  temperature.  Many  of  the 

Manganefe  - - - _ _ 6.85  properly  fufible  - metals  are  alfo  known  to  be 

Antimony  - - _ _ . 6.71  volatilizable  at  a heat  confiderably  above  their 

Tellurium  - 6.11  point  of  fufion,  and  this  is  probably  the  cafe 

The  fufibility  of  metals  is  a property  that  with  all  of  them.  Thefe  two  effedbs  however, 
eminently  contributes  to  their  ufefulnefs,  fince  though  depending  on  the  progrelhve  energy  of 
■without  this  it  would  fcarcely  be  polTible  to  the  fame  caufe,  heat,  by  no  means  follow  the 
feparate  them  from  the  earths  and  other  impu-  fame  order ; arfenic  ranks  the  firft  in  volatility, 
rities  with  which  they  are  naturally  mixed,  un-  then  comes  mercury,  to  which  fucceed  zinc 
lefs  at  an  immoderate  expence  both  of  time  and  and  antimony.  All  the  fufible  metals  may  be 
labour ; not  to  mention  the  vaft  advantage  as  obtained  in  a cryftalline  form,  by  means  which 
well  as  in  accuracy  as  economy,  of  producing  a has  been  already  related  in  the  article  Crys- 
vefiel  or  inftrument  by  pouring  the  fluid  ma-  tallization. 

terial  into  a mould  inftead  of  laborioufly  carving  Another  ftriking  and  valuable  property  of 
it  out  from  the  block  by  the  hammer  and  chizel  metals  is  their  extenfibility.  This  by  the  an- 
or  turning  it  in  a lathe.  The  range  of  tem-  cients  was  reckoned  one  of  the  efl'ential  charac- 

perature  at  which  the  various  metals  become  ters  of  metallic  bodies,  but  has  ceafed  to  con- 

fluid,  extends  from  the  higheft  heat  that  our  tinue  fo  in  confequence  of  the  diicovery  of  a 
furnaces  can  produce,  to  a degree  of  cold  never  number  of  metals  deftitute  of  this  quality.  Its 
occurring  naturally,  except  in  Siberia  and  the  high  importance  however  may  be  well  judged 
other  inclement  regions  of  the  fartheft  north,  of  by  obferving  that  for  almoll  all  mechanical 
The  follovying  is  the  order  of  fufibility  as  far  as  purpofes  the  intrinfic  value  of  metals  is  inti- 
it  has  hitherto  been  afcertained.  mately  dependent  on  their  extenfibility.  Metals 

Mercury  - at  — 39°  Fahrenheit.  are  extended  either  by  hammering  or  laminating, 

Tin  - - in  which  cafe  they  are  faid  to  be  malleable,  or 

Bifmuth  - I from  442°  Fahr.  to  a by  wire-drawing,  when  they  are  faid  to  be  duc- 

Lead  . - \ temperature  juft  be-  tile.  The  metal  of  greateft  malleability  is  gold. 

Tellurium  - ] low  that  of  red  heat.  which  may  be  beaten  into  leaves  fo  thin  that  they 

Zinc  - _ J will  float  in  the  air  like  a feather : filver  may 

Antimony  - low  red  heat.  alfo  be  reduced  to  nearly  the  fame  ftate  of 

Silver  - _ 1 from  a bright  or  cher-  tenuity  : after  thefe  may  be  ranked  in  the  fol- 

Copper  - - > ry  red  to  a low  white  lov/ing  order  copper,  tin,  lead,  iron  and  zinc; 

Gold  - - y heat.  this  laft  however  in  order  to  be  perfe£l:ly  mal- 

Cobalt  - - leable,  muft  be  made  fomewhat  hotter  than 

Nickel  - - I from  a full  white  heat  boiling  water.  The  other  malleable  metals  are 

Iron  - - - ' to  the  greateft  heat  platina,  palladium,  nickel  and  mercury,  but  no 

Palladium  - f of  a wind  or  blaft  experiments  have  been  made  with  fufficient 

Manganefe  - | furnace.  accuracy  to  afcertain  their  proper  place  in  the 

Titanium  - J feries : it  appears  probable  how'ever  that  the 

Platina  - - capable  of  being  ren-  three  firft  fhould  be  inferted  between  lead  and 

dered  foft  and  co-  iron.  With  regard  to  mercury,  its  extreme 

hefive,  but  fcarcely  fufibility  muft  ever  oppofe  an  infurmountable 

fufible  in  the  great-  obftacle  to  the  determination  of  its  malleability, 

eft  furnace  heat.  It  might  at  firft  fight  appear  to  be  a necclTary 

Some  metals  however  appear  to  be  abfolutely  confequence  that  the  du£Hlity  of  metals  fliould 
incapable  of  proper  fufion,  on  Vvhich  account  follow  the  fame  order  as  their  malleability,  both 
they  can  only  be  obtained  in  the  ftate  of  flightly  properties  being  merely  a mode  of  extenfion  •, 
eohering  fcales  or  grains,  very  dift'erent  from  but  a little  refleilion  on  the  procefs  of  wire- 
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(drawing  will  evince  that  the  du£l!lity  of  a 
fubftance  is  compounded  of  its  malleability  and 
tenacity  j hence  iron,  though  by  no  means  fo 
malleable  as  tin  or  lead,  greatly  furpafles  them 
in  dudlility.  All  metals,  in  a greater  or  lefs 
degree,  while  undergoing  the  procefs  of  ham- 
mering or  wire-drawing,  give  out  heat  and  fuf- 
fer  a proportionable  increafe  of  fpecific  gravity; 
but  at  the  fame  time  and  in  the  fame  proportion 
they  become  rigid  and  more  difpofed  to  break 
or  tear  than  extend  evenly  ; their  original  duc- 
tility and  foftnefs  may  how'ever  be  reftored  by 
annealing,  which  confifts  in  heating  them  mo- 
derately and  allowing  them  to  cool  gradually ; 

a wire  of  iron  -yV  of  an  inch  in  diameter  will 
copper 


platina 

filver 

gold 


by  this  the  heat  which  was  expreiTed  from  them 
is  reftored,  and  their  fpecific  gravity  is  reduced 
to  its  original  amount.  The  quantity  of  ex- 
preffible  caloric  contained  in  tough  bar  iron  is 
lb  great  that  by  rapid  hammering  it  may  atlu- 
ally  be  made  red  hot,  whereas  lead  by  the  fame 
treatment  has  its  temperature  raifed  only  a few 
degrees. 

The  tenacity  of  a metal  is  eftiraated  by  the 
weight  required  to  break  a wire  of  a given  dia- 
meter when  fufpended  at  one  end  of  it  while 
the  other  end  is  made  faft  to  a bar.  The  moll 
accurate  experiments  on  this  fubjedb  are  thofe 
of  Sickingen,  from  which  it  appears  that 

bear  705.  lbs.  avoirdupois  before  it  breaks, 

387- 

351- 

239. 

191. 


The  tenacity  of  tin  is  greatly  inferior  to  that 
of  gold,  and  the  tenacity  of  lead  is  the  leaft  of  all. 

On  the  chemical  properties  of  metals  a few 
words  will  fuffice,  as  each  individual  metal  is 
treated  of  much  at  length  in  its  proper  place. 

Metals  are  fimple  fubftances ; at  leaft  if  they 
are  not  abfolutely  fo,  yet  there  is  no  inftance  of 
any  one  of  them  having  been  hitherto  decom- 
pofed,  notwithftanding  the  almoft  innumerable 
procefl'es  to  which  they  have  been  fubje£ted  for 
this  very  purpofe.  The  metals  are  very  gene- 
rally by  modern  chemifts  ranked  among  the 
fimple  combuftibles,  and  indeed  in  many  re- 
fpebts  a very  ftrong  analogy  exifts  between 
them.  By  mere  heat  they  undergo  no  change 
except  of  form,  becoming  liquid  or  alTuming  a 
ftate  of  elaftic  fluidity  according  to  the  degree 
of  temperature : but  when  expofed  at  the  fame 
time  to  heat  and  oxygen  gas,  they  enter  into 
afllve  combuftion  and  unite  with  oxygen,  light 
and  heat  being  evolved  during  the  procefs.  Nor 
are  they  only  capable  of  combining  with  oxygen 
when  prefented  to  them  in  the  ftate  of  gas,  but 
alfo  of  decom.pofing  many  fubftances  into  which 
this  ingredient  enters  by  means  of  their  ftrong 
affinity  for  it.  Hence  atmofpheric  air,  vi'ater, 
the  compound  acids,  and  feveral  of  the  neutral 
falts  are  thus  capable  of  being  decompofed ; 
the  metal  Becoming  oxydized,  and  the  other 
bafe  with  which  the  oxygen  was  at  firft  united 
being  either  entirely  deprived  of  it  or  reduced 
to  a low  ftate  of  oxygenation  according  to  cir- 
cumftanccs.  The  affinity  for  oxygen  manifefted 
by  the  different  metals  is  extremely  various  in 
degree,  fome  entering  into  a£l:ive  combuftion 
when  expofed  to  atmofpheric  air  at  a heat  fome- 
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what  greater  than  that  required  for  their  fufion, 
as  zinc  and  iron,  while  others  in  the  fame  cir- 
cumftances  are  flowly  oxydized  without  much 
appearance  of  combuftion,  and  others  again,  as 
gold,  filver  and  platina,  appear  wholly  incapable 
of  being  oxydized  by  this  procefs.  A fimilar 
difference  may  be  remarked  in  the  habitudes  of 
metals  with  regard  to  every  mode  of  oxydation, 
whether  through  the  medium  of  the  decom- 
pofition  of  water,  of  acids,  or  of  the  neutral 
falts.  Some  metals  are  capable  of  combining 
with  oxygen  in  two  or  more  proportions,  as 
iron,  lead  and  tin,  but  even  in  the  higheft  ftate 
of  oxygenation  they  never  affume  acid  charac- 
ters ; while  on  the  other  hand  fome  metals,  as 
arfenic,  molybdena  and  chrome,  when  faturated 
with  oxygen,  are  compleat  acids,  exhibiting 
every  charadfer  of  fuch.  Metallic  oxyds  and 
acids  may  all  be  brought  back  again  to  the  re- 
guline  or  proper  metallic  form  by  being  expofed 
to  the  adlion  of  any  fubftance  that  has  a ftronger 
affinity  with  oxygen  than  they  themfelves  pof- 
fefs  ; thus  charcoal,  hydrogen,  phofphorus  and 
fulphur,  though  in  certain  circumftanfces  they 
are  deoxygenized  by  the  metals,  are  very  capa- 
ble in  other  circumftances  of  decompofing  me- 
tallic oxyds  by  abftradlion  of  their  oxygen. 

Metals  when  in  the  ftate  of  oxyd  are  capable 
of  uniting  with  acids  forming  the  metallic  falts, 
with  fulphuretted  hydrogen,  and  in  fome  cafes 
with  the  alkalies ; at  a liigh  heat  they  become 
more  or  lefs  tranfparent,  affume  the  vitreous 
texture,  and  are  called  metallic  piaffes ; they  arc 
now  capable  of  mixing  with  other  vitrefeent 
mixtures,  to  which  they  communicate  their 
own  peculiar  colours. 
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Metals  in  the  reguline  (late  combine  with 
each  other,  forming  various  Alloys,  and  with 
phofphorus,  carbon  and  fulphur,  forming  the 
metallic  phofphurets,  carburets,  and  fulphurets. 

MICA.  Glimmer  Wern.  Mica,  Hauy  and 
Broch. 

Its  colour  is  afh  or  fmoak-grey,  yellowifli, 
greenifh  and  blackifh  grey;  it  alfo  occurs  fdvery 
white,  bronze  yellow,  copper-red,  brownifli 
red,  tombac-brown,  blackifh  brown,  greenifli 
black,  and  mountain  green.  It  occurs  mofl 
ufually  difleminated,  often  fuperficial,  rarely  in 
mafs,  and  flill  more  rarely  cryftallized.  Its 
primitive  figure  is  a fliort  flrait  prifm  with 
rhomboidal  bafes,  the  alternate  angles  of  which 
meafure  6o°  and  120°.  It  alfo  occurs  in  fliort 
regular  hexahedral  prifms  or  tables.  Sometimes 
the  lateral  edges  are  replaced  by  planes,  form- 
ing an  angle  of  about  100°  with  the  bafe  to 
which  they  adjoin,  thus  reprefenting  a very 
fliort  hexahedral  prifm  terminated  by  very  deep- 
ly truncated  hexahedral  pyramids.  It  alfo 
fometimes  prefents  re£l:angular  tables.  The 
bafes  of  the  cryflals  are  fmooth  and  flilning: 
internally  it  is  fliining  and  very  flilning,  with  a 
refmous,  pearly,  or  metallic  luflre.  Its  fra£lure 
is  generally  flrait,  curved,  or  undulatingly 
foliated,  fometimes,  though  rarely,  divergingly 
radiated;  its  fragments  are  tabular  and  indeter- 
minately angular.  When  in  mafs  It  is  compofed 
of  granular  and  wedge-fliaped  diflindf  concre- 
tions. When  in  thin  plates  it  is  tranfparent  or 
femitranfparent;  thofe  varieties  with  a metallic 
luflre  are  only  tranflucent  on  the  edges.  It 
may  be  fcraped  eafily  by  a knife,  Is  flexible  and 
moderately  elaflic,  when  in  thin  plates  may  be 
cut  like  foft  horn,  and  is  fmooth  but  not 
un£luous  to  the  touch.  Sp.  gr.  2.-79  2.93. 

Before  the  blowpipe  mica  fufes  with  difficulty 
into  an  enamel,  which,  when  black  mica  is 
employed,  is  ufually  magnetic. 

Mica  has  been  analyfed  by  Vauquelin,  and 
the  variety  called  Mufcovy  Talc  by  Bergman, 
with  the  following  refults: 

V auq.  Berg. 

Silex  ....  50  — 40 

Alumine  • • . 35  — 46 

Lime  ....  i-33  — ° 

Magnefia  . . . t-35  “•  5 

Oxyd  of  Iron  . . 7.  — 9 

94.68  100 

. . ' • 5-32 

Mica  Is  confidered  as  belonging  effentially  to 
the  primitive  rocks,  and  for  the  mofl  part 
aflbciatcd  with  quartz  and  fclfpar,  as  in  granite. 


gneifs,  and  micaceous  fchiftus:  It  is  for  the 
mofl  part  difperfed  through  the  entire  fubflance 
of  thefe  rocks  and  occafionally  forms  fmall 
veins,  in  which  lafl  the  maffive  and  cryflalilzed 
varieties  are  almofl  exclufively  found.  In  the 
mofl  ancient  large  grained  granite  plates  of 
mica  frequently  occur  of  the  length  of  three 
inches  or  more;  and  the  veins  of  mica  which 
occafionally  traverfe  this  fpecies  of  rock  have 
been  known  to  afford  plates  nearly  5 feet 
fquare.  Mica  in  fmall  fpangles  is  by  no  means 
unfrequent  in  the  flaty  fandftone  that  accompa- 
nies tire  independent  coal-formation  and  the 
beds  of  alum  flate:  it  is  alfo  met  with,  though 
more  rarely,  in  the  rocks  of  trap-formation. 

The  large  plates  of  mica  called  Mufcovy 
Talc  or  Mufcovy  Glafs,  are  procured  chiefly 
from  Ruffia;  of  late  years  a fomewhat  inferior 
kind  has  been  dug  in  the  province  of  Penfil- 
vania  in  America  : ’ it  is  tranfparent,  has  a 
fmoaky  tinge,  and  is  in  common  ufe  in  Head  of 
w'indow'-glafs  in  the  neighbourhood  w’here  it  is 
procured.  It  was  employed  inflead  of  glafs  in 
the  windows  of  the  Ruffian  fhips  of  war,  as 
not  being  liable  to  be  broken  by  the  concuffion 
of  the  air  during  the  difeharge  of  heavy  artillery,, 
but  it  has  the  inconvenience  of  never  being  f'o 
tranfparent  as  glafs,  and  of  becoming  dim  by 
continued  expofure  to  the  fea  air.  Mufeovy- 
Talc  may  be  divided  Into  plates  of  almof’c 
incredible  tenuity,  fome  of  them  according  to 
Hauy  being  no  thicker  than  -j-Wooo  of  an  inch; 
this  circumflanee  added  to  its  toughnefs  and 
flexibility:,  render  it  peculiarly  proper  for  in- 
clofing  objeQs  to  be  infpefted  by  the  folar 
microfeope.  The  gold  and  filver-coloured  mica 
called  vulgarly  Cat’s  gold  and  filver,  is  employ- 
ed with  good  effeefl  in  frofl-work  ornaments 
inflead  of  more  coflly  materials. 

MICACEOUS  SCHISTUS.  Glimmer.- 
fehiefer  Wern.  Schifle  micace  Broch. 

Micaceous  fchiftus  is  a fpecies  of  rock  be- 
longing to  the  clafs  of  primitive  ones,  and  is  of 
great  importance  both  in  a geological  and  mine- 
ralogical  point  of  view.  Both  its  name  and 
external  chara£lers  are  derived  from  the  mica 
which  it  contains,  and  which  is  always  the 
mofl  ftriking,  and  occafionally  the  predominat- 
ing ingredient.  It  confifts  efTentially  of  minute 
plates  or  fpangles  of  mica  lying  all  in  one  dl- 
reftion,  with  granular  quartz  interpofed.  The 
colour  of  the  quartz  is  white  or  grey,  that  of 
the  mica  is  fdvery  white,  or  greyifli  white  with 
a metallic  luflre,  fometimes  brown,  and  rarely 
greenifli.  The  frafture  of  this  mineral  in  the 
diredion  of  the  mica  is  flaty,  though  not  pro- 
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perly  laminated.  When  pure,  it  is  hardly  fufible 
without  a flux. 

In  fome  varieties  of  micaceous  fchiftus  a con- 
fiderable  quantity  of  felfpar  is  contained,  when 
this  is  the  cafe  its  texture  becomes  coarfer,  and 
it  is  fcarcely  to  be  diftinguiflied  from  gneifs ; 
other  varieties  confift  entirely  of  mica  and  gra- 
nular quartz,  but  this  latter  in  fo  great  a pro- 
portion to  the  other  ingredient  that  its  flaty 
texture  is  almoft  entirely  obfcured. 

Micaceous  fchiftus  frequently  inclofes  other 
minerals,  particularly  garnet,  felfpar,  cyanite, 
and  tourmalin. 

Mountains  of  micaceous  fchiftus  are  by  no 
means  fo  Ample  in  their  ftrufture  as  thole  of 
granite  and  gneifs,  fince  they  frequently  contain 
beds  of  primitive  limeftone,  hornblende,  flate, 
and  rarely  primitive  gypfum  ; beds  of  adfyno- 
lite,  pyrites,  galena,  and  other  metallic  ores  are 
alfo  occafionally  met  with.  Some  of  the  rich- 
eft  metallic  veins  are  alfo  fituatedin  this  fpecies 
of  rock,  as  Is  the  cafe  with  moft  of  the  mines 
of  Sweden  and  Norway,  and  with  a confiderable 
number  of  thofe  in  Saxony  and  Hungary.  Mi- 
caceous fchiftus  generally  repofes  on  gneifs,  and 
forms  mountainous  chains  of  confiderable  extent, 
though  feldom  of  any  great  heighth.  The  moft 
interefting  chains  of  this  fpecies  of  mountain  in 
Britain  are  the  vales  of  the  Tay,  and  the  Tum- 
mel,  Strath  Errick,  and'Glen  Roy,  in  the  Scot- 
tifti  highlands. 

Micaceous  fchiftus,  when  pure.  Is  in  much 
requeft  for  the  walls  and  hearths  of  furnaces 
on  account  of  its  great  infufibility ; it  is  alfo 
fplit  Into  leaves  for  covering  houfes,  though 
for  this  purpofe  it  is  inferior  to  flate. 

MICARELLE.  See  Pinit. 

MICROCOSMIC  SALT  is  the  compound 
Phosphat  of  Soda  and  Ammonia  (which  fee}. 

MILK.  Milch.  Germ.  Lait.  Fr. 

This  fluid,  the  next  in  importance  of  all  the 
animal  liquors  to  blood,  has  been  examined  very 
largely  by  different  chemifts,  and  its  analyfis  is 
curious  and  important.  Scheele,  * Fourcroy, 
and  Vauquelin,  Parmentier  and  Deyeux,'  and 
many  others  have  given  particular  attention  to 
this  fubje£l:,  and  from  their  united  labours  the 
following  general  account  of  its  properties  may 
be  given. 

Milk  is  a white  opake  fluid,  varying  in  hue 
from  a yellowifti  to  a blueifli  tint,  of  a foft  fome- 
what  unQuous  feel,  and  a fweetiflr  and  grateful 
tafte.  It  frequently  is  altered  in  talle  and  fmell 
and  fometimes  too  in  colour,  by  the  nature  of 
the  aliment  which  the  animal  takes.  The  fpe- 


clfic  gravity  of  milk  vades  according  to  the 
animal  that  produces  it,  the  food,  and  other 
circumftances.  The  gravity  of  cows  milk  is 
about  1.0203  according  to  Briflbn,  and  this  Is 
the  lighteft  next  to  human  milk.  Sheeps  milk, 
which  is  heavy,  weighs  r.0409. 

The  chemical  compofition  of  this  fluid  Is  the 
fame  in  all  animals,  as  far  as  has  been  examined, 
that  is,  all  milks  confift  of  the  fame  fubftances 
in  intimate  combination,  but  the  relative  pro- 
portion of  thefe  fubftances  is  probably  not  the 
fame  in  any  two  animals,  and  is  fo  remarkably 
different  in  fome,  as  to  be  obvious  to  common 
obfervers.  In  a general  view  milk  may  be  faid 
to  be  compofed  of  the  following  ingredients. 

1.  Of  the  cafeous  or  curdy  matter,  which  is 
feparable  from  milk  by  various  means,  and  par- 
ticularly by  rennety  and  which  when  colle&ed 
and  condenfed  by  prelfure  forms  cheefe. 

2.  Of  a true  animal  oil,  butter,  which  Is 
feparable  from  the  cream  chiefly  by  agitation. 

3.  Of  a fweet  watery  fluid,  the  ferum  or 
whey,  which  generally  contains  a good  deal  of 
the  two  former  ingredients  diffolved,  and  alfo 
holds  a quantity  of  faccharine  matter,  of  animal 
jelly,  of  muriat  of  foda,  and  potafh,  and  fome 
phofphals. 

The  further  analyfis  of  tliefe  three  fubftances 
will  be  prefently  mentioned. 

Milk  when  moderately  heated  fwells  and 
froths  confiderably,  and  at  about  200°  of  heat 
it  boils.  At  the  fame  time  there  forms  on  the 
furface  a tough  dry  pellicle,  which  when  re- 
moved is  fucceeded  by  another,  and  fo  on  fuc- 
celTively.  This  flcin  is  the  fame  as  the  curd  or 
cafeous  matter  obtained  by  the  common  means, 
and  if  the  procefs  is  continued  for  a great  length 
of  time,  all  the  curd  may  be  feparated  in  this 
form,  and  a watery  liquid  alone  will  remain. 

If  milk  Is  evaporated  to  drynefs  there  remains 
a folid  yellowlfli  extvaft,  known  abroad  by  the 
name  franchipane,  and  formerly  ufed  in  medi- 
cine. If  the  vapour  diftilled  from  boiling  milk 
be  condenfed  In  a proper  receiver,  it  forms  a 
clear  liquor  of  a faintiflr  tafte,  which  after  long 
ftanding  becomes  muddy  and  putrefies. 

The  coagulation  of  milk  is  one  of  the  moft 
important  changes  which  it  undergoes,  and  is 
effedfed  by  a variety  of  methods.  All  the  acids 
coagulate  milk,  alcohol  and  all  vinous  liquors 
do  the  fame,  and  alfo  feveral  vegetables.  But 
the  fpeedieft  and  moft  perfect  coagulation  is 
effedfed  by  rennet,  or  an  infufion  of  the  fto- 
mach  of  calves,  pickled  and  falted,  which  is  the 
fubftance  ufed  in  making  cheefe.  The  gaftric 
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juice  of  all  animals  alfo  produces  the  fame 
effect,  and  hence  coagulation  is  the  firft  procefs 
in  the  natural  digeftion  of  this  fluid. 

Coagulation  is  the  moft  convenient  method 
of  analyzing  milk,  and  it  is  thereby  refolved 
into  two  principal  portions,  the  ccagulum  or 
curdy  and  the  whey.  The  analyfis  of  each  of 
thefe  fubftances  gives  the  following  refults. 

Whey  prepared  by  rennet  (which  is  on  the 
whole  the  bell  fubftance  for  coagulating  milk 
for  chemical  analyfis)  when  filtered  and  clarified 
is  a limpid  yellowifh  fluid,  of  a fweetifh  and 
rather  faline  tafte,  agreeable  to  mofl;  palates. 
Its  fpecific  gravity  is  fomewhat  lefs  than  that 
of  the  milk  from  which  it  is  procured.  Whey 
when  gently  evaporated  to  the  confiflence  of  a 
fyrup  and  allowed  to  cool  undifturbed,  depofits 
a Angular  cryftalline  fweetifh  matter  called 
fitgar  of  milky  which  is  prepared  pretty  largely 
in  fome  of  the  Swifs  cantons,  and  is  ufed  for 
culinary  and  medicinal  purpofes.  To  pi'epare 
it,  frefh  whey  from  fkimmed  milk  is  boiled 
down  to  the  thicknefs  of  fyrup,  and  then  poured 
into  earthen  pots,  v/here  it  folidifies  and  dries 
in  the  fun ; this  mafs  which  is  brown  and 
impure  is  refined  by  re-folution,  clarification 
with  white  of  egg,  and  another  evaporation, 
after  which  it  concretes  into  white  rhomboidal 
cryftals. 

Sugar  of  milk  when  pure  is  a white  cryftalline 
fubftance,  of  a fweetifh  and  rather  maw’kifh 
tafte,  foluble  in  four  parts  of  boiling  water  and 
about  twelve  of  cold.  When  ftrongly  heated  it 
turns  brown,  fwells  up  and  exhales  the  ftrong 
pungent  vapour  of  burnt  fugar,  and  finally 
leaves  a black  coal  holding  about  -3V  of  its 
weight  of  fait,  compofed  according  to  Rouelle, 
of  three  parts  muriat  of  potafh  and  one  part 
carbonat  of  potafh. 

Sugar  of  milk  has  been  ufually  thought  to  be 
the  chief  agent  in  the  vinous  fermentation, 
which  milk  is  capable  of  afluming,  but  it  has 
been  fhewn  by  Fourcroy  and  Vauquelin  that 
this  is  a miftake,  fince  during  the  procefs  no 
fugar  of  milk  is  deftroyed,  as  much  being  found 
4 after  as  before  fermentation.  Neither  is  it 
capable  of  fermenting  by  itfelf  when  dilTolved 
in  water  and  mixed  with  leaven. 

Sugar  of  milk  when  boiled  with  nitric  acid 
repeatedly,  is  converted  partly  into  oxalic  acid 
and  partly  into  a peculiar  acid  to  which  the 
term  SaccholaBic  Acid,  or  Acid  of  Sugar  of  Milk, 
has  been  given.  It  was  firft  difcovered  by  the 
ingenious  refearches  of  Scheele,*^  and  has  fince 
been  found  to  be  identic  with  die  mucous  acid. 


It  is  prepared  by  abftra£Hng  nitric  acid  repeat' 
edly  from  fugar  of  milk,  during  which  an  opake 
white  powder  feparates  firft,  and  on  cooling  a 
quantity  of  cryftals  alfo  forms.  The  former  is 
the  faccholadlic  acid,  the  latter  is  oxalic  acid. 
The  faccholaclic  acid  is  very  fparingly  foluble 
in  hot  water,  and  pofTeftes  very  faint  acid  pro- 
perties, but  its  acid  nature  cannot  be  doubted 
fince  it  reddens  litmus,  has  a flightly  four  tafte, 
eftervefees  with  chalk,  and  forms  neutral  falts 
with  alkalies.  It  has  been  ftrongly  fufpe£led 
to  be  the  oxalic  acid,  whofe  ufual  properties 
are  malked  by  an  intimate  union  with  fome 
animal  matter,  but  no  fatisfadlory  experiments 
have  confirmed  this  opinion.  Its  properties 
will  be  further  noticed  under  the  article 
Mucous  Acid. 

After  the  evaporated  whey  has  depofited  all 
its  fugar  of  milk,  the  mother  liquor  is  a brown 
vifeous  fluid,  which  on  cooling  concretes  into 
a tremulous  jelly.  It  alfo  contains  moft  of  the 
faline  parts  of  the  milk,  which  may  be  obtained 
by  diluting  it  with  w'ater  and  again  evaporating 
judicioufly  and  ftopping  the  procefs  at  intervals 
to  allow  of  the  feparation  of  the  falts.  The 
moft  abundant  of  thefe  is  muriat  of  potalh, 
which  appears  in  fmall  regular  cubic  cryftals. 
Phofphat  of  lime  is  alfo  contained  in  feriim  and 
feparates  at  laft,  but  it  may  be  more  immedi- 
ately obtained  by  adding  lime-water  to  the  whey 
before  evaporation,  this  earthy  fait  being  there- 
by rendered  infoluble,  the  lime-water  neutral- 
izing a fmall  excefs  of  acid  naturally  exifting  in 
milk  which  holds  the  phofphat  in  folution.  Any 
of  the  alkalies  will  produce  the  fame  eflefif.. 
The  above  two  falts,  muriat  of  potafli  and  phof- 
phat of  lime  alfo  appear,  on  calcining  the  dry 
refidue  of  evaporated  whey,  and  lixiviating  with 
W'^ater,  the  heat  having  deftroyed  the  acid 
which  held  the  phofphat  of  lime  fufpended. 

The  phenomena  attending  the  coagulation  of 
milk  by  acids  and  by  alcohol  will  be  foon  no- 
ticed, that  by  rennet  is  underftood  at  prefent.  • 

The  curd  of  milk  prepared  by  rennet,  to  be 
chemically  pure,  fiiould  be  made  of  fkimmed 
milk,  otherwife  it  contains  much  of  the  butter 
and  oily  part.  The  confiflence  of  curd  depends 
on  a number  of  minute  circumftances,  being 
foinetimes  quite  foft  and  gelatinous,  fometimes 
firm  and  as  it  were  knotty.  It  is  much  con- 
denfed  and  hardened  by  heat.  A long  conti- 
nued preflure  is  neceffiiry,  in  order  to  feparate 
entirely  the  adhering  portion  of  whey.  Curd 
(or  cheefe ; from  fkimmed  milk,  when  flowly 
dried  in  a moderate  heat,  becomes  hard,  brittle. 
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and  tranfparent  like  horn,  which  may  be  feen  in 
fome  of  the  moil  ordinary  cheefes  as  prepared 
for  food.  Whilft  it  retains  its  flexibility  it  is 
extremely  tough  and  tenacious,  and  when 
heated  it  draws  out  into  long  firings.  If  the 
heat  becomes  fcorching  it  melts,  takes  fire  and 
burns  with  flame,  fmoke,  and  a fetid  ammonia- 
cal  fmell.  When  diftilled  per/e  it  alfo  yields 
much  ammonia,  a fetid  oil,  much  fulphuretted 
and  carburetted  hydrogen,  and  a denfe  faline 
coal  from  which  muriat  of  potafli  may  be  ob-. 
taincd  by  lixiviation.  Curd  alfo  contains  much 
of  the  phofphat  of  lime  of  the  milk,  provided 
the  milk  has  not  flood  long  enough  to  four  and 
generate  an  acid  which  would  keep  this  earthy 
fait  fufpended.  And,  when  dry  and  horny,  it 
will  keep  to  an  indefinite  time  in  a dry  air  with- 
out change,  but  if  foft  and  not  well  prefled, 
tlie  whey  which  it  contains  becomes  four,  and 
the  acid  itfelf  in  a few  days  is  covered  with  a 
white  mould,  gives  out  a mofl  ofFenfive  fmell, 
and  flowly  putrefies.  But  the  fpontaneous  de- 
compofition  of  cheefe  is  very  flow. 

Curd  is  infoluble  in  w^ater,  but  when  long 
kept  under  cold  water,  it  is  changed  to  a foft 
fatty  matter,  confiderably  dlfierent  from  the 
original  fubflance.  Cauflic  alkali  diflblves  curd 
very  readily,  particularly  if  heated,  and  it  may 
be  again  precipitated  by  acids.  Some  ammonia 
is  difengaged  during  the  folution.  Ammonia 
alfo  a£ls  on  curd  with  equal  rapidity.  Quick- 
lime, curds  and  water,  intimately  united  by 
beating,  form  a flifF  palle  of  extreme  tenacity, 
which  foon  acquires  a flrong  hardnefs  and  is 
often  ufed  as  a very  firm  cement. 

From  all  the  properties  of  pm'e  curd  it 
appears  to  bear  the  flrongefl  analogy  with  the 
white  of  egg,  as  Scheele  obferves,  and  it  may 
be  confidered  as  nearly  pure  albumen,  but 
mixed  with  a certain  portion  of  phofphat  of 
lime  and  a few  other  faline  matters.  Rauelle 
compared  it  to  the  gluten  of  wheat,  which  is 
alfo  a jull  comparifon,  fince  there  is  alfo  fcarcely 
any  afcertainable  difference  between  pure  gluten 
and  pure  albumen  when  each  is  in  a condenfed 
coagulated  Hate.  The  effedl  of  acids  upon  curd 
will  be  prefently  noticed. 

Butter,  or  the  oily  part  of  milk,  is  well  known 
to  be  prepared  from  cream  by  long  agitation. 
New  milk  is  perfeflly  homogenous,  but  on 
ftanding  for  fome  hours  at  reft  it  throw's  up  a 
thick  yellowifti-white  cream,  unfluous  to  the 
touch,  and  of  a very  bland  agreeable  flavour. 
In  the  procefs  of  churning,  the  cream  feparates 
vifibly  into  two  fubftances,  the  butter  w'hich 
eolletls  in  a mafs,  and  a thick  white  liquid,  die 


buttermilk  as  it  is  called,  and  whey,  and  ftili 
retains  a little  of  the  butter. 

Butter  is  much  more  eafily  made  from  ftale 
than  from  frefli  cream,  probably  owing  to  the 
fpontaneous  change  which  cream  undergoes  by 
keeping,  and  the  evolution  of  an  acid.  Butter 
often  varies  in  colour,  being  of  every  fhade  from 
a faint  yellowilh-wdiite  to  a deep  yellow,  but  the 
caufe  of  this  variation  is  not  very  apparent. 
The  adtion  of  the  atmofphere  has  been  thought 
by  fome  to  be  concerned  in  the  feparation  of 
cream  from  milk,  and  of  butter  from  cream, 
but  nothing  in  the  leaft  degree  fatisfadlory  has 
been  brought  in  fupport  of  this  opinion,  and  it 
is  certain  that  agitation  alone  in  a corked  bottle, 
will  perfe£tly  feparate  butter  from  cream. 

Frefh  butter  melts  at  about  98°,  and  when 
kept  for  fome  time  melted,  a fmall  quantity  of 
ferum  and  curd  feparate  from  it.  The  butter 
becomes  thereby  more  tranfparent,  but  has  ac- 
quired a lefs  pleafant  tafte.  Butter  wdien  diftilled 
per  fey  firft  gives  over  fome  water  holding  fe- 
bacic  acid,  after  which  the  greater  part  of  the 
butter  rifes  with  a pungent  unpleafant  fmell, 
and  fixes  in  the  receiver  into  a concrete  empyreu- 
matic  greafe.  A further  diftillation  of  this  greafe 
gives  a finer  and  more  volatile  oil  than  at  firft, 
and  other  produ£ls  fimilar  to  thofe  of  the  animal 
oils,  as  will  be  further  mentioned  under  the 
article  Oil.  Butter  when  long  kept  becomes 
exceffively  fetid  and  rancid,  but  this  is  in  a 
great  meafure  prevented  by  falting.  yUkalies 
diflblve  it  with  eafe  into  a perfe£l  foap. 

On  the  whole,  butter  may  be  confidered  as 
moft  refembling  the  animal  oils,  but  intimately 
combined  with  a fmall  portion  of  the  curd  and" 
whey  and  other  parts  of  the  milk,  from  which 
probably  it  can  never  be  feparated  without  total 
diforganization  ; and  indeed  as  milk  is  a natu- 
ral emulfion  elaborated  in  the  veffels  of  the 
animal,  the  combination  of  its  parts  appears 
throughout  to  be  fo  clofe  that  it  is  fcarcely  in  the 
pow'er  of  art  to  break  it  intireiy.  Hence  it  is  that 
w'e  find  the  whey  to  retain  almoft  to  the  laft 
fome  of  the  curd  and  oil ; the  curd  to  be  almoft 
infeparable  from  the  laft  portions  of  the  W'hey  and 
butter  ^to  w'hich  much  of  the  varieties  of  cheefe 
is  to  be  attributed'  and  fome  of  the  curd  and. 
whey  to  remain  in  the  compofition  of  butter 
through  every  procefs. 

We  proceed  to  deferibe  the  effedl  of  acids 
upon  milk,  and  the  fpontaneous  coagulation  of 
milk  by  the  acid  which  is  generated  in  it  by 
keeping  for  a certain  length  of  time. 

All  acids  readily  curdle  milk,  and  as  appears 
from  the  experiments  of  Scheele,  confirmed  by 
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thofe  of  jMefirs,.  Fourcroy  and  Vauquelin,'  the 
coaguliun  thus  formed  confifts  of  the  curd  united 
with  a portion  of  the  acid  employed,  infomuch 
that  if  no  more  acid  be  ufed  than  is  barely 
necefl'ary,  the  whey  flrews  no  marks  of  acidity. 
The  curd  obtained  by  mineral  acids  (according 
■to  Schcele)  is  foluble  in  an  excefs  of  the  acid, 
but  not  that  produced  by  vegetable  acids.  If  milk 
be  previoully  mixed  with  ten  parts  of  water,  no 
curd  is  obtained  by  mineral  acids,  hence  the 
caufe  of  coagulation  of  undiluted  milk  in  this 
cafe  is,  that  the  curd  and  acid  together  form  a 
compound  which  requires  for  its  folution  much 
more  water  than  the  milk  contains. 

When  milk  is  kept  in  a warm  place  it  is 
known  to  grow  four  and  thick  in  about  two 
days,  according  to  the  temperature.  This  four- 
nefs  daily  increafes,  and  is  the  llrongefl  when 
about  a fortnight  has  elapfed,  and  it  then  confifts 
of  a foft  curd,  acid  and  fomevdiat  naufeous  to 
the  tafte,  and  of  whey  highly  four  and  whitifli. 
A ftrong  acid  is  therefore  generated  in  the  pro- 
cefs  which  was  firft  accurately  examined  by 
Scheele,  who  difcovered  that  the  acid  differed 
from  any  other  then  known,  and  to  which  he 
gave  the  name  of  LaBic  Acid.  It  was  thus 
prepared  by  this  excellent  chemift  ; the  four 
whey  was  filtered  and  evaporated  till  only  one- 
eighth  remained.  Some  curd  was  feparated  in 
the  procefs,  which  being  removed  by  filtration 
the,  acid  liquor  was  faturated  with  lime-water, 
by  which  a white  precipitate  of  phofphat  of 
lime  fell  down  and  was  removed.  To  the  clear 
liquor  (confifting  of  the  peculiar  acid  and  lime 
and  fome  mucilaginous  matter)  juft  enough  of 
oxalic  acid  was  added  to  engage  and  precipl- 
-taie  the  lime,  which  left  the  acid  of  the  milk 
free  in  the  liquor.  This  was  then  evaporated 
to  the  confiftence  of  honey,  and  ftrong  alcohol 
added,  which  diffolved  only  the  acid,  leaving 
behind  the  fugar  of  milk  and  other  fubftances 
contained  in  the  whey.  The  alcoholic  folution 
was  then  diluted  with  water,  and  the  alcohol 
diftilled  off,  which  finally  left  the  la£Hc  acid 
in  a liquid  ftate  in  the  retort  as  pure  as  it  can 
ever  be  obtained. 

The  ladfic  acid  is  defcribed  by  Scheele  to 
have  the  following  properties  : evaporated  to  a 
thick  confiftence  it  gives  no  cryftals,  and  when 
dried  it  readily  deliquefces  again  ; when  diftil- 
led it  yields  water,  a weak  acid  like  the  tarta- 
reous,  and  afterwards  empyreumatic  oil,  acid, 
and  an  inflammable  air  ; faturated  with  potafti 
it  gives  a deliquefcent  fait,  foluble  In  alcohol, 
snd  with  foda  an  uncryftallizable  fait,  but  alfo 


foluble  in  alcohol.  With  ammonia  and  the 
earths  it  forms  deliquefcent  falts.  It  diffolves 
iron  and  zinc,  giving  out  inflammable  air,  and 
adfs  upon  fome  of  the  other  metals. 

It  cannot  be  formed  diredlly  from  four  whey 
by  diftillatlon,  for  on  making  the  trial,  only  a 
flightly  acidulous  water  rifes  in  a boiling  heat, 
and  by  far  the  greater  part  of  the  acid  remains 
behind  In  the  retort.  From  its  very  clofe  re- 
femblance  to  vinegar,  the  difcoverer  confiders 
it  as  an  imperfedl:  acetous  acid,  containing  the 
materials  of  this  acid,  but  wanting  the  vinous 
fermentation  to  be  compleatly  elaborated.  In 
proof  of  this  opinion  he  adds,  that  if  to  a 
kanne  (lb  5I  Englifli)  of  milk  be  added  four 
or  five  fpoonfuls  of  brandy,  and  the  vefTel  con- 
taining it,  well  corked,  be  expofed  to  warmth 
with  occafional  exit  of  the  vapour  generated, 
the  whole  of  the  whey  will  be  changed  into 
good  vinegar. 

Some  later  experlmefts  have  been  made  by 
Meflrs.  Fou,rcroy  and  Vauquelin,  on  foured 
milk,  particularly  with  a view  to  determine  the 
exa£I  nature  of  Scheele’s  la£tic  acid,  whereby 
it  appears  molt  probable  that  this  acid  is  in  fadl 
acetous  acid,  but  with  its  perfedl  charadler 
fomewhat  mafleed  by  holding  in  folution  a quan- 
tity of  animal  matter.  We  fhall  In  a few  words 
give  the  leading  particulars  of  thefe  valuable 
experiments,  as  they  alfo  throw  fome  further 
light  on  the  general  analyfis  of  milk. 

A quantity  of  milk  was  let  to  ftand  In  a warm 
place  for  five  days  till  it  was  quite  four,  after 
which  the  cream  was  carefully  Ikimmed  off  and 
the  remainder  was  heated  to  compleat  the  fepa- 
ration  of  the  curd  from  the  whey.  The  curd 
well  wafhed  and  prefled  dried  into  a flexible 
traaifparent  horny  fubftance,  which  when  burnt 
to  afnes  left  a fmall  quantity  of  afti  (much  lefs 
than  when  the  curd  is  prepared  from  fweet  milk 
by  rennet)  moft  of  wdiich  was  phofphat  of  llme. 

The  four  v/hey  was  then  carefully  analyzed 
in  the  following  manner.  Lime-water  was 
added  as  long  as  any  precipitate  fell  down, 
which  latter  was  colledted  and  calcined,  during 
which  it  gave  out  ammoniacal  oily  vapours, 
fliewing  the  prefence  of  an  animal  matter.  The 
calcined  refidue  treated  with  fulphuric  acid  gave 
fulphat  of  lime,  and  phofphoric  acid  was  found 
in  the  fupernatant  liquor.  By  evaporation  of 
this  laft  to  drynefs  and  calcination,  the  refidue 
aflumed  a red  colour,  and  on  adding  water  part 
was  difl'olved  and  a red  oxyd  of  iron  was  left. 
The  folution  depofited  by  reft  fome  cryftals  of 
fulphat  of  magnefia.  Hence  it  appears  that  the 
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vhey  contained  phofphat  of  lime  and  of  mag- 
nefia  along  with  fome  iron. 

The  whey,  after  the  precipitate  with  lime- 
water  had  been  removed,  was  then  treated  with 
oxalic  acid  and  evaporated  in  a retort  to  a fmall 
bulk  in  the  manner  deferibed  by  Scheele.  'I  he 
fluid  expelled  by  evaporation  was  collefted  and 
found  to  be  (lightly  four  and  fomewhat  empy- 
reumatic,  but  the  liquor  which  remained  in  the 
retort  was  reddifh-brown,  and  very  four,  and 
contained  by  far  the  greater  part  of  the  la6fic 
acid.  To  this  liquor  which  was  as  thick  as 
fyrup,  a large  quantity  of  ftrong  alcohol  was 
•added,  w'hith  caufed  the  feparation  of  a brown 
thick  vifeous  matter,  not  the  lead  acid,  foluble  in 
water,  giving  a precipitate  with  galls,  and  afford- 
ing carbonat  of  ammonia  by  diftillation.  By  ftand- 
ing  it  depofited  feme  fugar  of  milk.  It  there- 
fore confifted  of  fugar  of  milk  apparently  un- 
altered by  the  fouring  of  the  milk,  and  of  a 
peculiar  animal  matter.  The  alcoholic  folution 
was  highly  acid  and  of  a dark  red,  and  by  the 
frequent  boiling  it  had  acquired  a dark  colour 
and  empyreumatic  fmell.  The  alcohol  being 
diflilled  off  and  water  added,  the  liquor  was 
repeatedly  treated  with  fulphuric  acid  and  dif- 
tilled,  whereby,  on  the  one  hand,  there  was  a 
conftant  feparation  of  a bituminous  matter,  and 
on  the  other  a portion  of  perfedl  acetous  acid 
was  conftantly  obtained  by  diftillation.  By  this 
ingenious  method  the  whole  was  refolved  into 
acetous  acid  and  into  a peculiar  bituminous 
matter  diflblved  therein,  and  to  which  the  acid 
owes  thofe  properties  by  which  it  differs  from 
common  acetous  acid. 

From  thefe  and  other  refearches  by  the  fame 
diemifts,  it  appears  therefore  that  there  is  no 
fuch  diftinft  acid  as  the  laSHc  of  Scheele,  but 
that  it  is  acetous  acid  holding  in  folution  a 
quantity  of  animal  matter,  to  which  it  owes  the 
property  of  giving  a brown  precipitate  with 
galls,  a yellowllh-grey  with  nitrat  of  mercui-y, 
and  a brown  with  acetite  of  lead  5 and  from  the 
fame  caufe  alfo  it  gradually  darkens  in  colour 
and  depofits  a brown  matter  by  evaporation. 
The  above  chemifts  alfo  obferve  that  an  acid 
precifely  fimilar  to  the  lactic  is  produced  hy 
diflblving  gluten  in  vinegar,  by  fermenting  to- 
gether a mixture  of  fugar,  water  and  gluten, 
and  it  alfo  is  the  fame  as  the  fours  procured  in 
ftarch-making  by  the  fennentation  of  wheat  flour 
and  water. 

The  la£lic  acid  diluted  with  water,  and  long 
kept  in  a warm  place,  gradually  lofes  the  whole 
«a£  its  acidity,  depofits  a brown  matter,  acquires 


a fetid  fmell,  and  on  adding  lime  gives  out  am- 
moniacal  vapours.  The  fame  eftedts  are  alfo 
produced  by  a folution  of  gluten  in  vinegar. 

The  nature  of  this  animal  matter  which . by 
uniting  with  acetous  acid  forms  the  ladtic  acid 
of  Scheele,  is  not  precifely  afeertained.  It  is 
probably  the  chief  caufe  of  that  fpontaneous 
change  by  which  milk  turns  four,  and  largely 
contributes  to  form  the  acetous  acid  which  is 
then  generated,  but  it  Is  not  totally  decompofed 
by  the  acid  fermentation,  fince  the  acetous  acid 
when  formed  diffolves  a portion  of  It  for  a 
time,  and  thus  protedbs  it  from  further  change. 
This  matter  appears  alfo  to  differ  from  the  curd, 
fince  on  the  one  hand,  when  depofited  from  the 
ladfic  acid  by  evaporation.  It  fhews  no  refem- 
blance  to  curd  ; and  on  the  other  hand  a folu- 
tion of  curd  in  vinegar  will  not  be  difcoloured 
by  evaporation,  nor  can  it  be  brought  to  depofit 
any  fubftance  fimilar  to  the  other.  It  is  moft 
probable  therefore  that  gluten  muft  be  added  to 
the  conftituent  parts  of  milk. 

Milk  is  fufceptible  of  the  vinous  fermentation 
fo  as  to  be  made  to  yield  an  ardent  fpirit  by 
fubfequent  diftillation,  but  it  is  not  very  eafy  to 
ferment  milk,  and  it  always  turns  four  at  the 
fame  time.  The  Tartars  and  odier  Afiatic  na- 
tions have  been  from  time  immemorial  in  the 
habit  of  preparing  an  intoxicating  liquor  from 
mare’s  milk..  This  is  called  koumifs,  and  the 
procefs  is  thus  given  by  Dr.  Grieve.®  Take 
any  quantity  of  mare’s  ml-lk,  dilute  it  with  a 
fixth  of  water,  pour  it  into  a wooden  veffel,  and 
add  as  a ferment  about  one-eighth  of  very  four 
milk,  or  better,  of  old  koumifs,  cover  the  veffel 
with  a thick  cloth  and  keep  it  in  a moderate 
temperature.  After  (landing  twenty-four  hours, 
a thick  coagulum  rifes-to  the  top,  which  muft 
be  well  mixed  by  beating.  After  repofing  for 
another  day,  it  is  again  ftirred  till  it  becomes 
quite  homogeneous,  and  in  this  (late  it  forms 
rhe  koumifs,  which  has  an  agreeable  fweeti(h 
acefeent  tafte. 

Milk  in  the  (late  of  koumifs  does  not  eafily 
change  by  keeping.  By  diftillation  it  yields  a 
confiderable  quantity  of  alcohol,  as  much  (ac- 
cording to  Pallas)  as  one-third  of  its  bulk.  The 
entire  milk  appears  effential  to  the  produdlion 
of  ardent  fpirit,  as  well  as  frequent  agitation  to 
mix  the  conftituent  parts  which  the  acid  has 
caufed  to  feparate. 

The  fugar  of  milk  (which  is  never  abfent)  will 
naturally  be  looked  to  as  the  fource  of  the  alco- 
hol and  the  caufe  of  the  vinous  fermentation. 
But  Meffrs.  Fourcroy  and  Vauquelin  deny  this 
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to  be  tbe  cafe,  firft,  becaufo  pm'e  fugar  of  milk 
mixed  with  water  and  leaven,  and  expofed  to 
moderate  heat  will  not  ferment  as  common 
fugar  does,  nor  yield  any  alcohol : and  fecondly, 
becaufe  nearly  as  much  fugar  of  milk  is  found 
in  whey  thoroughly  foured  by  keeping,  as  in 
freOi  milk.  But  as  the  above  chemilfs  were 
not  able  to  procure  any  alcohol  from  milk  four- 
ed in  the  common  way,  it  is  obvious  that  it 
cannot  be  at  all  inferred  from  thence  that  the 
fugar  of  milk  is  not  decompofed  in  the  procefs 
that  does  form  alcohol  ; but  only  that  this  fub- 
ftance  does  not  appear  a£Hve  in  the  formation 
of  the  Ia£lic  (that  is,  the  acetous)  acid.  Neither 
does  it  at  all  follow  that  fugar  of  milk  is  not 
decompofed  in  entire  milk,  becaufe  when  pre- 
xdoufly  feparated  from  milk  it  cannot  then  be 
made  readily  to  ferment.  It  is  probable  on  the 
other  hand  that  both  the  acetous  and  the  vinous 
fermentations  are  going  on  at  the  fame  time  in 
milk  whilft  converting  into  koumifs,  and  that 
the  materials  for  thefe  two  procelTes  are  not  the 
fame  as  in  common  vinous  fermentation  (the 
acetous  being  there  chiefly  a continuation  of 
the  vinous  procefs),  but  are,  partly  at  lealt, 
diftinft,  the  gluten  contributing  chiefly  to  the 
acetous,  and  the  fugar  of  milk  to  the  vinous. 

Though  the  milk  of  different  animals  is  found 
to  be  effentially  the  fame  in  the  number  and 
chemical  nature  of  the  feveral  ingredients  (as 
far  as  has  been  examined),  yet  a very  confider- 
able  difference  is  found  in  the  proportion  of 
thefe  fubllances  and  in  fome  of  their  fenfible 
properties.  The  experiments  of  Parmentier  are 
particularly  curious  on  this  fubjefl.  The  kinds 
of  milk  that  he  exam.ined  were,  firft,  cow’s 
milk  as  a ftandard,  to  which  were  compared 
the  following,  viz.  woman’s,  affes’,  goat’s,  ewe’s 
and  mare’s  milk. 

Woman’s  milk  is  fweeter  than  cow’s,  and 
thinner,  but  it  is  of  all  others,  that  which  varies 
moil  according  to  the  ilate  of  body,  conftltu- 
tion,  age,  &c.  of  the  perfon  whence  it  is  drawn. 
The  cream  is  on  the  whole  more  copious  than 
of  common  cow’s  milk,  but  it  differs  peculiarly 
in  this,  that  neither  agitation  nor  any  other 
known  means  will  entirely  feparate  the  butter  ; 
the  utmoil  effedl  of  thefe  means  being  only  to 
give  the  whole  cream  fomewhat  of  an  undluous 
conflitence,  without  effe<£llng  any  reparation 
into  butter,  curd,  and  whey. 

Human  milk  alfo  depofits  part  of  Its  curd  by 
mere  reft,  which  is  found  flicking  to  the  fides 
of  the  vcflel  wdilch  holds  it.  Though  fweeter 
to  the  tafte  than  cow’s  milk  it  does  not  con- 
tain fenflbly  more  fugar. 


Affes’  milk  more  refembles  the  human  than 
any  other.  The  cream  is  in  fmall  quantity,  by 
agitation  it  gives  a butter  which  is  foft,  white, 
and  nearly  taftelefs.  It  foon  becomes  very 
rancid  ow'ing  probably  to  its  retaining  a portion 
of  the  acid.  By  Handing,  it  depofits  much  of 
the  curd  even  before  it  becomes  four. 

Goat’s  milk  is  very  thick,  yellowifh,  and 
pleafantly  flavoured.  It  is  fomewhat  denfer 
than  cow’s  milk.  The  cream  is  remarkably 
thick  and  un£tuous,  and  will  keep  a long  time 
without  growing  four  or  fenfibly  changing.  By 
agitation  it  gives  a very  firm,  folid,  and  white 
butter,  to  appearance  very  free  from  all  admix- 
ture. This  milk  alfo  abounds  in  curd,  fo  that 
when  heated,  a much  thicker  pellicle  rifes,  and 
when  coagulated  by  any  of  the  ufual  methods 
the  curd  is  fo  abundant  that  the  whey  is  with 
difficulty  feparable.  It  is  alfo  of  a very  gelati- 
nous denfe  confiftence.  The  fugar  of  milk  is 
fmall  in  quantity,  but  feparates  w'ith  eafe. 

Sheep’s  milk  refembles  cow’s  very  clofely  in 
tafte  and  appearance.  It  yields  abundance  of 
cream,  which  by  churning  affords  much  butter, 
but  which  always  remains  very  foft.  The  quan- 
tity of  curd  is  remarkably  large,  and  it  has  a 
very  fat  and  undluous  appearance,  and  a tafte 
which  is  peculiar  to  it,  and  is  always  very  dif- 
tinguifhable  in  ewe-milk  cheefe. 

Mare’s  milk  is  thin  and  infipid,  and  does  not 
coagulate  with  vinegar.  It  is  remarkable  for  the 
fmall  quantity  of  cream  which  it  gives  and  the 
extreme  difficulty  of  feparating  the  butter  from  it 
by  agitation.  The  whey  contains  fulphat  of  lime, 
which  has  not  been  found  in  any  other  milk. 

The  above-mentioned  fpecies  of  milk  all  re- 
refemble  each  other  effentially  in  the  number 
and  general  chemical  nature  of  the  ingredients, 
but  great  diverfity  appears  in  their  refpeclive 
proportion,  and  apparently  in  the  mode  of  mix- 
ture. Thus  with  regard  to  the  cream,  cow’s 
and  fheep’s  milk  yield  it  eafily  by  repofe.  Its 
confiftence  is  greater  than  in  the  others,  and 
the  butter  feparates  more  perfe<flly.  There  is 
an  equal  difference  In  the  confiftence  of  the 
curd,  that  from  cow’s  and  fheep’s  milk  being 
denfe,  and  readily  feparating  by  the  ufual  coa- 
gulating fubllances,  but  the  curd  from  afs’s  and 
mare’s  milk  always  remains  thin,  and  almoft  of 
a creamy  confiftence.  The  only  general  agree- 
ment which  the  authors  of  thefe  experiments 
have  been  able  to  make  on  this  fubjetT,  is  that 
where  the  curd  is  tough  and  gelatinous,  the 
butter  Is  readily  feparable  from  the  cream,  and 
all  the  conftituent  parts  jof  the  milk  are  more 
-eafily  obtained  by  chemical  means.. 
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MINERALIZER  Is  any  fubftance  found  in 
natural  combination  with  a metal.  Thus  lead 
is  faid  to  be  mineralized  by  fulphur,  when  com- 
bined with  it  in  the  native  fulphuret  or  galena. 

MINIUM.  See  Lead,  ( Oxyds  of). 

MISPICKEL.  See  Arsenic,  ( Ores  of). 
MOONSTONE  or  ADULARIA.  See  Fel- 
spar. 

MOORSTONE.  See  Granite. 

MORDANT.  See  Dying,  ( Art  of). 

MORTAR.  See  Cements  calcareous. 

MORTAR  (Chemical  inftrument).  See  the 
Appendix. 

MOSAIC  GOLD.  See  Tin. 

MOTHER  OF  PEARL.  See  Shell. 

MOTHER-WATER  Is  the  uneryftallizable 
refidae  of  a compound  faline  folution.  For 
further  particulars  fee  the  article  Crystalli- 
zation. 

MOLYBDENA.  Molybdan,  Germ.  Molyb- 
dene,  Fr. 

Molybdena  is  a metal  of  a greylfh  white  co- 
lour, in  the  form  of  brittle  infufible  grains.  It 
is  convertible  to  a yellowilh  white  oxyd  by  ex- 
pofure  to  the  air  at  a red  heat,  or  by  the  a£lion 
of  nitric  acid. 

§ I . Ores  of  Molybdena. 

Sp.  I.  Molybdena,  or  Sulphuret  of  Molyb- 
dena. PVafferbleyy  Wern.  Molybdene  fulfurey 
Broch. 

Its  colour  is  nearly  that  of  frefh  cut  metallic 
lead.  It  occurs  malTive,  diflemlnated,  and  rarely 
cryllallized.  Its  primitive  figure  Is  a ftrait 
prifm  with  rhomboidal  bafes,  the  alternate  an- 
gles of  which  meafure  6o°  and  120°.  It  alfo 
occurs  in  fliort  regular  hexahedral  prifms,  the 
bafes  of  which  are  fometimes  terminated  by 
fhort  hexahedral  pyramids : fometimes  alfo  the 
intervening  prifm  is  wanting,  the  pyramids  at 
the  fame  time  being  deeply  truncated.  The 
cryflals  are  fmall  or  middle-fized,  and  are  al- 
■<.vays  implanted.  Internally  it  is  more  or  lefs 
Alining  with  a metallic  luftre ; its  fra£l:ure  is 
curved  and  fometimes  radiating  lamellar.  Its 
fragments  are  indeterminate  and  blunt  edged, 
or  in  irregular  laminae.  It  occurs  in  granular 
diftin£t  concretions.  It  is  opake,  ftains  the 
fingers,  leaves  Alining  traces  when  drawn  over 
paper ; is  very  foft  and  eafily  divifible  in  the 
direction  of  its  laminae ; is  fectile,  eafily  frang- 
ible, flexible  but  not  elaAic,  and  is  uncTuous 
to  the  touch.  Sp.  gr.  4.56  to  4.73. 

It  is  infufible  before  the  blowpipe  but  exhales 
a fulphureous  odour:  at  a very  high  heat  it 
melts,  gives  out  white  fumes  and  burns  with  a 
blue  flame ; by  a long  continuance  of  the  heat 
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it  is  converted  into  a mafs  of  yellow  and  delicate 
needleform  cryAals. 

Its  conftituent  parts  are  probably  fulphur  and 
metallic  molybdena,  but  the  proportions  have 
not  yet  been  afcertained  with  much  accuracy. 

According  to  Pelletier  it  confifts  of 
Molybdic  acid  - - 45 
Sulphur  - - - - 55 
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Some  of  the  early  experiments  of  Klaproth 
induced  him  to  Rate  its  ingredients  at 
Molybdena  - - - 60 

Sulphur  - - - - 40 
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Laftly,  Lampadius  has  analyzed  this  mineral, 
and  finds  it  to  be  compofed  of 


Molybdena  - - - 76 
Sulphur  - - - - 23 
Iron  -----  I 
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Molybdena  occurs  diflemlnated  or  In  veins,  in 
primitive  mountains  accompanied  by  tinAone, 
wolfram,  quartz,  mica,  and  rarely  with  native 
arfenic,  heavy  fpar,  fluor  fpar,  and  topaz.  It  is 
found  at  Hitterdahl  and  Arendahl  in  Norway ; 
BaAnaes  in  Sweden  j Altenberg  and  Zinwald 
in  Saxony ; Mont  Blanc  in  Switzerland. 

Sp.  2.  Molybdat  of  Lead.  Yellow  Lead- 
fpar.  Gelbes  Bleyerz,  Wern.  Plomb  jaune^ 
Broch.  Plomb  Molybdate^  Hauy. 

The  ufual  colour  of  this  mineral  is  wax  yel- 
low, which  paffes  either  to  lemon  or  orange- 
yellow  or  fometimes  to  a dirty  honey-yellow.. 
It  occurs  for  the  moA  part  cryAallized,  very 
rarely  maffive.  Its  primitive  figure  is  a redlan- 
gular  odtohedron  with  ifofceles  triangular  faces : 
the  incidence  of  the  faces  of  one  pyramid  on 
the  correfponding  ones  of  the  other  is  76°  40'. 
The  other  varieties  of  form  that  it  exhibits  are, 

1.  The  primitive  o£l:ohcdron  with  either  all 
the  folid  angles  or  only  the  two  vertical  ones 
replaced  by  quadrilateral  prifms. 

2.  The  fame  as  the  preceding,  with  the  la- 
teral edges  of  the  pyramids  replaced  by  narrow 
triangular  faces,  and  therefore  the  four  fecond- 
ary  faces  round  the  common  bafe^  of  the  pyra- 
mids are  not  quadrilateral  but  hexagonal  planes. 

3.  A redlangular  parallelepiped  fometimes 
fo  thin  as  to  be  tabular,  fometimes  approaching 
to  the  cube. 
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4.  JThe  cuboidal  preceding  variety  with  its 
terminal  edges  replaced  by  rather  narrow  qua- 
drilateral planes. 

5.  An  eight-fided  table. 

6.  A twelve-fided  table. 

The  tabular  varieties  are  for  the  mold  part 
broad  and  thin  and  interfe£d  each  other  in  va- 
rious directions,  thus  giving  the  whole  mafs  a 
cellular  appearance.  Externally  it  is  fmooth 
and  fhining  ; internally  it  is  gliftening  and  refi- 
nous.  Its  fraCture  is  fmall  grained  uneven, 
paffing  into  imperfeCtly  lamellar  and  fmall  con- 
choidal.  Its  fragments  are  indeterminately  an- 
gular, moderately  fliarp-edged.  It  is  tranlla- 
cent,  foft,  rather  brittle,  and  eafily  frangible. 
Sp.gr.  5.09. 

Before  the  blowpipe  It  decrepitates  and  then 
fufes  into  a dark  grey  mafs  in  which  globules  of 
reduced  lead  are  perceptible ; with  a fmall  pro- 
portion of  borax  it  forms  a brownifh  yellow 
globule,  but  if  a larger  quantity  of  borax  is 
employed  the  refult  is  a blue  or  greenifh  blue 
glafs. 

It  has  been  analyfed  by  Klaproth,  Hatchett, 
and  Macquart,  with  the  following  refults. 


Klapr. 

Hatch. 

Macq. 

Molybdic  acid  - 

34.25 

- 38- 

— 28. 

Oxyd  of  lead  - 

64.42 

— 58.4 

— 63.5 

Oxyd  of  iron  - 

0 

— 2.08 

— 0 

Carbonat  of  lime 

0 

— 0 

— 4.5 

Silex  - - - 

0 

— 0.28 

■—  4- 

98.67 

98.76 

100.0 

This  mineral  was  firft  met  with  at  Villach  in 
Carinthia,  in  compaCd  lime-ftone  accompanied 
by  calcareous  fpar,  molybdena,  galena  and  other 
lead  ores,  calamine,  blende  and  fluor  fpar.  It 
has  fince  been  found  at  Freudenftein  in  Saxony, 
Annaberg  in  Auftria,  and  Reezbanya  in  Hun- 
gary. 

§ 2.  y^J/ay  and  Anal'ijis. 

The  moll  ufual  method  of  decompofmg  the  ful- 
phuret  of  molybdena  is  by  detonation  with  nitre  ; 
but  by  this  means  the  molybdic  acid  becomes 
fo  intimately  combined  with  potafh  as  to  render 
it  extremely  difficult  by  fubfequent  operations 
to  obtain  it  pure.  The  beft  mode  of  proceeding 
therefore  appears  to  be  the  following. 

a.  To  one  part  of  finely  pulverized  molyb- 
dena add  four  or  five  parts  of  moderately  diluted 
nitric  acid,  and  diftil  the  mixture  nearly  to 
drynefs  ; then  return  the  contents  of  the  receiver 
into  the  retort,  add  feme  more  nitric  acid  and 
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proceed  a fecond  time  to  diftillation ; repeat 
this  for  three  or  four  times  till  the  infoluble 
matter  in  the  retort  is  as  white  as  chalk.  Now- 
pour  off  the  fupernatant  fluid  and  waffi  the 
white  matter  repeatedly  In  warm  water,  adding 
the  waffiings  to  the  other  fluid. 

h.  Evaporate  the  refidual  fluid  to  a moderate 
degree  of  concentration,  and  then  pour  in  am- 
monia ; the  firft  portions  will  occafion  a pre- 
cipitation, but  by  adding  more  ammonia  and 
affilling  the  procefs  by  a gentle  warmth,  the 
whole  precipitate  will  be  re-difiblved ; then  drop 
in  ftrong  nitric  acid  to  compleat  faturation  of 
the  alkali,  and  a white  precipitate  will  fall 
down,  which  is  to  be  feparated  by  the  filter 
and  wafhed  in  warm  water. 

c.  The  refidual  fluid  with  the  walhings  being 
mixed  together  now  contains  ammonia  com- 
bined with  nitric  and  fulphuric  acids,  the  latter 
of  which  arlfes  from  the  oxygenation  of  the 
fulphur  in  the  ore.  NItrat  of  barytas  being 
dropped  in,  a precipitation  of  fulphated  barytes 
takes  place,  from  the  amount  of  which  the 
quantity  of  fulphur  in  the  ore  is  readily  in- 
ferred. 

d.  The  white  matter  obtained  in  procclTes  « 
and  by  which  is  molybdic  acid  with  a little  oxyd 
of  iron,  muft  now  be  diflblved  in  ftrong  ful- 
phuric acid,  and  the  folution  fubfequently  diluted 
with  16  times  its  weight  of  water;  ammonia 
being  now  cautioufly  added  to  perfedl  faturation 
the  iron  will  gradually  fall  ^wn  in  the  ftate  of 
yellow  oxyd. 

e.  The  clear  liquor  of  the  preceding  procefs 
being  evaporated  to  drynefs,  the  fait  thus  pro- 
cured is  to  be  ftrongly  heated  in  a glafs  veflel 
till  all  the  fulphat  of  ammonia  is  expelled ; what 
remains  behind  is  a black  bliftered  mafs,  which 
by  abftra£lion  with  nitric  acid  is  converted  into 
a yellow  powder,  which  is  pure  molybdic  acid. 

The  only  material  objeftion  to  this  method 
of  analyfis  is  that  the  molybdena  exifts  in  its 
metallic  ftate  in  the  ore,  but  is  obtained  in  the 
analyfis  in  the  ftate  of  acid  ; and  as  the  amount 
of  oxygen  in  molybdic  acid  has  not  yet  been 
afeertained,  this  analyfis  is  at  beft  only  an  ap- 
proximation to  a true  knowledge  of  the  ingre- 
dients of  this  ore,  fo  long  as  we  remain  ignorant 
of  the  compofition  of  molybdic  acid. 

The  molybdat  of  lead  has  been  analyfed  fatlf- 
faftorily  by  Mr.  Elatchett  * in  the  following 
manner. 

a.  The  ore,  previoufly  reduced  to  fine  pow- 
der, was  digefted  three  feveral  times  at  a ftrong 
heat  with  fulphuric  acid,  which  dilTolved  out 
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the  iron  and  molybdic  acid,  leaving  the  filex  and 
lead  (in  the  ftate  of  fulphat)  behind. 

b.  The  fluid  was  fubjedted  to  the  fame  pro- 
cefs  as  that  defcribed  in  paragraphs  d and  e of 
the  preceding  analyfis,  by  which  the  oxyd  of 
iron  and  molybdic  acid  were  feparated  from 
each  other  and  obtained  in  a flate  of  purity. 

c.  The  white  refidue  of  procefs  a was  boiled 
with  carbonat  of  foda,  and  being  afterwards 
well  edulcorated  was  digefted  in  very  dilute 
nitric  acid ; the  carbonat  of  lead  was  dilTolved 
with  efiervefcence,  leaving  behind  the  filex  in 
the  form  of  a white  powder. 

d.  The  nitrat  of  lead  was  decompofed  by 
fulphuric  acid,  and  after  the  fulphat  of  lead 
had  been  thus  feparated,  the  refidual  fluid,  after 
faturation  with  ar^monia,  depofited  a minute 
portion  of  oxyd  of  iron. 

§.  3.  ReduElion  of  Ores. — Ph'ftcal properties  of 
Reguline  Molybdetta. 

As  molybdena  is  a metal  that  has  not  hitherto 
been  applied  to  any  ufe,  fo  there  has  been  no 
attempt  in  the  great  way  to  reduce  its  ores. 
The  compleat  decompolition  of  the  acid  or  oxyd 
of  this  metal,  has  however  been  undertaken  by 
various  chemifts,  and  for  the  moft  part  with 
but  little  fuccefs.  The  chief  caufe  of  failure 
feems  to  have  been  that  the  fubftance  operated 
on,  inftead  of  being  the  pure  metallic  acid,  has 
alfo  contained  a portion  of  fixed  alkali,  which 
by  its  affinity  for  the  acid  moft  powerfully  op- 
pofes  its  deoxydation.  The  method  that  as 
yet  has  been  attended  with  the  moft  fatisfacfory 
refults  is  that  publiffied  by  Hielm.  The  acid 
being  made  into  a pafte  with  linfeed  oil,  is  to 
be  expofed  to  a llrong  heat  in  a covered  crucible ; 
being  then  withdrawn  from  the  fire,  the  black 
mafs  is  to  be  pulverized  and  again  mixed  with  oil, 
■and  torrefied  as  before  •,  ty  repeating  this  two 
or  three  times  the  molybdena  is  compleatly  re- 
duced, and  alTumes  its  proper  metallic  luftre. 
It  appears  highly  probable  that  the  method 
which  has  been  fuccefsfully  praefifed  in  the  re- 
dudtion  of  tunftic  acid,  would  be  equally  effica- 
cious with  the  molybdic  acid.  It  is  the  follow- 
ing. Let  the  pure  molybdic  acid  be  combined 
with  as  much  ammonia  as  poffible,  and  then 
expofed  to  an  intenfe  heat  in  a crucible  lined 
with  charcoal  : the  ammonia  would  be  decom- 
pofed, and  its  hydrogenous  bafe  together  with 
the  charcoal,  would  probably  carry  off  the  whole 
of  the  oxygen  from  the  metal. 

Molybdena  in  the  only  ftate  in  which  it  has 
hitherto  been  procured,  is  a very  loofely  ad- 
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hering  aggregate  of  minute  grains  of  a yellowifb 
white  colour  and  metallic  luftre.  When  re- 
cently broken  it  exhibits  a greyifh  white  colour. 
It  is  hard,  very  brittle,  and  difficultly  fufible. 
Sp.  gr.  7.5. 

§.  4.  Chemical  Properties. 

Moft  of  the  chemical  properties  of  molybdena 
have  been  afeertained  by  experiments  on  the 
native  fulphuret ; thefe  we  fliall  firft  mention, 
and  then  notice  thofe  of  which  the  pure  regulus 
has  been  the  fubjedf. 

If  the  native  Sulphuret  of  Molybdena  is  expofed 
to  the  continued  adflon  of  a low  red  heat  with 
accefs  of  air,  the  fulphur  is  burnt  oflT,  and  the 
metal  is  changed  to  a greyifh  white  oxyd,  of 
which  a part  is  volatilized  in  the  form  of  a 
white  vapour.  If  the  fame  experiment  is  per- 
formed in  a wide  earthenware  tube  pafled 
through  a furnace,  and  heated  confiderably 
higher  than  in  the  former  cafe,  the  fulphur  is 
burnt  off,  and  the  metal  in  proportion  as  it  is 
oxydated  aflumes  the  ftate  of  vapour,  which 
condenfes  in  the  cooler  parts  of  the  tube  into 
flender  needleform  cryftals  of  a brilliant  filvery 
white  colour,  exceedingly  fimllar  in  external 
appearance  to  the  argentine  flowers  of  anti- 
mony. Thefe  cryftals  have  a four  metallic 
tafte  and  are  molybdic  acid. 

Nitric  acid  by  repeated  digeftion  on  fulphuret 
of  molybdena  is  itfelf  decompofed,  and  converts 
both  the  fulphur  and  metal  into  acids  ; the 
latter  aflumes  the  form  of  very  minute  white 
cryftals  : by  expofing  the  mafs  to  a^eat  below 
rednefs  in  an  earthen  crucible,  the  laft  portions 
of  nitric  acid  and  nearly  the  whole  of  the  ful- 
phuric are  driven  off",  and  by  fubfequent  wafli- 
ing  in  water,  the  remainder  of  the  fulphuric  acid 
is  got  rid  of,  fo  that  the  molybdic  acid  remains 
pure.  Oxymuriatic  acid  has  a fimilar  efleft  to  that 
of  the  nitric,  but  no  other  acid  except  the  arfenic 
exerts  any  action  on  molybdena.  When  this  lat- 
ter acid  in  a folid  ftate  is  ftrongly  heated  in  contact 
with  molybdena,  a quantity  of  fulphureous  acid 
is  produced,  the  arfenic,  acid  is  converted  into 
white  oxyd  and  orpiment,  a part  alfo  being  often 
reduced  to  the  metallic  ftate  j what  remains  in 
the  retort  is  a black  ffiimng  mafs  apparently 
confifting  of  reguline  molybdena  : hence  it  may 
be  inferred  that  the  action  of  the  arfenic  acid  is 
confined  merely  to  the  fulphureous  part  of  the 
ore.  ** 

Cauftic  fixed  alkali  unites  by  fufion  with  mol- 
ybdena into  an  uniform  mafs  of  a greenifli  colour, 
extremely,  deliquefeent  and  totally  foluble  In 
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v/ater ; the  folution  exhales  an  hepatic  odour, 
and  on  the  addition  of  muriatic  acid  a copious 
black  precipitate  falls  down  without  any  ful- 
phuretted  hydrogen  being  difengaged.  This 
black  matter  is  confidered  by  chemifts  as  rege- 
nerated fulphuret  of  molybdena,  but  from  the 
circumftances  of  the  experiment  appears  to  be 
a hydroguretted  fulphuret. 

If  nitre  and  molybdena  in  the  proportion  of 
two  parts  of  the  former  to  one  of  the  latter  be 
detonated  together,  there  will  be  produced  ful- 
phat  of  potafh  and  molybdat  of  potafli  with 
excefs  of  bafe,  which  is  often  miftaken  for 
pure  molybdic  acid. 

The  fadfs  hitherto  obferved  concerning  regu- 
Vrne  molybdena  are  but  few  in  number  and 
exadlly  analogous  to  thofe  that  have  been  juft 
now  mentioned  relating  to  the  fulphuret.  It  is 
oxydable  by  continued  expofure  to  air  at  a red 
heat ; it  decompofes  nitric  and  oxymuriatic 
acids,  and  is  itfelf  at  the  fame  time  oxydated 
and  acidified.  When  mixed  with  cauftic  fixed 
alkali  and  fufed,  an  inflammable  gas  is  given 
out,  the  metal  is  acidified  and  combines  with 
the  alkali.  When  mixed  with  fulphur  and  ex- 
poled  to  a low  red  heat  in  a retort,  part  of  the 
fulphur  is  volatilized  and  the  refidue  combines 
with  the  metal  into  a fubftance  exadlly  refem- 
bling  the  native  fulphuret.  It  is  alfo  capable 
of  uniting  with  phofphorus.  It  forms  friable 
alloys  with  iron,  copper,  and  filver,  the  pro- 
perties of  which  have  not  yet  been  examined. 

Molybdic  acidy  when  prepared  according  to  the 
method  deferibed  in  §.  2,  is  a lemon-yellow 
powder  of  the  fp.  gr.  of  3.4;  to  the  tafte  it  is 
acid  and  metallic.  When  heated  in  a clofe 
veflTel  it  melts,  and  on  cooling  concretes  into  a 
ftriated  yellow  mafs  ; in  an  open  veflei  it  is 
volatilized  in  the  form  of  a white  vapour,  which 
as  it  depofits  on  cool  furfaces  cryftallizes  in 
filvery  needles.  With  borax  it  forms  a brownifti- 
yellow  glafs,  and  with  microcofmic  fait  a glafs, 
which  in  proportion  to  the  acid  employed  varies 
from  greenifli  to  Iky  blue. 

It  is  foluble  in  about  1000  times  its  weight 
of  diftilled  water ; the  folution  is  of  a pale 
yellow  coiour,  with  fcarcely  any  perceptible 
flavour ; but  it  reddens  litmus  paper.  Nitrat 
of  lead  is  decompofed  by  it,  and  a yellow  info- 
luble  precipitate  falls  down  which  is  molybdat 
of  lead. 

Nitrat  of  barytes  is  rendered  flightly  turbid 
by  it  ; but  nitrat  of  lime  undergoes  no  change. 
Prufliat  of  potalh  produces  no  vifible  efredt,  but 
if  a few  drops  of  any  of  the  mineral  acids  are 


added,  a copious  brown  precipitate  of  prufliated 
molybdena  immediately  falls  down.  With 
munat  of  tin  it  immediately  alTumes  a beautiful 
deep  blue  tinge.  The  folution  receives  a fimi- 
lar  but  fainter  tinge  by  being  boiled  with  filings 
of  any  of  the  eafily  oxydable  metals. 

Concentrated  fulphuric  acid  dilTolves  at  a 
boiling  heat  a confiderable  quantity  of  molybdic 
acid : the  folution  while  hot  is  colourlefs,  but 
as  it  cools  acquires  a fine  blue  colour  and  be- 
comes thick.  From  this  compound,  when  diluted 
with  water,  pruflfiat  of  potafii  throws  down  a 
reddiflr-brown  precipitate.  Muriat  of  tin  pro- 
duces no  effedl  upon  it.  When  diftilled  to 
drynefs,  the  fulphuric  acid  palTes  over  and  the 
molybdic  acid  remains  pure.  If  to  this  ful- 
phuric folution  cauftic  foda  be  added  to  fatu- 
ration,  the  blue  colour  is  rendered  more  intenfe 
and  the  molybdic  acid  feems  to  unite  with  the 
alkali  in  two  different  proportions  ; the  neutral 
molybdat  of  foda  remains  , in  folution,  and  a 
white  precipitate  falls  down,  confifting  appa- 
rently of  foda  with  excefs  of  molybdic  acid. 
The  folution  is  not  decompofable  by  pruffiated 
potafli,  but  is  changed  to  a deep  blue  by  muriat 
of  tin.  If  however  the  folution  be  flightly  acidu- 
lated, muriat  of  tin  produces  no  change,  but 
pruffiat  of  potafh  occafions  a copious  brown 
precipitate. 

Molybdic  acid  when  boiled  with  ftrong  mu- 
riatic acid  is  diflblved  in  confiderable  proportion 
forming  a yellowifh-green  fluid.  In  its  habi- 
tudes with  muriat  of  tin  and  pruffiat  of  potafff, 
both  before  and  after  faturation  with  alkali,  it 
exadfly  refembles  the  fulphuric  folution  already 
deferibed.  When  diftilled  to  drynefs,  the  mu- 
riatic acid  pafTes  over  oxygenated,  and  the  refi- 
due in  the  retort  is  of  a greyifh  blue  colour : 
feme  white  and  bluifli  flowers  commonly  rife 
at  the  fame  time ; they  are  confiderably  deli- 
quefeent  and  confift  of  molybdic  oxyd  with 
muriatic  acid. 

Nitric  acid  has  no  effedf  on  molybdic  acid. 

If  a folution  of  carbonat  of  potafh  is  boiled 
with  molybdic  acid,  carbonic  acid  is  difengaged 
and  the  molybdic  acid  is  diflblved  •,  in  propor- 
tion however  as  this  goes  on,  a white  flocculent 
matter  falls  down.  The  liquor  contains  alka- 
line molybdat  of  potafli,  which  is  not  decom- 
pofed by  pruffiat  of  potafh  or  changed  to  a blue 
colour  by  muriat  of  tin,  except  the  excefs  of 
alkali  is  fomewhat  more  than  neutralized  by 
the  addition  of  fome  of  the  mineral  acids.  The 
white  flocculent  precipitate  is  probably  acidu- 
lous molybdat  of  potafh,  which  by  digeftion  in 
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nitric  acid  is  reconverted  into  tlie  yellow  acid 
in  confequence  of  the  lofs  of  the  greateft  part,  if 
not  the  whole,  of  its  alkali. 

If  carbonat  of  foda  and  molybdic  acid  are 
boiled  together,  a difengagement  of  carbonic 
acid  takes  place,  and,  in  proportion  as  the  mo- 
lybdic acid  is  diflblved,  a white  flocculent  pre- 
cipitate is  depofited.  The  adlion  of  muriat  of 
tin  and  pruffiat  of  potafli  upon  the  clear  liquor 
is  precifely  the  fame  in  this  cafe  as  in  the  pre- 
ceding. By  gentle  evaporation  the  alkaline 
molybdat  of  foda  may  be  made  to  cryftaliize  in 
four-fided  tables. 

Molybdic  acid  is  taken  up  in  greater  quantity 
by  carbonat  of  ammonia  than  by  the  fixed  alka- 
lies, and  fcarcely  any  precipitate  falls  during 
the  folution.  It  is  affefted  by  pruffiat  of  potalh 
and  muriat  of  tin,  in  the  fame  manner  as  the 
preceding  falts.  By  diflillation  to  drynefs  the 
ammonia  is  decompofcd,  and  the  molybdic  acid 
is  in  confequence  fo  far  deoxygenated  as  to  be 
converted  into  a grey  oxyd. 

Molybdic  acid  appears  to  have  a ftrong  affi- 
nity for  that  portion  of  alkali,  whether  potafh 
or  foda,  which  is  requifite  for  the  conftitution 
of  the  acidulous  molybdat : hence  it  is  that  not 
only  nitre  but  even  fulphat  of  potafli  is  in  part 
decompofed  by  diflillation  at  a full  red  heat 
with  molybdic  acid,  a little  nitrous  acid  in  one 
cafe  and  fulphuric  acid  in  the  other  paffing  over 
into  the  receiver.  If  muriat  of  foda  is  treated 
in  the  fame  manner,  oxymuriatic  acid  is  given 
out  and  a portion  of  the  molybdic  acid  is  con- 
verted to  the  blue  oxyd.  But  if  inflead  of  the 
pure  acid  the  acidulous  molybdat  (produced 
from  the  detonation  of  nitre  with  the  fulphuret 
of  molybdena)  be  employed,  no  decompofition 
of  the  above  neutral  falts  will  take  place. 

Molybdic  acid  is  decompofable  even  In  the 
moifl  way  by  hydrogen.  For  this  purpofe  let  a 
vial  be  filled  with  a folution  of  the  acid  in  water 
and  throw'  up  hydrogen  gas,  till  nearly  half  of 
the  liquor  is  difplaced,  then  cork  the  vial  and 
fhake  it  well ; in  a fhort  time  the  dilute  yellow 
colour  of  the  folution  will  change  to  blue,  thus 
indicating  a deoxygenation  of  the  acid. 

Sulphur,  charcoal,  and  other  combuftible  fub- 
ftances  alfo  decompofe  the  molybdic  acid-,  when 
the  former  is  made  ufe  of,  part  cf  the  fulphur  is 
converted  into  •fulphureous  acid,  and  the  re- 
mainder combines  with  the  reduced  molybdena 
into  a black  matter  perfedflly  analogous  to  the 
native  fulphuret. 

The  cfiffercnt  proportions  of  oxygen  with 
which  molybdena  is  capable  of  uniting  have  not 
hitherto  been  afeertained.  According  to  Mr, 


Hatchett  this  metal  has  four  dlftin<fl:  ftates  of 
oxygenation  : when  at  the  highefl  it  is  of  a yel- 
low colour  and  is  the  pure  molybdic  acid  ; the 
next  flep  of  the  defeending  feries  is  the  green 
oxyd  or  molybdenous  acid  produced  by  diflblv- 
ing  the  yellow  acid  in  muriatic  acid ; to  this 
fucceeds  the  blue  oxyd  produced  by  the  action 
of  muriat  of  tin  on  either  of  the  two  former ; 
and  lall  of  all  is  the  black  oxyd  formed  by  heat- 
ing molybdic  acid  with  charcoal,  yet  not  fo  as 
entirely  to  bring  it  to  the  metallic  flate. 

Neither  the  metal  nor  any  of  its  preparations 
are  made  any  ufe  of. 

MOUNTAIN  BLUE.  See  Copper,  p,  321. 
MOUN  TAIN  GREEN.  See  Copper,  p.  322.. 
MOUNTAIN  CORK.  See  Asbest. 

MUCILAGE.  l)er  Schlelme.  Germ. 

Vegetable  mucilage  is  contained  in  every  plant 
that  has  been  hitherto  analyzed,  in  fome  parts 
more  abundantly  than  in  others,  and  the  quan- 
tity alfo  varies  confiderably  according  to  the  age 
and  other  circumflances  of  tlie  vegetable.  It 
appears  to  be  one  of  the  elementary  vegetable 
conflituents,  and*probably  by  its  decompofition 
in  the  organs  of  the  plant  it  is  converted  into 
other  fubftances,  fince  it  often  is  extremely 
abundant  in  the  earlier  age  of  the  plant,  and 
leflens  as  other  principles  are  elaborated. 

The  effential  chemical  properties  which  cha- 
rablerlze  mucilage,  are  the  following;  it  is 
infipid,  highly  foluble  in  water,  giving  it  a thick 
clammy  appearance  and  feel,  infoluble  in  alco- 
hol, not  coagulated  by  a boiling  heat,  not  cry- 
ftallizable,  and  after  the  watery  folution  has  been 
evaporated  to  drynefs  it  Is  again  foluble  in  water 
without  having  undergone  any  material  change. 

Thefe  are  the  dlflinguifliing  properties  of 
mucilage  in  its  prefent  flate,  to  which  it  may 
be  added  that  when  pure  and  diflblved  in  water, 
it  does  not  readily  undergo  any  fpontaneous 
change.  After  a wdiile  indeed  it  becomes  mouldy 
and  lomewhat  four,  but  it  is  very  flowly  altered 
by  this  procefs.  When  heated  to  ignition  it 
fwells  and  loftens,  becomes  yellow^,  brown,  and 
black,  and  exhales  a denfe  vapour  w'hich  has  a 
pungent  acid  fmell,  and  burns  with  much  flame, 
and  a foft  fpongy  coal  is  left. 

Mucilage  is  fometimes  found  nearly  pure, 
exfuding  from  the  bark  and  twigs  of  many  vege- 
tables, by  natural  and  artificial  clefts,  and  hard- 
ening in  the  fun  into  brittle  nearly  tranfparent 
roundifli  lumps.  In  this  flate  it  may  be  called 
Gum  Mucilage. 

• The  pureit  of  the  gum-mucilages  is  Gum- 
Arabic  or  Senegal,  which  forms  a very  valuable 
article  of  commerce  to  the  countries  that  yield 
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it.  An  Inferior  fort  of  gum  for  the  purpofes  of 
manufatfure,  but  clofely  refembling  Gum- 
Arabic  in  every  property,  is  that  which  exfudes 
from  cracks  in  plumb,  peach,  pear,  and  other 
fruit  trees,  and  has  generally  the  colour  of  am- 
ber. Befides  thefe  fourccs  of  gum-mucilage 
tliere  are  many  vegetables  whofe  native  juices 
fo  mueh  abound  with  mucilage  that  a confide- 
xably  pure  and  folid  gum  may  be  obtained  by 
fimple  decoction  of  the  plant  and  evaporation 
to  drynefs.  Several  of  the  lichens,  the  leaves 
of  the  comfrey  and  mullen,  the  root  of  the  hare- 
bell, and  the  whole  plant  of  the  marfli-mallow, 
afford  a good  mucilage  in  this  method. 

We  fhall  firft  give  a fhort  account  of  the 
gathering  of  the  Gum-Senegal,  * before  w'e 
proceed  to  the  chemical  properties  of  mucilage. 
The  Gum-Arabic  is  obtained  in  a fimilar  man- 
ner, and  Cairo  and  Alexandria  were  the  princi- 
pal marts  for  this  gum,  till  the  Dutch  introduced 
the  gum  from  Senegal  into  Europe,  about  the 
beginning  of  the  feventeenth  century,  and  which 
now  fupplies  the  greater  part  of  the  vaft  con- 
fumption  of  this  article.  * 

The  tree  which  yields  this  gum  is  a fpecies 
of  mimofa,  which  grow  abundantly  on  the  fands 
along  the  whole  of  the  Barbary  coaft,  and  parti- 
cularly about  the  river  Senegal.  There  are 
feveral  fpecies,  fome  of  which  yield  a red  aflrin- 
gent  juice,  which  when  infpilfated  forms  the 
Catechu,  but  others  afford  only  a pure  nearly 
colourlefs  infipid  gum,  which  is  the  great  article 
of  commerce.  Thefe  trees  are  from  i8  to  2o 
feet  high,  with  thorny  branches.  The  gum 
makes  its  appearance  about  the  middle  of 
November,  when  the  foil  has  been  thoroughly 
faturated  with  the  periodical  rains.  The  gum- 
my juice  is  feen  to  ooze  through  the  trunk  and 
branches,  and  in  about  a fortnight  it  hardens 
into  roundifh  drops  of  a yellowifh-white,  which 
are  beautifully  brilliant  where  they  are  broken 
off,  and  entirely  fo  when  held  in  the  mouth  for 
a flrort  time  to  diffolve  the  outer  furface.  No 
clefts  are  made  nor  any  artificial  means  ufed  by 
the  Moors  to  folicit  the  flow  of  the  gum.  The 
lumps  of  Gum-Senegal  are  ufually  about  the 
fize  of  partridge  eggs,  and  the  harvefl  continues 
about  fix  weeks.  The  quantity  annually  fold 
out  of  the  Senegal  country  for  European  con- 
fumption  is  about  twelve  hundred  thoufand 
pounds  weight. 

This  gum  is  alfo  a very  wholefome  and  nutri- 
tious food,  thoufands  of  the  Moors  fupporting 
themfelves  entirely  upon  it  during  the  time  of 
.harvefl.  About  fix  ounces  is  fufhcient  to  fup- 


port  a man  for  a day,  and  it  is  befides  mixed 
with  milk,  animal  broths,  and  other  victuals. 

The  Gum-Arabic,  or  that  which  comes  di- 
re6lly  from  Egypt  and  the  Levant,  only  differs 
from  the  Gum-Senegal  in  being  of  a lighter 
colour  and  in  fmaller  lumps,  and  it  is  alfo  fome- 
what  more  brittle.  In  all  other  refpefts  the 
two  refemble  each  other  perfe6tly.  Its  fpecific 
gravity  is  about  1.45. 

The  ufes  of  this  gum  are  very  great  and  nume- 
rous. The  greatefl  confumption  of  Gum  Senegal 
is  in  furnifhing  a thick  vifcid  fluid  v/ith  which 
the  different  mordants  are  mixed  in  calico-print- 
ing,  which  has  been  more  particularly  defcribed 
in  the  article  Dyeing. 

Another  great  ufe  of  Gum-Arabic  is  in  giving 
a fine  glofs  or  glazing  to  ribbons  and  filks.  For 
this  purpofe  a thin  folution  is  made,  and  the  filk 
flightly  brufhed  over  with  it,  and  when  dry  it 
leaves  a very  thin  colourlefs  varnifh,  but  readily 
waflied  off  by  water,  whence  the  fpotted  appear- 
ance that  a fhower  of  rain  gives  to  thefe  articles. 
Gum-Arabic  is  alfo  ufed  as  a clean,  convenient, 
and  pretty  ftrong  cement  for  an  infinite  number 
of  purpofes  where  there  is  no  rifk  of  moifture. 
Its  ready  folubility  in  water  and  the  length  of 
time  which  the  folution  will  keep  without  fpoil- 
ing,  render  it  highly  valuable  in  the  arts. 

This  gum  is  alfo  employed  in  pharmacy  as  a 
very  convenient  way  of  rendering  mifcible  with 
water,  oils,  refins,  and  other  fubftances  on  which 
water  alone  has  no  a£lion.  The  effeft  here  is 
chiefly  mechanical.  The  fubflance  (olive  oil 
for  example)  is  to  be  well  rubbed  with  about 
half  its  weight  of  a ftrong  folution  of  gum,  and 
the  watery  liquid  afterwards  added  by  degrees 
and  with  conflant  rubbing,  and  by  this  method 
an  opake  emulfion  is  formed,  in  which  the  fub- 
ftances will  remain  mixed  for  many  hours,  nor 
will  they  again  entirely  feparate. 

To  obtain  the  gum-mucilage  from  thofe 
vegetables  that  do  not  yield  it  by  exfudation,  re- 
courfe  mull  be  had  to  boiling  with  water  and 
evaporation.  'I'hefe  kinds  of  mucilage  however 
wnll  feldom  anfwer  as  cements,  as  they  will  not 
fufficiently  harden  by  drying,  and  they  are  more 
liable  to  mould,  and  to  become  brown  and  co- 
loured during  the  requifite  ev.aporation. 

Lord  Dundonald^*  has  given  the  following 
directions  for  preparing  the  mucilage  from  the 
lichen.  This  plant  is  the  common  large-leaved 
mofs  that  grows  fo  abundantly  on  forefl  and 
fruit  trees,  and  in  the  North  of  Europe  and 
America,  it  grows  to  the  length  of  a foot  or 
more,  giving  a nutritious  food  to  deer  and  other 
‘ Phi!.  Mag.  vol.  x. 
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animals.  The  lichen  has  an  outer  fkin,  and 
below  this  a green  refinous  fubftance  ; and  the 
remainder  of  the  plant  confifts  chiefly  of  gum 
and  of  fibrous  matter  on  which  water  has  no 
a£lion.  To  feparate  the  outer  fldn  and  the  refi- 
nous matter  the  plant  muft  be  fcalded  two  or 
three  times  with  boiling  water,  whereby  the 
Ikin  cracks,  fwells,  and  peels  off.  After  this 
it  is  to  be  put  into  a boiler  with  about  three 
quarts  of  water  for  every  pound  of  the  plant, 
and  about  half  an  ounce  of  potafli  or  foda 
(which  alfifts  the  extradfion)  and  the  boiling 
Ihould  be  continued  till  the  liquor  acquires  a 
confiderable  degree  of  gummy  confiftence. 
The  liquor  is  then  to  be  taken  out  and  flrained 
from  the  plant,  and  frefii  water  added  to  the 
lame  material,  further  to  exhauft  the  gum. 
I'he  feveral  liquors,  after  ftanding  fome  hours 
to  fettle,  and  then  removing  the  dregs,  are  to  be 
boiled  down  in  a regulated  heat  to  the  confift- 
ence which  is  required  for  ufe,  but  not  further, 
left  it  fliould  burn  and  become  coloured.  It 
requires  two  or  even  three  boilings  entirely  to 
exhauft  the  lichen  of  its  mucilage. 

The  method  to  be  purfued  in  extradling  the 
mucilage  from  other  plants  is  fo  fimilar  that 
nothing  more  need  be  added  on  the  fubjedf. 
The  fubftances  the  moft  likely  to  interfere  with 
the  purity  of  the  gum  in  thofe  fucculent  plants 
that  abound  with  niucilage,  are  for  the  moft 
either  infoluble  in  water  or  coagulable  at  a 
boiling  heat ; fo  that  a judicious  management 
of  the  boiling  and  clarification  will  generally 
fucceed  with  thofe  vegetables  where  the  muci- 
lage is  in  fufficient  quantity  to  repay  the  trouble 
of  extradfion. 

^ Another  fpecies  of  native  mucilage,  fomewhat 
differing  from  any  of  the  preceding,  is  gum 
tragacanth.  This  is  a white  opake  gum,  in 
the  form  of  twifted  flireds,  feldom  free  from 
vifible  impurities,  and  of  a remarkably  tough 
almoft  horny  confiftence,  fo  that  it  cannot  be 
reduced  to  fine  powder  without  confiderable 
labour.  It  exfudes  from  the  ftem  and  branches 
of  a very  thorny  flirub  {Jjl  ap^alus  Tragacantha. 
Linn.)  which  grows  on  the  ifland  of  Candia, 
and  other  parts  of  the  Levant. 

The  juice  dries  in  the  fun,  and  being  col- 
ledled  by  the  flicpherds,  is  fent  to  Europe  with- 
out any  preparation.  It  differs  from  Gum- 
Arabic  in  being,  properly  fpeaking, hardly  foluble 
in  water,  but  when  it  is  covered  with  water  it 
fwells  prodigioufly  in  the  courfe  of  fome  hours, 
and  abforbs  lo  much  of  the  fluid  as  to  become 
foft  and  pulpy,  but  will  not  refolve  itfelf  into  a 


liquid  by  any  further  addition  of  water.  In 
this  foft  pulpy  ftate  it  will  readily  mix  with 
other  mucilages,  and  may  be  fpread  thin  over 
any  furface,  and  it  then  dries  into  a very  firm 
cement.  It  is  employed  much  in  book-binding, 
mixed  with  pafte,  and  is  found  to  make  a very 
ftrong  cement. 

We  proceed  to  the  chemical  properties  of 
mucilage  in  general.  When  a mucilage  (Gum- 
Arabic  for  example)  is  diftilled  per  fe  in  vefl'els 
arranged  fo  as  to  detain  all  the  produfts,  there 
firft  comes  over  fome  pure  water,  which  is  im- 
mediately follow'ed  by  a reddifli-brown  acid 
liquor,  mixed  with  a little  brownifli  oil  and 
much  carbonic  acid  gas  and  carburetted  hydro- 
gen. This  acid  liquor  is  very  four  to  the  tafte 
and  has  an  empyreumatic  fmell,  and  has  been 
called  the  pyro-mucous  acid.  It  is  altogether  pro- 
duced by  the  a£l:ion  of  fire,  as  the  mucilage  in 
its  natural  ftate  gives  no  indication  whatever  of 
acidity.  The  fame  acid  is  produced  by  the 
diftillation  of  fugar,  farina  and  many  other  vege- 
table matters. 

The  pyromucous  acid  is  incapable  of  cryftal- 
lizing  or  affuming  the  folk!  form.  It  rifes  very 
readily  at  a boiling  heat,  and  has  a ftrong, 
pungent,  burnt,  acid  tafte.  It  may  be  concen- 
trated by  freezing  in  the  fame  manner  as  com- 
mon vinegar.  It  unites  wdth  the  alkalies  and 
earths,  and  with  feveral  of  the  metallic  oxyds, 
forming  falts  which  in  the  properties  of  eafy 
or  difficult  foiubility,  cryftallization,  &c.  re- 
femble  very  clofely  the  correfponding  falts 
formed  with  the  acetous  acid  ; and  from  the 
analogy  of  the  other  empyreumatic  acids  it  ap- 
pears probable  that  the  pyromucous  is  chiefly 
acetous  acid  intimately  united  by  diftillation 
with  enspyreumatic  oil  and  other  produifts  of 
the  mucilage  altered  by  fire. 

The  adlion  of  the  nitric  acid  upon  gum-muci- 
lage has  excited  fome  attention  on  account  of 
the  many  new  produfts  formed  by  the  mutual 
decompofition  of  thefe  fubftances,  and  particu- 
larly the  formation  of  a peculiar  acid,  the  Mu- 
cous. This  acid  is  found  to  be  the  fame  as  that 
difcovered  by  Scheele  to  be  produced  by  the 
acftion  of  nitric  acid  on  fugar  of  milk,  which 
has  been  partially  defcribed  under  the  article 
Milk. 

When  nitric  acid  is  moderately  heated  with 
half  its  weight  of  gum-arabic,  only  till  nitrous 
gas  begins  to  be  difengaged,  there  depofits  on 
cooling  a white  powder,  which  when  colleiled 
and  waflied  is  the  mucous  acid.'  It  has  a gran- 
ular feel  and  taftes  flightly  four.  When  heated 
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per  fe  to  decompofition  it  gives  a red  fliarp-tafted 
oil,  much  carbonic  acid  gas,  and  a portion  of  it 
fublimes  in  brown  fcales  fmelling  like  the  benzoic 
acid.  The  dry  mucous  acid  is  very  fparingly 
I'oluble  in  water.  The  hot  faturated  folution 
depofits  on  cooling  brilliant  fcaly  cryftals.  It 
decompofes  the  carbonated  alkalies  at  a boiling 
heat,  expelling  the  carbonic  acid  and  forming 
perfectly  neutral  falts. 

The  acid  of  fugar  of  milk  or  the  faccholaftic 
acid  (according  to  Scheele*")  forms  with  carbo- 
nat  of  potaflr  fmall  cryftals  that  require  eight 
times  their  weight  of  boiling  water  for  folution, 
but  moft  of  the  fait  is  depofited  on  cooling. 
The  faccholat  of  foda  is  much  more  foluble, 
hence  if  to  a faturated  folution  of  this  fait  fome 
potaftr  be  added,  a copious  depofition  of  fmall 
cryftals  of  faccholat  of  potafh  takes  place  owing 
to  the  fuperior  affinity  of  the  acid  for  potafh. 
The  faccholaftic  acid  forms  with  all  the  earths 
falts  infoluble  in  water,  and  hence  it  decompofes 
the  foluble  falts  of  the  fame  earths,  fuch  as  the 
nitrats  or  muriats,  and  forms  a white  faline 
precipitate  with  them.  It  alfo  decompofes  in 
the  fame  manner  the  folutions  of  filver,  mercury, 
and  lead. 

When  the  acid  liquor,  which  remains  after 
the  faccholaftic  acid  has  been  depofited  from 
the  folution  of  fugar  of  milk  in  nitric  acid,  is 
boiled  with  a freffi  quantity  of  acid  and  evapo- 
rated, a large  quantity  of  long  cryftals  are 
formed  on  cooling,  which  Scheele  found  to  be 
oxalic  acid,  and  by  adding  fufficient  nitric  acid 
the  whole  refidue  may  be  thus  changed.  This 
led  to  the  opinion  that  the  white  powder  def- 
efibed  as  the  facchola£H<racid  was  only  oxalat 
of  lime,  but  it  was  found  by  this  excellent  che- 
mift  that  fugar  of  milk  itfelf  contained  no  lime, 
fince  it  gave  no  precipitate  with  oxalic  acid,  and 
hence  this  conjedture  was  erroneous. 

Fourcroy  has  fome  curious  and  valuable  faffs 
on  the  correfponding  decompofition  of  gum- 
mucilage  by  nitric  acid.  If  the  procefs  above 
deferibed,  viz.  of  fimply  heating  gum  with  nitric 
acid  till  nitrous  gas  is  given  out  and  mucous 
acid  depofited,  be  carried  no  further,  the  clear 
liquor  from  which  the  mucous  acid  has  fubfided 
contains  in  that  ftate  no  oxalic  acid  but  only  the 
malic,  which,  as  mentioned  under  that  article, 
is  generally  the  preceding  ftep  in  oxygenation 
to  the  oxalic.  Hence  it  cannot  be  made  to 
alTume  a cryftalline  form  by  evaporation,  but 
when  concentrated  by  heat  the  liquor  becomes 
intenfely  four  and  brown  or  red.  It  precipitates 
lime  from  lime-water,  but  the  precipitate  is 


again  foluble  in  an  excels  of  the  fame  acid,  « 
charaffer  which  particularly  diftinguiflies  the 
malic  acid  from  the  oxalic,  and  the  latter  acid 
alfo  produces  its  own  calcareous  fait  by  being 
added  to  the  acid  folution  of  malat  of  lime. 

A further  addition  of  nitric  acid  affifted  by 
heat  completes  the  converfion  of  this  malic  acid 
into  the  oxalic. 

The  mucous  acid  is  not  of  Itfelf  alterable  by 
any  further  treatment  with  nitric  acid,  but  it  is 
a truly  curious  phenomenon  of  complicated  che- 
mical affinities  that  nitric  acid  and  gum,  two 
homogeneous  fubftances,  fliould  by  their  mutual 
affion  at  the  fame  time  produce  two  acids  fo 
decidedly  different  as  the  mucous  and  the  malic, 
and  not  convertible  the  one  into  the  other  by 
any  further  a£l;ion  of  the  fame  acid  to  which 
they  owed  their  formation. 

If  the  concentrated  fulphuric  acid  is  poured 
on  gum-arabic,  it  chars  and  blackens  it,  and 
converts  a portion  into  acetous  acid.  The  mu- 
riatic acid  alfo  produces  the  acetous,  but  more 
llowly.  The  weaker  acids  fimply  diflblve  gum, 
but  do  not  alter  it. 

In  the  analyfis  of  vegetable  matter  the  muci- 
lage that  exills  in  combination  with  the  other 
principles  may  generally  be  obtained  in  tolerable 
purity  by  the  combined  adlion  of  water,  heat, 
and  alcohol.  The  vegetable,  if  dry,  readily 
yields  its  mucilage  to  the  fimple  aeSHon  of  water, 
then,  as  mucilage  is  not  coagulated  by  heat,  a 
boiling  temperature  will  feparate  the  albumen 
and  fome  other  principles  foluble  in  water,  but 
coagulable  by  heat.  After  this  the  clarified 
folution  fliould  be  concentrated  by  flow  evape- 
ration  till  it  is  of  a flimy  confiftence,  when  on 
the  addition  of  three  or  four  times  the  bulk  of 
reftified  alcohol,  the  whole  of  the  mucilage  will 
feparate  in  the  form  of  a white  powder,  and  the 
alcohol  boiled  on  it  will  take  up  any  refinous 
matter  which  the  water  had  previoufly  dilTolved 
by  help  of  the  gum.  The  alcohol  will  alfo  take 
up  the  acetite  of  potafh  which  frequently  exifts 
in  vegetable  juices,  but  will  precipitate  it  along 
with  the  mucilage,  the  phofphats,  and  fulphats, 
and  muriats.  The  precipitated  mucilage  is 
again  foluble  in  water,  and  by  flow  evaporation 
may  be  dried  to  its  proper  femi-tranfparent 
gummy  form,  but  the  above  falts  if  foluble  in 
water  (if  perfe£t  accuracy  is  required)  muft  be 
feparated,  or  their  quantity  eftimated  by  diftindt 
proceffes.  As  a general  obfervation  it  may  be  re- 
marked that  the  conftituents  of  organifed  matter, 
particularly  the  foft  foluble  parts,  are  fo  inti- 
mately blended  that  it  ufually  requires  a repetition 
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of  the  fame  chemical  means  ufeil  to  feparate 
ihem ; fo  in  the  prefent  inftance  it  would  pro- 
bably require  the  folution  of  mucilage  to  be 
twice  fucceffively  precipitated  by  alcohol  before 
the  feparation  was  compleat- 

Several  interelling  experiments  on  the  inti- 
mate nature  of  mucilage  have  been  made  by 
Mr.  Cruildhank,  which  we  fliall  partly  notice 
in  this  place,  and  partly  refer  to  the  article 
Sugar.  Sugar,  as  Mr.  C.  obferves,  has  been 
thought  to  be  a fubftance  of  intermediate  oxyge- 
nation between  mucilage  and  the  vegetable 
t>cids.  Hence  it  would  follow  that  mucilage 
and  fugar  are  convertible  into  each  other  by  a 
due  addition  or  abftradtion  of  oxygen,  fuppofing 
that  the  procelTes  of  nature  can  be  at  all  imitated 
in  ihe  laboratory.  That  fugar  is  formed  out  of 
mucilage  in  natural  precedes  appears  obvious, 
for  the  plants  that  yield  fugar  at  a certain  period 
of  their  growth,  only  contain  mucilage  at  an 
earlier  period,  'fhe  procefs  of  germination  alfo 
(particularly  of  barley  by  malting)  decidedly 
converts  mucilage  into  fugar.  By  many  expe- 
riments on  the  growth  of  barley  in  clofed  veflels 
and  in  atmofpheres  of  different  gaffes,  Mr.  C. 
uniformly  found  that  oxygen  was  neceffary  to 
the  germination  of  the  feed,  and  that  in  tire 
procefs  much  carbonic  acid  was  produced.  This 
oxygen  may  be  either  abforbed  entirely  or  may 
immediately  combine  with  the  carbon  of  the 
feed  to  produce  carbonic  acid.  Mr.  C.  then 
endeavoured  to  invert  the  procefs,  and  to  convert 
fugar  into  gum  by  a difoxygenating  procefs. 
Phofphuret  of  lime  was  chofen  for  this  purpofe. 
Some  fugar  was  diffolved  in  alcohol,  and  phof- 
phuret of  lime  added.  No  gas  was  difengaged, 
and  the  mixture  flood  in  an  open  phial  for  fome 
days.  The  alcohol  was  then  evaporated  and 
water  added,  which  would  have  difengaged 
phofphuretted  hydrogen  had  the  phofphuret  re- 
mained unaltered,  but  this  was  not  the  cafe, 
as  it  was  now  converted  into  phofphat  of  lime 
from  the  abforption  of  oxygen  (as  Mr.  C.  fup- 
pofes)  from  the  fugar.  The  clear  liquor  being 
then  evaporated  there  remained  a very  tenacious 
fubftance,  bitter  td  the  tafte,  with  fcarcely  any 
remaining  fweetnefs ; when  fqueezed  between 
the  teeth  it  had  exadtly  the  feel  of  gum  but  was 
more  tenacious.  It  was  no  longer  foluble  in 
alcohol  (as  fugar  is)  and  when  thrown  on  a red 
hot  iron  it  burned  like  gum,  and  left  an  infipid 
bulky  charcoal. 

The  converfe  of  the  above  experiment  was 
then  tried,  but  it  was  not  found  that  gum  could 
be  converted  into  fugar  by  any  oxygenating  pro- 


cefs, the  a£lion  of  the  nitric  and  oxymuriatlc 
acids  on  gum  being  to  generate  acids  (as  already 
related)  but  not  faccharine  matter. 

Some  further  experiments  on  the  ultimate 
analyfis  of  mucilage  may  be  extra£led  from  the 
fame  author.'  One  ounce  of  gum-arabic  diftil- 
led  per  fe  in  a glafs  retort,  gave  3 drams  30  grs. 
of  pyromucous  acid  mixed  with  a little  heavy 
oil  and  a very  large  quantity  of  gas.  The  coal 
left  after  a red  heat  had  been  continued  for  fome 
time,  weighed  106  grs.  which  when  burnt  to 
alhes  in  an  open  crucible  left  10  grs.  of  a white 
powder,  confifting  of  phofphat  of  lime  and 
fome  excefs  of  lime.  The  pyromucous  acid 
being  fuper-faturated  with  lime,  a ftrong  fmell 
of  ammonia  was  perceived,  fhewing  that  azot, 
one  of  its  conftituent  parts,  muft  have  previoully 
exifted  in  the  gum.  The  gas  furniihed  by  the 
diftillation  amounted  to  273  ounce  meafui'es,  of 
which  93  were  carbonic  acid,  and  the  remainder 
was  hydro-carburet,  of  the  fame  kind  as  that 
produced  by  burning  moiftened  charcoal. 

An  ounce  of  gum-tragacanth  treated  in  the 
fame  way,  afforded  4 drams  5 grs.  of  pyromu- 
cous acid,  and  105  grs.  of  charcoal,  the  calca- 
reous afli  of  which  after  incineration  amounted 
to  12  grs.  and  was,  as  in  the  former  cafe,  lime 
mixed  with  phofphat  of  lim.e.  The  ammonia 
procured  from  the  pyromucous  acid  was  in 
much  greater  quantity  than  from  gum-arabic. 

An  ounce  of  gum-arabic  treated  with  nitric 
acid  alfo  afforded  3 drams  and  36  grs.  of  oxalic 
acid,  and  6 grs.  of  a white  powder  which  Mr. 
C.  affirms  to  be  oxalat  of  lime,  and  not  mucous 
acid  as  raprefented  by  other  chemifts,  but  he 
does  not  give  the  experiments  by  wffiich  this 
w'as  afcertalned. 

Gum  mucilage  Is  not  fufceptible  alone  of  the 
vinous  fermentation,  for  Mr.  C.  found  that 
when  mixed  with  yeaft,  and  kept  for  a long 
time  at  a warm  temperature,  nothing  like  fer- 
mentation could  be  perceived,  and  the  mixture 
though  It  acquired  a naufeous  fmell,  retained  its 
original  tafte.  It  is  only  when  unmixed  how- 
ever that  mucilage  remains  fo  inactive,  for  when 
united  with  fugar  either  naturally  or  artificially, 
it  forms  a compound  in  which  fermentation  is 
eafily  excited. 

MUCILAGE,  Animal  or  Animal  Mucus. 

Many  of  the  animal  fluids  contain  a fubftance 
which  refembles  vegetable  mucilage  in  being 
foluble  in  water,  not  coagulable  by  heat,  info- 
luble  in  alcohol,  infipid  and  giving  a llimy  con- 
fiftence  to  the  fluids  with  which  it  is  mixed, 
and  hence  is  denominated  mucus.  The  faliva 
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is  a familiar  example  of  a mucilaginous  animal 
fluid.  Animal  mucUs  refembles  gelatin  fo  clofely 
both  in  its  ultimate  analyfis  and  in  many  other 
properties,  that  the  one  is  confidered  by  Mr. 
Hatchett  as  only  a modification  of  the  other, 
and  moll  of  what  has  been  defcribed  in  the 
article  Gelatin  will  therefore  apply  here. 

Dr.Boftock“  has  however  very  clearly  pointed 
out  a very  decided  difference  between  the  two 
in  the  manner  in  which  they  are  afted  on  by 
the  aqua  lirhargyrl  acetati,  or  Goulard’s  ex- 
tract, a preparation  of  lead,  made  by  faturating 
boiling  vinegar  with  litharge.  This  liquor 
when  added  to  any  fluid  containing  animal  mu- 
cus, gives  a copious  white  precipitate,  whereas 
it  is  not  rendered  fenfibly  turbid  by  a folution 
of  pure  jelly# 

The  infufion  of  galls  or  tan  alfo  which  in- 
ffantly  precipitates  jelly,  has  no  effe£l  or  fcarcely 
any  on  mucus,  and  thefe  two  tefts  therefore 
will  be  fufficient  in  moft  inftances  to  dete£l;  the 
prefence  of  one  or  the  other.  Neither  mucus 
nor  gelatin  are  altered  by  the  folution  of  corro- 
five  lublimate,  which  however  precipitates  albu- 
men copicufly.  Hence  in  a mixture  of  albu- 
men, gelatin  and  mucus,  thefe  fubftances  may 
be  feparated  with  tolerable  accuracy  by  the  fuc- 
ceffive  application  of  corrofive  fublimate,  infu- 
fion of  galls,  and  acetated  litharge. 

It  is  not  eafy  however  to  find  the  exaft 
quantity  of  mucus  by  the  folution  of  litharge', 
for  the  lead  which  it  contains  will  be  equally 
precipitated  by  fulphuric,  muriatic,  and  phol- 
phoric  falts,  all  of  which  are  found  in  many 
animal  fluids.  A further  application  of  re- 
agents might  indeed  feparate  the  fulphat,  mu- 
riat,  and  phofphat  of  lead,  from  that  peculiar 
combination  formed  by  mucus  and  oxyd  of 
lead,  but  the  quantities  of  each  are  generally 
too  fmail  to  allow  of  much  accuracy  in  this 
mode  of  proceeding. 

Animal  mucus  is  generally  combined  with 
gelatin  and  albumen,  and  always  with  fome 
falts,  and  on  the  whole  it  is  one  of  the  leall 
abundant  of  the  animal  fluids. 

MURIATIC  ACID.  Acide  Muriatiquey  Fr. 
Salzam-e,  Germ. 

If  a fmail  retort  or  a proof  bottle  with  a 
curved  tube  be  half  filled  with  well  dried  com- 
mon fait,  and  fome  ftrong  fulphuric  acid  be 
poured  upon  it,  a copious  effervefcence  takes 
place,  and  the  elaftic  fluid  thus  extricated  ap- 
pears in  the  form  of  a white  vapour  as  foon  as 
it  comes  in  contadl  with  the  atmofphere  : when 
by  the  evolution  of  this  gas  all  the  common  air 
• £din.  Med,  & Surg.  Journal. 


has  been  driven  out  of  the  retort,  the  fubfe- 
quent  portions  of  gas  may  be  collected  in  the 
ufual  manner  in  glafs  jars  filled  with  mercury 
and  inverted  in  a bath  of  the  fame  fluid.  The 
air  thus  procured  is  known  among  chemifts  by 
the  name  of  muriatic  acid  gas  •,  it  is  tranfparent, 
colourlefs,  and  poffeffed  of  the  fame  mechanical 
properties  as  common  air  and  other  elaftic 
fluids.  Its  fpeciiic  gravity,  according  to  Fon- 
tana, is  about  =r:  0.00209,  but  according  to 
Kirwan,  is  = 0.00231,  that  of  water  being 
orr  1000.0,  and  of  atmofpheric  air  n::  0.00123. 
It  has  a peculiarly  fuftbcating  odour ; to  the 
tafte  is  extremely  four  and  corrofive,  and  affe<-ls 
vegetable  colours  in  the  fame  manner  as  other 
acids.  It  is  inftantaneoufly  fatal  to  animal  life, 
and  is  incapable  of  fupporting  combuftion  ; this 
peculiarity  however  belongs  to  it,  that  if  a 
lighted  taper  is  plunged  into  a jar  full  of  it,  the 
flame  is  confiderably  enlarged  and  tinged  of  a 
greenifli  yellow  colour  before  it  is  extinguiftied. 

Muriatic  acid  gas  is  not,  properly  fpeaking, 
combuftible,  though  it  unites  without  difficulty 
with  a confiderable  proportion  of  oxygen,  form- 
ing OxYMURiATic  Acid.  The  affinity  between 
water  and  muriatic  acid  is  very  powerful : even 
when  this  fubftance  is  in  a gafleous  ftate  it  holds 
a confiderable  quantity  of  water,  from  which  it 
cannot  be  freed  otherwife  than  by  the  decom- 
pofition  of  this  latter  fubftance.  If  a little  water 
be  introduced  into  a jar  of  muriatic  acid  gas 
ftanding  over  mercury,  an  immediate  abforption 
takes  place  and  the  whole  of  the  acid  fuddenly 
lofes  its  gnffeous  ftate,  heat  being  at  the  fame 
time  given  out.  A fimilar  though  not  fo  fudden 
an  efte£l  is  produced  by  charcoal,  foft  wood, 
fponge  and  various  other  porous  bodies,  pro- 
bably in  confequence  of  their  containing  moif- 
ture.  A piece  of  ice  introduced  into  muriatic 
acid  gas  is  melted  as  rapidly  as  if  it  w'as  laid  on 
a hot  coal  in  confequence  of  the  liberation  of 
caloric  during  the  combination  of  the  water  and 
acid.  If  alum  or  any  other  fait  containing  much 
water  of  cryftallization  be  introduced  into  this 
acid  gas,  an  abforption  takes  place  and  the  fait 
becomes  pulverulent  in  confequence  of  the 
transfer  of  the  greateft  part  of  its  water  to  the 
acid.  Iron  filings,  wax,  phofphorus,  fulphur 
and  other  inflammable  bodies  when  brought  inta 
contafl  with  muriatic  acid  gas  ablorb  more  or 
lefs  of  it,  and  the  refidue  after  waftiing  with 
w'ater  is  inflammable;  the  caufe  of  which  will 
be  explained  prefently  when  we  treat  of  the 
decompofition  of  this  acid.  Neither  azot  nor 
any  of  the  Ample  or  compound  inflammable 
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gaffes  have  any  a£\;Ion  on  muriatic  acid,  with 
ammoniacal  gas  however  it  combines  inftan- 
taneoufly,  the  two  airs  if  rightly  proportioned 
to  each  other  entirely  difappearing  and  folid 
muriat  of  ammonia  being  the  refult.  • 

Although  muriatic  acid  when  in  the  ftate  of 
gas  is  the  pureft  form  in  which  it  is  known,  yet 
the  inconvenience  of  keeping  and  applying  any 
fubftance  in  this  ftate  being  very  great,  it  is 
always  ufed  except  on  particular  occafions  in  a 
liquid  form.  Liquid  muriatic  acid,  or  fpirit  of 
fait,  is  prepared  in  the  following  manner.  A 
capacious  tubulated  retort  is  filled  about  one- 
third  of  its  capacity  with  decrepitated  common 
fait  (muriat  of  foda),  and  the  jundhure  of  the 
retort  with  the  receiver  is  carefully  clofed  with 
fat  lute  : to  the  receiver  is  adapted  a Woulfe’s 
apparatus,  the  bottles  of  which  are  placed  in  a 
frame  or  fmall  ciftern  for  the  fake  of  keeping 
them  cool  by  means  of  ice  and  water.  The 
Woulte  bottles  themfelves  are  more  than  half 
filled  with  diftilled  water,  and  then  concentrated 
fulphuric  acid,  in  the  proportion  of  about  6 
ounces  for  every  pound  avoirdupois,  is  poured 
upon  the  fait  through  the  tubulure  of  the  retort, 
which  is  immediately  after  clofed  with  its  glafs 
ftopper.  As  foon  as  the  acid  and  fait  come  into 
coniacl,  the  retort  and  receiver  are  filled  with 
white  vapour,  and  the  difengagement  of  muri- 
atic acid  goes  on  for  feme  time  without  the 
application  of  heat : when  the  current  of  gas 
through  the  Woulfe  bottles  begins  to  flacken,  a 
pot  of  lighted  charcoal  fhould  be  placed  under 
the  retort,  gradually  increafing  the  fire  till  at  a 
very  low  red  heat  no  more  gas  is  difengaged. 
What  remains  in  the  retort  is  now  dry  fulphat 
of  foda,  and  the  water  in  the  Woulfe  bottles 
will  be  found  to  be  more  or  lefs  impregnated 
with  muriatic  acid  according  to  the  quantity  of 
fait  originally  made  ufe  of.  The  method  pur- 
fued  in  the  manufatSluring  laboratories  in  Eng- 
land is  in  general  the  fame  as  that  mentioned 
above,  but  with  a greater  fimplicity  of  appara- 
tus, and  the  veflel  that  performs  the  part  of  the 
retort  is  either  of  earthenware  or  of  iron  ; this 
laft  however  is  extremely  improper,  as  a portion 
of  iron  always  rifes  with  the  acid  and  thus 
communicates  to  it  that  yellow  ftraw  colour 
vdiich  diftinguifhes  common  muriatic  acid.  In 
Germany,  where  fulphuric  acid  is  dearer  than 
it  is  in  this  country,  the  mode  of  manufa£luring 
this  acid  Is  to  mingle  accurately  one  part  of 
common  fait  with  four  of  dried  clay,  and  to 
fubjefl  the  mafs  to  ftrong  ignition  in  iron  or 
earthen  veffels ; at  a high  temperature  the  alka- 

* Gren.  Syft.  Hand,  dcr  Chim.  I.  p.  467.  ' Prieiiley. 


line  bafe  of  the  fait  combines  with  the  earth, 
and  the  galleous  acid  as  it  pafles  over  is  received 
into  water  where  it  is  condenfed  in  the  ufual 
way.  ^ 

If  a portion  of  water  be  confined  in  a jar  over 
mercury,  and  muriatic  acid  gas  be  let  up  into 
it,  a quantity  of  gas  equal  in  weight  to  the 
w^ater  will  be  abforbed,  wdiile  its  bulk  will  be 
increafed,  according  to  Dr.  Prieftley,  from  i to 
1.5,  and  according  to  Kirwan  from  i.  to  1.33  : 
hence  the  fpecific  gravity  of  this  liquid  acid, 
according  to  the  former,  is  nr:  i .33,  and  accord- 
ing to  the  latter  1.5  : but  the  fpecific  gravity 
of  the  ftrongeft  muriatic  acid  that  can  be  made 
and  kept  in  the  common  method  does  not  ex- 
ceed at  60°  Fahr.  1.196.  Pure  liquid  muriatic 
acid  is  as  colourlefs  as  water ; when  expofed  to 
the  air  it  emits  a white  vapour ; it  afFefIs  the 
fmell  and  tafte  in  the  fame  manner  as  the  mu- 
riatic gas  does  : it  combines  with  the  alkalies 
and  earths,  forming  neutral  falts.  Its  action 
upon  Iron  and  zinc  Is  very  rapid  and  accom- 
panied by  a copious  difengagement  of  hydrogen 
gas  *,  at  a boiling  temperature  and  in  open  vef- 
fels it  oxydates  and  diflblves  copper,  tin,  bif- 
muth,  lead,  cobalt,  manganefe,  antimony,  and 
arfenic  ; filver  is  alfo  affected  by  it  though  very 
flightly ; it  feems  to  have  no  a£Hon  whatever 
on  gold,  platina,  mercury,  tungften,  molybdena, 
tellurium  and  titanium.  It  diflblves  all  the 
metallic  oxyds  and  is  an  acid  of  remarkable 
a£li  ity.  When  heated  for  fome  time  in  clofed 
glafs  tubes  it  corrodes  them  very  fenfibly,  taking 
up  the  oxyd  of  lead  from  the  white  glafs  and 
the  alkali  from  green  glafs.  ' 

Muriatic  acid  is  capable  of  decompofing  in 
part  the  ftrongeft  nitric  acid,  being  itfelf  at  the 
fame  time  converted  into  the  oxygenated  mu- 
riatic acid,  as  may  be  feen  more  at  length  in 
the  article  Nitro-muriatic  Acid.  For  the 
fame  rcafon  alfo  the  alkaline  nitrats  are  decom- 
posable by  muriatic  acid,  as  has  been  ably  fliown 
by  Cornette. 

Various  attempts  have  been  made  to  decom- 
pofe  the  muriatic  acid,  and  becaufe  in  moft  of 
the  experiments  a quantity  of  hydrogen  made 
its  appearance,  this  fubftance  was  fuppofed  by 
many  to  be  the  acidifiable  bafe  of  the  acid.  From 
more  recent  and  accurate  examinations  however 
it  appears  highly  probable  that  the  hydrogen  in 
all  thefe  cafes  arlfes  not  from  the  decompofition 
of  the  acid  but  of  the  water,  which  it  always 
contains  in  a greater  or  lefs  proportion.  The 
moft  fatisfadlory  experiments  relative  to  the 
fuppofed  decompofition  of  muriatic  acid  arc 

* Mem.  de  I'Acad.  des  Scienci's  for  1778,  pp.  44—J35. 
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thofe  of  Mr.  W.  Henry. ' the  principal  refults 
of  v/hich  we  fhall  proceed  to  detail.  When 
muriatic  acid  gas  confined  in  a glafs  jar  over 
mercury  is  fubje£led  repeatedly  to  the  electric 
fiiock,  it  undergoes  a diminution  of  bulk,  a 
white  matter  appears  on  the  infide  of  the  tube, 
and  upon  fubfequent  mixture  with  water  a por- 
tion of  gas  remains  unabforbed,  and  appears  to 
be  hydrogen  in  a ftate  of  confiderable  purity. 
The  diminution  of  the  acid  gas  and  all  the  other 
accompanying  phenomena  are  the  mod  remark- 
able when  the  acid  operated  upon  is  that  which 
is  firft  difengaged  on  mixture  of  fulphuric  acid 
and  common  fait : the  part  that  comes  over 
during  the  latter  end  of  the  procefs  is  confider- 
ably  lefs  afFefted  by  the  electric  fhock  than  that 
which  is  firfh  produced ; and  if  the  gas  has 
been  previoufly  dried  for  fome  days  by  conta6l 
with  folid  muriat  of  lime,  the  diminution  of 
bulk  by  eleftrization  is  fcarcely  perceptible. 
The  white  matter  that  appears  during  the  pro- 
cefs Is  mild  muriat  of  mercury  or  calomel  : 
hence  it  is  obvious  that  in  thefe  experiments 
oxygen  and  hydrogen  are  difengaged,  of  which 
the  oxygen  together  with  part  of  the  muriatic 
acid  unites  with  a portion  of  the  mercury,  while 
the  liydrogen  and  the  refidue  of  the  acid  remain 
in  the  flate  of  gas.  Now  as  the  component 
parts  of  water  are  oxygen  and  hydrogen,  and  as 
the  amount  of  thefe  lubftances  difengaged  by 
the  eleftric  flrock  is  in  an  inverfe  proportion  to 
the  drynefs  of  the  gas,  it  is  reafonable  to  con.f 
elude  that  the  hydrogen  and  oxygen  proceed 
from  the  decompofition  of  water  and  not  of 
muriatic  acid.  This  conclufion  is  further 
ftrengthened  by  another  fa£t,  namely,  that  after 
a number  of  Ihocks  have  palled  through  the 
gas  its  diminution  ceafes,  and  if  it  is  then  trans- 
ferred to  a frefh  tube  over  mercury  and  again 
fubjefted  to  the  a£Hon  of  ele£l:ricity,  no  further 
change  in  bulk  is  experienced,  nor  is  there  any 
formation  of  calomel ; but  if  the  acid  were 
really  decompofed,  the  produfflon  of  calomel 
ought  to  continue  as  long  as  any  acid  gas  re- 
mained. Again,  when  muriatic  acid  gas  is 
electrified  in  a glafs  tube  without  the  contact 
of  mercury,  the  refult  is  found  to  be  oxymuriatic 
acid  gas  mixed  with  hydrogen.  Several  attempts 
were  made  by  Mr.  H.  to  deoxygenate  muriatic 
acid  gas  by  mixing  it  with  carburetted  hydrogen 
and  eledtrifying  it,  but  without  fuccefs  ; the 
mixed  galles  were  indeed  expanded  and  carbonic 
acid  was  produced,  but  thefe  changes  were  ob- 
vioufly  caufed  merely  by  the  decompofition  of 
the  water,  Cnee  after  they  had  entirely  ceafed  a 


little  water  was  introduced,  and  the  quantity  of 
muriatic  acid  abforbed  was  equal  to  what  would 
have  been  taken  up  if  the  acid  gas  had  been 
eleftrified  by  itfelf. 

So  various  and  uniformly  ineffedfual  have 
been  the  attempts  to  decompofe  this  acid,  that 
we  muft  conclude  either  that  it  is  a fimple  body, 
or  if,  like  many  other  of  the  acids,  it  be  con- 
fidered  as  a compound  of  a combullible  bafe 
with  oxygen,  the  affinity  between  the  two  muft 
be  regarded  as  more  powerful  than  that  of  any 
of  the  known  combullible  bodies  with  oxygen. 

The  affinities  of  muriatic  acid  are  arranged 
in  the  moll  recent  tables  in  the  following  order.. 
Barytes,  potafli,  foda,  llrontian,  lime,  ammonia, 
magnefia,  glycine,  alumine,  zircon,  metallic 
oxyds.  This  order  however  is  not  correfl,  for 
the  oxyds  of  filver,  mercury,  lead,  and  probably 
antimony,  are  capable  of  decompofing  molt  if 
not  all  the  neutral  and  earthy  muriats. 

The  ufe  of  muriatic  acid  in  the  laboratory  is 
very  confiderable,  but  in  medicine  and  the  arts 
it  is  but  little  employed  except  in  the  form  of 
muriat  or  combined  with  fome  falifiable  bafe^ 
It  is  worth  remembering  by  the  chemift  that 
nothing  takes  off  the  cruft  of  oxyil  of  iron, 
which  in  many  experiments  is  found  adhering 
with  remarkable  clofenefs  to  glafs  veffeis,  fo 
fafely  and  quickly  as  a little  warm  dilute  muri- 
atic acid. 

Muriat  of  Potash,  or  Sa.'t  of  Sylvius. 

Muriat  of  potafli  is  rarely  if  ever  found 
native  except  in  the  allies  of  a few  plants  and 
in  fome  animal  fluids,  efpecially  milk.  To  ob- 
tain it  pure  it  muft  be  formed  either  by  the  direct 
union  of  muriatic  acid  and  potalli,  or  its  carbo- 
nat,  or  by  decompofing  common  fait  by  potalh.. 
The  former  is  the  bed  method  for  a chemical 
inveftigation  of  its  properties. 

If  a faturated  folution  of  this  fait  is  llowly 
evaporated  the  muriat  of  potalh  feparates  in  the 
form  of  regular  cubes,  which  have  a fait  and 
bitter  tafte,  together  with  a degree  of  pungency 
like  muriat  of  am.monia.  It  diffolves  in  three 
times  its  weight  of  cold  water,  and  by  boiling 
fomewhat  more  is  taken  up,  and  hence  a clear 
hot  faturated  folution  depofits  a portion  of  fait 
by  cooling,  in  which  refpedl  it  dill'ers  from  pure 
muriat  of  foda.  Muriat  of  potalli  when  brilkly 
heated  fharply  decrepitates,  but  does  not  liquefy 
in  its  water  of  cryllallization,this  being  only  about 
8per  cent,  which  flies  off  at  a heat  below  ignition^ 
At  a full  red  heat  the  fait  melts,  and  if  the  heat 
is  further  urged  tire  fait  itfelf  flies  off  in  a 
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white  tienfe  vapour,  which  however  is  not  de- 
compofed. 

This  fait  is  fomewhat  deliquefcent  in  a moift 
air.  If  a little  fulphuric  acid  is  poured  on  it  the 
muriatic  acid  is  expelled  in  the  form  of  white 
fumes.  The  nitric  acid  decompofes  it  partially 
and  caufes  the  evolution  of  nitro-muriatic  acid. 
The  phofphoric  acid  allb  expells  the  muriatic  at 
a high  heat. 

This  fait  is  compofed  according  to  Kirwan, 
of  64  of  potafli  and  36  of  acid  when  dried  at  80° 
of  which  however  about  8 are  mere  water  of 
cryftallizacion  ; and  100  parts  of  the  fait  when 
decompofed  by  nitrat  of  filver  give  217.65  of 
dry  lima  cornea. 

Muriat  of  potafli  is  not  ufed.  It  is  rarely 
produced  in  the  large  way  in  chemical  procdfes 
except  when  the  comparative  prices  of  potafli 
and  foda  make  it  worth  while  to  procure  foda 
from  fea  fait  by  means  of  potafli,  as  will  be 
mentioned  in  the  next  article. 

Muriatic  acid  may  be  procured  from  muriat 
of  potafli  in  the  fame  way  as  from  muriat  of 
foda,  but  the  bitter  tafte  and  rather  greater  deli- 
cuefcence  of  the  former,  render  it  probably 
fcarcely  fit  for  any  of  the  culinary  ufes  of  com- 
mon fait. 

Muriat  of  Soda.  Sea  Salt.  Common 

Salt. 

This  fait  exifts  abundantly  native  either  as  a 
folid  folTil  or  diflblved  in  water.  In  the  former 
cafe  It  ranks  as  a peculiar  mineral  fpecies,  and 
will  be  dcfcribed  accordingly. 

Rock  Salt,  or  Fossil  Salt,  or  Sal  Gem. 
— Steinfalz.  Wern.  Sel gemme.  Broch. 

Of  this  fpecies  tliere  are  the  two  following 
varieties. 

Var.  I.  Foliated  Rock  Salt. 

Its  colour  is  ufually  greyifli,  yellowlfli,  or 
milk-white,  or  afli-grey,  fnioke  and  pearl-grey. 
It  alfo  though  rarely  occurs  flefh,  blood  or  brick 
red,  and  ftill  more  rarely  violet  or  fky-blue  or 
green.  It  is  found  in  mafs,  difleniinated,  in 
large  columnar  or  fpherical  diflindl  concretions, 
or  cryftallized  in  cubes.  The  recent  frafture 
is  brightly  fliining  with  a luftre  between  vitre- 
ous and  refinous.  Its  fradfure  is  ftrait  foliated 
in  three  reftangular  direblions  ; hence  the  form 
of  its  fragments  is  cubical,  but  this  is  the  cafe 
only  when  it  is  cryftallized,  the  mafTive  varieties 
are  thick  foliated  approaching  to  flaty,  and 
break  into  blunt-edged  irregularly  wedge-lhaped 
fragments.  It  is  ferhi-tranfparent,  pafhng  on 
one  hand  into  tranflucent  and  on  the  other  Into 
tranfparent.  It  is  moderately  hard  and  not 


very  brittle.  To  the  touch  it  is  fmooth  and 
almoft  greafy.  Sp.  gr.  2.14.  It  is  fait  to  the 
tafte,  it  Is  deliqueicent  in  a moift  atmofpherc, 
is  readily  foluble  in  water,  tlecrepitates  ftrongly 
when  laid  on  hot  coals,  and  is  fufible  at  a low 
red  heat. 

Var.  2.  Fibrous  rock  fait. 

Its  colour  is  greyifli-white,  yellowifli  or  pearl- 
grey,  lavender  or  violet-blue,  or  flefli-red.  Its 
internal  luftre  is  pearly  varying  from  fhining  to 
gliftening.  Its  fracfture  is  fibrous,  either  parallel, 
with  fine  and  curved  fibres,  or  divergent,  with 
coarfe  and  ftrait  ones.  Its  fragments  are  wedgc- 
fliaped  or  fplintery.  It  varies  from  tranflucent 
to  femi-tranfpartnt ; It  is  tender  and  brittle  : in 
other  refpedfs  it  agrees  with  the  pi'eceding  va- 
riety. 

Rock  fait  forms  a peculiar  fpecies  of  rock, 
the  proper  geological  fituation  of  which  is  be- 
tween the  oldeft  fecondary  gypfum  and  fecon- 
dary  fandftone  : it  forms  continuous  beds  of 
great  thicknefs,  and  often  occurs  in  large  foli- 
tary  blocks  : it  is  always  accompanied  by  femi- 
indurated  clay,  for  the  moft  part  ftrongly  im- 
pregnated with  fait ; and  alternates  with  beds 
of  fwineftone,  gypfum,  limeftone,  and  fandftone. 
The  beds  of  fait  are  moftly  below  the  furface  of 
the  ground,  but  fometimes  it  rifes  into  hills  of 
confiderablc  elevation.  At  Cordova  in  Spain,, 
according  to  Bowles,  there  is  a hill  between 
four  and  five  hundred  feet  high,  compoled  en- 
tirely of  this  mineral. 

Rock  fait,  though  not  of  very  frequent  occur- 
rence, is  however  by  no  means  rare  ; the  moft 
celebrated  mines  are  thofe  of  Wielicza  in 
Gallicia,  of  Halle  in  the  Tirol,  of  Poland,  of 
Caftille.^  in  Spain,  and  Chelhire  in  England. 
In  the  province  of  Laihor  in  Hindoftan,  Is  a lull 
of  rock  fait  of  equal  magnitude  with  that  near 
Cordova.  The  mines  of  Iletiki  in  Ruffia,  yield 
vaft  quantities  of  this  fubftance  ; it  is  fo  plenti- 
ful in  the  defart  of  Caramania  and  the  air  is  fo 
dry,  that  it  is  there  ufed  as  a material  for  build- 
ing : it  forms  the  furface  of  a large  part  of  the 
Northern  defart  of  Lybia,  according  to  Horne- 
man  ; it  is  alfo  found  in  abundance  in  the  defarts 
of  Peru. 

Muriat  of  foda  has  a pure  faline  tafte  without 
any  mixture  of  bitternefs.  It  cryftallizcs  in  cubes 
when  obtained  by  flow  evaporation  from  its  folu- 
tion,  but  when  procured  by  a boiling  heat  (as  is 
the  cafe  with  moft  of  the  fait  ufed  for  culinary 
purpofes)  the  form  is  that  of  a hollow  inverted 
pyramid,  refembling  a hopper,  and  is  made  by 
a fuccelfive  aggregation  of  cubes  round  a central 
one,  whilft  floating  on  the  furface  of  the  brine,, 
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whllft  the  increafing  bulk  of  the  mafs  caufes  it 
gradually  to  link  lov/er  in  the  liquor. 

Common  fait  is  very  foluhle  in  water,  8 parts 
of  the  latter  will  diffolve'  fomewhat  lefs  than 
3 of  fait  at  a moderate  temperature,  and  fcarcely 
any  more  is  taken  up  at  a boiling  heat,  fo  that 
no  lalt  can  be  obtained  from  a hot  liiturated 
folution  by  mere  cooling,  but  only  by  evapora- 
tion of  the  fluid.  Salt  contains  but  little  uater 
of  cryftallization,  and  hence  when  thrown  in 
the  fire  or  fuddenly  heated  it  decrepitates  or 
flies  to  pieces  with  a crackling  noife.  If  heated 
red  hot  it  melts,  and  at  a ftill  higher  tempera- 
ture it  flies  off  in  the  form  of  denfe  white  fumes, 
but  is  not  decompofed  by  volatilization. 

It  is  compofed  according  to  Kirwan,  of  53 
per  cent,  of  foda,  and  47  muriatic  acid  and 
water,  and  the  quantity  of  real  acid  is  fiich 
that  too  parts  of  the  cryllallized  fait  decom- 
pofed by  nitrat  of  filver,  will  give  233I  of  luna 
cornea, of  which  the  mere  acid  is  38.6.*’  It 
mufl  be  obferved  that  there  is  fome  difference 
in  the  analyfes  of  different  chemifts,  but  taking 
the  above  data  as  corre£I,  too  parts  of  cryftal- 
lized  muriat  of  foda  will  contain  53  of  foda, 
38.6  of  acid,  and  8.4  of  water. 

Common  fait  is  generally  faid  to  be  infoluble 
in  alcohol,  however  Mr.  Kirwan  found  that  in 
a moderate  temperature  100  grs.  of  alcohol,  at 
.900  fp.  gr.  dilTolved  5.8  grs.  of  fait ; the  fame 
quantity  at  .872  fp.  gr.  diflblves  3.6  grs  j and 
even  at  .834  fp.  gr.  it  diflblved  ^ a grain. 

Muriat  of  foda  may  be  decompofed  in  a 
variety  of  ways;  its  acid  is  readily  and  totally 
expelled  by  the  fulphuric  at  a moderate  heat : 
its  alkali  may  be  procured  by  a variety  of  me- 
thods, many  of  which  are  ufed  in  the  great 
way,  and  will  be  fhortly  defcribed  at  the  end 
of  this  article. 

We  now  proceed  to  the  mention  of  methods 
by  which  are  procured  the  immenfe  quantities 
of  common  fait  employed  by  man  in  almoft 
every  country  on  the  face  of  the  globe. 

It  has  been  already  mentioned  that  native  fait 
is  found,  either  folid,  under  the  furface  of  the 
earth  (when  it  is  often  termed  fal  gem,  and  of 
which  that  in  the  county  ofChefter  in  this  country 
is  a flriking  example)  or  diflblved  in  natural 
brine  fprings,  which  are  always  found  in  the 
neighbourhood  of  rock  fait : or  it  is  left  by  the 
fpontaneous  evaporation  of  many  inland  lakes 
and  pools  in  different  parts  of  the  world  : or 
laftly,  an  inexhauftible  (lore  of  it  is  contained 
in  the  waters  of  the  ocean.  Sometimes  the 
rock  fait  is  found  fufficiently  pure  to  be  ufed 


without  any  preparation  ; this  however  Is  rare, 
for  by  far  the  greater  part  of  the  fait  ufed 
throughout  the  globe,  is  got  by  evaporation  of 
fait  water,  either  by  natural  or  artificial  heat, 
or  often  by  both.  The  general  procefs  of 
making  fait  from  brine  by  artificial  heat,  is  very 
Ample  and  obvious,  being  little  elfe  than  putting 
the  brine  into  a broad  fliallow  iron  pan,  bring- 
ing it  to  a boiling  heat  by  furnaces  underneath, 
and  continuing  the  evaporation  nearly  to  dry- 
nefs,  during  which  the  fait  gradually  feparates 
as  the  water  is  diflipated,  and  is  afterwards  col- 
le£Ied  and  gently  dried.  But  there  are  feveral 
circumftances  relating  to  falt-making  which  de- 
ferve  the  attention  of  the  chemift,  and  require 
to  be  related  more  at  large. 

We  fhall  give  in  a few  words  the  procefs  of 
falt-making  as  praftlfed  in  Chefhire,  being  the 
place  whence  molt  of  the  fait  ufed  in  this  country 
is  obtained. 

The  brine  Is  firft  pumped  up  from  very  deep 
wells,  by  powerful  machinery,  and  is  difcharged 
in  a large  pond  or  refervoir . If  the  brine  is  weak  in 
fait,  it  is  generally  ftrengthencd  and  nearly  fatu- 
rated  by  throMung  in  a quantity  of  the  more 
impure  rock  fait  dug  up  in  the  neighbourhood,, 
particularly  in  thofe  falt-works  that  have  the 
convenience  of  water-carriage  from  the  pits. 
There  is  a confiderable  difference  in  the  purity 
of  the  brine  from  different  pits,  all  contain  a 
final  1 portion  of  earthy  fait,  chiefly  fulphat  of 
lime,  and  a fmall  quantity  of  carbonat  of  lime 
held  in  folution  by  an  excefs  of  carbonic  acid, 
and  frequently  alfo  a little  carbonat  of  iron. 
The  pureft  brine  is  perfedlly  limpid,  of  a pure 
faline  tafte,  and  a peculiar  cold  green  hue. 
This  laft  Indicates  the  abfence  of  iron,  for  when 
even  the  fmallefl  admixture  of  oxyd  of  iron  is 
prefent,  thd  water  has  a yellowifli  caft,  and  the 
fait  made  from  it  never  acquires  that  delicate 
blue-whitenefs  which  is  confidered  as  a criterion 
of  its  perfe£tion.  The  falt-pans  where  the  brine 
is  boiled  down  are  oblong  fliallow  troughs  of 
wrought  iron,  ufually  from  20  to  30  feet  long 
and  broad,  and  about  9 to  12  inches  deep.  , 
They  are  fet  flrongly  upon  mafonry,  over  a 
large  furnace,  the  flues  of  which  draw  all  round 
the  pan.  The  fuel  is  coal,  of  which  there  are 
many  pits  at  no  great  diftance.  Eaeh  pan 
Hands  in  a fmall  covered  building,  •with  a pyra- 
midal roof  formed  of  boards  Hoping  downwards, 
but  with  a confiderable  interval  between  each, 
fp  as  to  keep  off  the  rain,  and  at  the  fame  time 
to  allow  of  a free  paffage  for  the  fleam  of  the 
boiling  brine. 


* Klaprotli.  ‘ Kii  wan,  Min.  Waters,  p.  239.  ' Original  Communication. 
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The  whole  procefs  of  boiling,  purifying,  and 
evaporating  the  brine,  is  performed  in  this  fingle 
pan. 

The  brine  after  (landing  fome  days  in  the 
refcTvoir,  is  pumped  into  the  pan.  When 
heated  to  about  ioo°  it  begins  to  grow  turbid, 
owing  to  the  depofition  of  the  carbonat  of  lime 
and  of  iron  (if  any)  by  the  expulfion  of  the  car- 
bonic acid  which  held  them  in  folution.  This 
forms  a fcum  on  the  furface  of  the  brine  which 
is  partly  removed  by  a (kimming  difh,  but 
much  of  it  falls  to  the  bottom,  and  if  fuffei’ed 
to  remain  would  materially  injure  the  quality  of 
the  fait.  To  clear  it  out  the  brine  is  evaporated 
till  it  begins  to  fa/t,  that  is,  till  a portion  of  the 
muriat  of  foda  begins  to  feparate,  and  this  falling 
to  the  bottom  mixes  with  the  carbonat  of  lime 
and  gives  it  a body,  which  enables  the  workman 
to  draw  it  out.  This  is  carefully  done,  and  the 
fediment  thus  obtained  (called  clearings)  is 
thrown  away,  which  from  a pan  of  24  feet  by 
27,  ufually  amounis  to  about  three  or  four 
bufhels.  The  evaporation  is  then  continued  at 
a boiling  heat,  and  the  fait  gradually  colle£ts 
at  the  furface  and  falls  to  the  bottom  in 
beautiful  cryftals  of  a pure  and  delicate  white, 
where  the  brine  is  good.  As  the  proccfs  ad- 
vances and  the  fait  collefls  in  quantity,  it  is 
fifiied  out  from  the  bottom  of  the  pans  by  wooden 
velTels,  and  poured  into  large  hollow  wooden 
cones,  with  a hole  at  bottom,  and  fufpended 
round  the  fide  of  the  pans.  Here  it  drains, 
and  the  drainings  drop  again  into  the  pans. 
When  the  procefs  is  co^ipleated  and  the  contents 
of  the  pan  evaporated  almoft  to  drynefs  (which 
ufually  takes  a fi  gle  day  and  a night)  the  cones 
full  of  the  fait  are  taken  to  a large  room  made 
very  hot  by  floves,  where  they  remain  till 
thoroughly  dry. 

The  grain  of  the  fait  is  determined  by  the 
rapidity  of  the  evaporation  and  the  degree  of 
heat  ufed.  In  the  common  falt-making  the 
water  is  evaporated  at  a full  boiling  heat,  that  is, 
as  fall  as  poifiWe,  and  hence  the  grain  is  fmah, 
and  the  lalt  comparatively  foft.  'I'he  contents 
of  a fingle  pan  are  ufually  worked  off'  in  twenty- 
four  hours,  except  from  Saturday  to  Monday, 
when  two  days  are  taken,  and  hence  a larger 
and  harder  grained  fait  is  made,  which  is  much 
clleemed  in  the  country  for  halting  cheefe. 

It  is  found  by  experience  that  fome  brines 
will  not  reacfily  jait  by  mere  evaporation,  but 
that  fome  addition  is  required  to  make  them  work 
well  and  the  fait  fall  regularly.  This  addition 
is  generally  calve’s  feet  j 1 y,  fometimes  glue, 
fometimes  white  of  eggs,  fometimes  blood,  and 


in  (hort  any  animal  or  vegetable  mucilage  fecms 
to  anfwer  the  purpofe.  It  is  ufual  to  have 
(landing  in  a corner  of  the  pan  an  earthen  vefl'el 
containing  eight  or  ten  pair  of  calve's  feet,  to 
which  hot  brine  is  added  to  extra£l  the  jelly, 
and  after  the  clearings  are  removed  and  the  brine 
begins  to  fait,  the  workman  adds  a little  of  the 
jelly  at  difcretion.  The  precife  ufe  of  this  ad- 
dition is  by  no  means  obvious,  nor  is  it  abfo- 
lutely  neceflary,  but  long  experience  has  (liewn 
it  to  be  ufeful  in  many  kinds  of  brine. 

Another  difficulty  fometimes  arifes.  In 
general  the  brine  when  it  once  has  begun  to 
fait,  goes  on  to  vrork  well  to  the  la(l,  every 
part  of  the  furface  being  fufficiently  cover'ed 
with  fmall  cryftals  of  fait,  which  Icon  grow 
into  a group  forming  a fmall  floating  iiland 
of  fait,  which  foon  finks  to  the  bottom  by  its 
own  weight,  and  leaves  a clear  furface  above, 

' which  again  is  covered  in  the  fame  manner. 
But  fometimes  from  fome  unknown  caufe,  a 
thick  ffiapelefs  cruft  of  fait  forms  rapidly  over 
the  whole  pan,  v.hich  foon  hardens  to  a dry 
floating  cake  of  fait,  preventing  in  a great  mea- 
fure  the  efcape  of  the  fleam,  and  materially 
retarding  the  procefs.  To  remedy  this  a fmall 
lump  of  butter,  not  more  than  about  half  an 
ounce,  is  thrown  into  the  pan,  wdiich  quickly 
melts  and  diffufes  itlelf  over  the  dry  cake  of 
fait,  and  caufes  it  to  break  up  and  fink,  after 
which  the  halting  goes  on  well. 

After  the  brine  has  been  evaporated  nearly 
to  drynefs,  and  indeed  during  the  latter  part  of 
the  boiling  there  is  depofited  on  the  bottom  and 
fides  of  the  pan  a hard  wffiite  faline  and  earthy 
cruft,  w'hich  ftrongly  adheres  to  the  pan,  and 
is  partly  fufed  to  its  furface  by  the  intenfity  of 
the  fire  in  proportion  as  the  fides  become  dry 
by  the  lofs  of  liquid. 

This  Cfuft  daily  accumulates  and  produces 
much  inconvenience,  partly  by  injuring  the 
quality  of  the  fait,  but  chiefly  by  inci'tafing  the 
diftance  between  the  fire  and  the  brine,  and 
forming  a thick  coating  tlu’ough  which  the  heat 
penetrates  xvith  difficulty.  Hence  it  becomes 
neceflary  about  once  a month  to  difeontinue  the 
boiling  for  a day,  and  to  pick  and  beat  off  this 
cruft  with  hammer  and  chiilel  often  to  the  great 
injury  of  the  pan  itfelf.  'The  pickings  or  pan- 
fcratch  as  they  are  alio  called  are  thrown  away. 
Their  analyfis  will  be  mentioned  afterwards. 

A very  large-grained  and  beautiful  fait  is 
made  at  Liverpool  and  fome  other  places  by 
very  flow  evaporation  of  faturated  brine,  and 
firings  or  (licks  are  put  into  the  pan  on  which 
the  cryftals  form,  as  in  the  making  of  fugar- 
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candy.  This  fait  is  iifed  in  the  curing  of 
and  is  called  filhery-falt. 

Much  of  the  fiiieft  part  of  the  rock  fait  dug 
out  from  the  pits  near  Northwich  in  Chefliire 
fthc  only  rock-pits  in  the  kingdom)  is  exported 
to  Ireland,  the  Weft  Indies  and  other  parts, 
and  of  late  years  a plan  has  been  adopted  of 
bruifing  it  by  rollers  and  bringing  the  fragments 
to  the  lize  of  the  common  bay  and  fifliery  fait, 
in  which  ftate  it  is  found  to  anfwer  well  for 
curing  fifh  and  meat. 

The  chemical  analyfis  of  the  different  brines 
and  produfts  or  impurities  in  falt-making  will 
be  prefently  mentioned. 

The  above  method  of  falt-making  has  been 
praftifed  in  the  Chefhire  works  with  fcarcely 
any  variation  ever  fince  rheir  firft  eftablilhment, 
the  methods  employed  in  other  countries  of 
concentrating  weak  brine  before  boiling  being 
unneceflary  here,  as  there  is  abundance  of  ftrong 
brine  and  a further  opportunity  of  faturating 
the  weak  by  the  rock  fait. 

As  the  greateft  inconvenience  In  falt-making 
is  the  precipitation  of  the  earthy  impurities  and 
the  dilEcuky  of  preventing  them  from  mixing 
with  the  fait;  a plan  has  lately  been  adopted 
(under  patent)  in  fome  works  near  Northwich,  of 
heating  the  brine  in  a feparate  pan  to  the 
degree  at  which  the  earthy  cai'bonats  precipitate, 
before  it  is  fent  into  the  large  faking  pan.  It 
is  found  that  the  fame  fire,  by  extending  the 
flues,  will  heat  this  preparing  pan  which  is 
contiguous  to  the  other,  and  the  time  in  which 
one  pan-full  Is  worked  off  is  fufficient  to  bring 
the  frelh  portion  to  the  requifite  heat,  and  to 
purify  It  confiderably. 

We  fhall  now  relate  fome  of  the  leading 
circumftances  of  the  preparation  of  fait  in 
foreign  countries  as  far  as  they  differ  from  that 
above  delcribed. 

When  a weak  brine  is  expofed  to  the  at- 
mofphere  the  watery  part  gradually  evaporates, 
and  with  it  the  carbonic  acid  which  it  contains, 
the  effe£t  of  which  is  to  concentrate  the  folution 
and  alfo  to  caufe  the  depofition  of  the  earth 
and  oxyd  of  iron  which  the  carbonic  acid  held 
diffolved.  As  evaporation  much  depends  on 
the  furface  expofed  to  the  air,  a very  ingenious 
method  has  been  adopted  of  promoting  this  by 
caufing  the  weak  brine  to  fall  fucceffively 
through  large  bundles  of  faggots,  whereby  a vail 
confumption  of  time  and  fuel  in  the  fubfequent 
evaporation  is  prevented.  This  operation  Is 
czWeiii  graduation,  and  the  place  In  which  it  is 
performed  a graduating  houfc. 

' Mcni.  de  I’/l 


This  confifts  of  a very  long  range  of  rows  of 
faggots  placed  perpendicularly,  and  rifing  to 
the  height  of  about  25  feet  and  difpofed  in 
cones,  the  fummits  of  which  are  about  6 feet 
in  diameter,  and  the  bafes  about  10.  Juft 
above  the  faggots  is  a trough  perforated  with 
holes  at  fmall  intervals,  furniflied  with  flop- 
cocks,  and  the  whole  is  covered  with  a pent- 
houfe  roof.  At  the  bottom  of  the  faggots  is 
another  trough  to  catch  the  brine.  The  length 
of  thefe  houfes  is  determined  by  the  quantity  of 
brine  wanted,  fometimes  it  Is  enormous.  In 
fome  parts  of  Germany  there  are  graduating 
houfes  fix  thoufand  feet  long,  but  in  gener^ 
they  are  from  200  to  1000. 

The  weak  brine  is  firft  raifed  by  pumps  to 
the  upper  trough,  when  the  flop-cocks  are 
turned  and  the  w'ater  made  to  fall  like  a fliower 
of  rain  through  the  faggots  into  the  trough 
below.  It  is  then  again  forced  up  and  under- 
goes the  fame  operation  fucceffively  till  it  is 
fufficiently  concentrated.  The  ftate  of  the 
atmofphere  has  the  greateft  influence  on  the 
graduation  of  the  brine.  The  evaporation  goes 
on  the  quickeft  in  a dry  air  wdth  a moderate  wind ; 
when  tlie  wind  is  violent  much  of  the  brine  is 
carried  away  in  the  ftate  of  fpray  or  vapour, 
particularly  when  the  column  of  faggots  is  not 
pyramidal  but  has  the  fame  dimenfions  through- 
out. As  a proof  of  this  wafte  Haller  obferves 
that  in  the  neighbourhood  of  thefe  graduating 
houfes  the  ground  becomes  in  a few  years 
covered  with  the  falicornia  and  other  plants 
which  are  known  to  require  a fait  foil  and 
flourifh  on  the  fea-fhore. 

It  has  been  mentioned  that  In  proportion  as 
the  brine  becomes  concentrated  it  parts  with  its 
carbonic  acid,  and  depofits  carbonat  of  lime, 
and  hence  the  faggots  of  the  graduating  houfes 
become  gradually  encrufted,  over  every  twig, 
with  a brown  hard  earthy  matter,  confifting 
chiefly  of  carbonat  of  lime.  Thus  in  a courfe 
of  years  the  faggots  are  entirely  covered  with 
flalactite  as  in  the  common  petrefa£lions, 
and  the  furfaces  for  evaporation  become  thereby 
fo  much  diminiflied  that  it  is  necefl'ary  to 
replace  them  with  frefli  faggots.  The  time 
that  one  fet  of  faggots  will  laft,  is  about  eight 
or  ten  years. 

The  effe£l  of  graduation  In  concentrating 
brine  is  very  linking.  Baron  Haller  in  his 
valuable  memoir  on  the  fubjedb  gives  the  refult 
of  many  obfervations  on  this  and  other  particu- 
lars relating  to  the  falt-wmrks  in  Swntzerlar.d  of 
which  he  was  the  diredlor.'* 

:ad.  for  1764. 
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The  brine  fprings  in  this  country  feldom 
contain  more  than  one  per  cent,  of  ialt  in  the 
natural  (late,  but  by  mere  graduation  the  brine 
is  brought  as  high  as  20  per  cent,  after  which 
it  is  ready  to  be  boiled  down  as  ufual.  To 
effect  this  concentration  therefore,  20  parts  of 
brine  muft  part  with  19  by  evaporation  through 
the  faggots.  The  depofition  of  ftaladlite  hard- 
ly begins  till  the  brine  is  brought  to  5 per 
cent,  of  fait,  and  it  ceafes  altogether  when  it 
is  brought  to  1 5 per  cent.  The  graduation  of 
the  brine  becomes  flower  as  the  concentration 
increafes.  With  regard  to  the  a£lual  efFedf  of 
a given  quantity  of  faggots,  Haller  finds  that 
at  a mean  degree  of  concentration  or  10  per 
cent,  the  evaporation  of  a Angle  day  in  Swit- 
zerland, taking  the  average  of  the  entire  year, 
is  IX  00  cubic  feet,  (reckoning  the  weight  of 
the  cubic  foot  at  46  lb.  of  18  oz.)  in  a row  of 
faggots  20  feet  high,  and  735  long.  When 
the  fun  Ihines  ftrongly,  the  exhalation  is  more 
than  double  the  above  quantity. 

A graduating  houfe  of  the  above  dimenfions 
is  eftimated  to  have  always  at  work  about 
1,912,000  lbs.  of  brine,  and  this  quantity  is 
furniflred  eleven  times  in  the  year  to  the  boiling 
pans.  There  appear  to  be  two  inconveniences 
in  graduation,  one,  which  is  but  trifling  is,  that 
the  brine  extra£ls  at  firft  fome  colouring  matter 
from  the  faggots,  which  is  never  totally  got  rid 
of  in  the  fubfequent  evaporation,  fo  that  the 
fait  has  a little  brownifti  tinge.  The  other  is 
more  ferious,  and  it  is  the  a&ual  lofs  of  brine 
by  graduation  either  when  the  wind  is  too  vio- 
lent, or  the  procefs  managed  unlkilfully  and 
the  faggots  not  well  arranged.  This  in  fome 
fait  works  is  eftimated  as  high  as  from  30  to 
40  per  cent. 

Klaproth  has  fome  valuable  experiments  on 
graduated  brines  in  his  analyfis  of  the  fait 
fprings  of  Kbniglborn,  which  is  a fait  moun- 
tain extending  from  Paderborn  to  the  Dutchy 
of  Cleves,  and  into  the  bifhoprick  of  Munfter. 
The  brine  is  found  much  ftronger  the  deeper 
it  is  drawn.  That  obtained  at  50  feet  from  the 
furface  contains  only  i|  to  2 per  cent  of  fait, 
at  80  feet  it  is  2| ; and  at  1 20  feet  it  rifes  to 
3 1 or  3I  per  cent. 

The  method  purfued  by  this  excellent  chemift 
in  the  analyfis  of  the  brine,  may  be  alfo  ftiortly 
mentioned  as  a diredlion  to  the  reader  who 
may  wifh  to  repeat  the  experiments. 

I.  Fifty  cubic  inches  of  brine  (each  equal 
to  290  grs.  of  diftiUed  water)  were  evaporated 


to  drynefs  In  a fand  heat,  and  the  weight  noted. 

2.  The  refidue  was  covered  with  alcohol  and 
digefted  in  a moderate  heat  for  24  hours. 

3.  The  alcoholic  folutlon  was  poured  off  and 
evaporated  to  drynefs,  and  frefli  alcohol  poured 
on  the  refidue  in  order  to  rediflblve  all  the  falts 
except  the  fmall  portion  of  common  fait  which 
the  firft  alcohol  had  taken  up.  The  laft  al- 
coholic folution  was  then  evaporated  to  drynefs 
and  the  refidue  weighed. 

4.  The  dry  refidue  from  the  laft  alcoholic 
folution  confifted  of  muriat  of  lime  and  muriat 
of  magnefia,  and  the  weight  of  each  was 
determined  In  the  following  manner:  the  refidue 
was  diffolved  in  water,  and  the  earth  precipi- 
tated by  carbonat  of  foda.  This  earth,  well 
waflied,  was  then  combined  with  fulphuric  acid 
to  excefs,  and  after  the  mixture  had  ftood  a 
while  in  a warm  place,  the  excefs  of  acid  was 
abforbed  by  adding  carbonat  of  lime.  The 
folution  was  then  evaporated  confiderably  (re- 
moving the  fulphat  of  lime  as  it  was  formed) 
and  then  expofed  to  exhalation  in  the  open  air, 
whereby  the  fulphat  of  magnefia  was  feparated 
in  cryftals.  Thefe  laft  were  colle£led,  re- 
diffolved  in  water,  decompofed  by  foda,  and 
the  magnefia  faturated  with  muriatic  acid  and 
evaporated  to  drynefs.  It  was  then  pure  muriat 
of  magnefia  brought  to  the  ftate  in  which  it 
exifted  in  the  dry  refidue  of  the  brine,  and  the 
weight  of  the  muriated  lime  originally  mixed 
with  it  was  found  by  fubtraiSHng  the  weight  of 
the  muriat  of  the  magnefia  from  that  of  the 
entire  alcoholic  refidue. 

5.  The  dry  fait  remaining  after  the  feparation 
of  thefe  earthy  muriats  was  then  diffolved  in 
water  and  filtered. 

6.  What  was  left  on  the  filter  confifted  of 
fulphat  and  carbonat  of  lime,  and  exyd  of  iron. 
When  weighed,  it  was  treated  with  muriatic 
acid,  and  the  fulphat  of  lime  left  on  the  filter. 
Ammonia  was  added  to  feparate  the  iron  which 
was  collefted  and  weighed. 

7.  The  clear  folution  of  No.  5 might  ftill 
contain  fulphat  of  lime;  it  was  therefore  boiled 
with  carbonated  foda,  when  a carbonated  lime 
fell  down.  The  foda  added  was  then  neutra- 
lized by  muriatic  acid,  and  muriat  of  barytes 
added,  which  gave  a precipitate  of  fulphat 
of  barytes,  fhewing  therefore  the  exiftence  of 
fulphuric  acid  In  the  brine,  which  muft  have 
been  combined  with  the  lime  obtained  by  the 
foda.  The  quantity  of  fulphat  of  lime  was 
Inferred  from  th«  united  weights  of  the  car- 
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bonat  of  Kme  and  the  fulphat  of  barytes,  and 
from  the  quantity  of  the  latter  alfo  it  was  proved 
that  no  other  fulphat  exiited  than  that  of  lime. 
The  fame  was  alfo  fliewn  by  the  gradual  folu- 
tion  of  the  fait  in  a mixture  of  two  parts  of 
alcohol  and  one  of  water,  for  the  fulphats  will 
not  fenfibly  dilTolve  in  this  mixture  without 
heat. 

To  fhew  the  precife  effeft  of  graduation  we 
fhall  now  give  Klaproth’s  analyfis  of  brine  firft 
in  its  natural  ftate,  and  then  through  the 
fucceffive  ftages  of  concentration  in  the  gradu- 
ating houfe. 

The  natural  brine  was  as  follows:  the  fpecific 
gravity  1.024: 

The  entire  refidue  from  50  cubic  inches 
weighed  521  grs.  which  was  compofed  as 
follows: 


Muriat  of  lime  - - - 

- 30  grains 

Magnefia  - - 

1 

2 

Carbonated  lime  - - 

- 1 1 

Carbonated  oxyd  of  iron 

1 

2 

Sulphat  of  lime  - - 

- U 

hluriat  of  Soda  - - - 

- 464 
521 

This  brine  was  brought  by  the  firft  gradua- 
tion to  the  fpecific  gravity  of  1.060.  The 
refidue  from  50  cubic  inches  now  weighed 
1 285  grains,  and  confifted  of 


Muriat  of  lime 

Magnefia 


65  grs. 

I 


Carbonated  lime  with  a little  iron  4| 
Sulphat  of  lime  -----  44 

Muriat  of  Soda  - - - - -1170 


1285 


The  fecond  graduation  brought  the  fpecific 
gravity  to  1.076,  and  the  refidue  to  1615  grs. 
which  was  compofed  of 


Muriat  of  lime  - 

Magnefia 

Garbonat  of  lime 
Sulphat  of  lime 
Muriat  of  foda 


75 

2 

3 
48 

1487 


1615 


Muriat  of  lime 

- - 82  grain* 

Magnefia 

- - 3 

Carbonate  of  lime 

“ - 3 

Sulphat  of  lime 

- - 5'i 

Muriat  of  foda 

1710 

0 

GO 

The  third  graduation  gave  a fpecific  gravity 
of  1.086  and  a refidue  of  1850  grains  com- 
pofed of 


By  comparing  the  above  analyfes  we  may 
infer  what  muft  be  the  effeft  in  graduation  both 
in  concentrating  the  brine  and  in  freeing  it  from 
a part  of  its  impurities,  and  what  muft  be  the 
compofition  of  the  ftalaftitical  incruftation  on 
the  faggots  of  the  graduating  houfe.  It  would 
have  been  more  accurate  if  the  fucceffive  changes 
produced  in  an  individual  brine  had  been  noted, 
but  in  the  falt-works  here  mentioned  there 
appear  to  be  a number  of  fprings  all  flightly 
differing  from  each  other  in  the  proportion  of 
ingredients,  the  brine  of  which  is  mingled 
together  before  graduation.  On  the  whole 
however  it  is  obvious  that  the  great  lofs  of  the 
ingredients  of  the  brine  is  in  the  carbonat  of 
lime,  for  fince  the  entire  refidue  of  a given 
quantity  of  the  rough  brine  amounts  to  only 
521  grains,  and  the  refidue  of  brine  thrice  gra- 
duated is  1850  grains,  the  proportion  of  each 
ingredient  (were  there  no  lofsj  fhould  be  ref- 
pe£lively  upwards  of  3I  times  as  much  in  the 
graduated  as  in  the  rough  brine.  Thus  the 
quantity  of  carbonat  of  lime  fhould  in  the 
graduated  brine  be  about  39  grains,  whereas 
it  is  affually  only  3.  This  lofs  of  carbonat  of 
lime  therefore  fhould  be  found  in  the  incrufta- 
tion of  the  graduating  faggots,  and  accordingly 
this  is  the  cafe;  for  by  analyfis  960  grains  of 
this  cruft  contains  no  lefs  than  828  of  carbonat 
of  lime.  The  exadt  analyfis  of  this  fubftance 
is  as  follows: 

Impure  common  fait  - - 4 grains 

Sulphat  of  lime  - - - 25 

Carbonated  oxyd  of  iron  - 92 

Carbonated  lime  - - - 828 

Moifture  » _ - - _ 1 1 

960 

The  carbonated  oxyd  of  iron  alfo  difappears 
from  the  brine  during  graduation,  and  is  found 
in  the  incruftation. 

When  the  brine  is  boiled  down,  what  remains 
of  the  carbonat  of  lime  in  it  is  precipitated 
along  with  felenite  and  common  fait,  and  forms 
that  hard  cruft  which  adheres  fo  firmly  to  the 
pan,  and  has  been  deferibed  already  under  the 
term  pickings  ox  pan-Jcratch, 


MUR 


MUR 


( 125  ) 


One  pound  of  this  analyzed  by 
eompofed  as  follows: 

Moifture  - - 

Muriated  lime 

Magnefia 

Soda  - 

Carbonat  of  lime 
Sand  - - - 

Sulphat  of  lime 

1600 

The  mother  watery  or  liquor  left  in  the  fait 
pan  after  all  the  fait  that  it  is  thought  proper  to 
work  otF  is  taken  out,  is  a very  denfe  bitter 
fluid.  Its  fpecific  gravity  is  as  high  as  1.218. 
Fifty  cubic  inches  yielded  by  evaporation  5440 
grains  of  dry  fait,  eompofed  of 

Muriated  lime  -----  660 

— — Magnefia  - - - 840 

Sulphat  of  lime  ----100 
Common  fait  -----  3840 


5440 

It  is  remarkable  that  the  muriated  magnefia 
is  here  a fourth  more  than  the  muriated  lime, 
whereas  in  the  brine,  both  rough  and  graduated, 
it  is  not  more  than  yV  or  -jV  of  the  muriated 
lime.  Hence  much  of  the  latter  muft  be 
decompofed  during  the  boiling,  to  which 
Klaproth  attributes  the  ftrong  fmell  of  muriatic 
acid  perceivable  when  the  evaporation  is  nearly 
compleated. 

A very  full  and  accurate  account  of  all  the 
procefles  employed  in  the  large  fait- works  of 
Salins,  Moyenvic,  and  other  brine  fprings  in 
Franche  Comte  in  the  South  of  France  on  the 
borders  of  Savoy,  is  given  by  Nicolas,  who 
examined  them  on  the  fpot.® 

We  flrall  not  tranferibe  it  at  large  to  avoid 
repetition,  the  general  method  being  that  al- 
ready mentioned,  viz.  of  concentrating  the 
brine  by  graduation,  then  boiling  down  in  iron 
pans.  But  fome  varieties  of  pradlice  and  other 
circumftances  contained  in  this  valuable  me- 
moir are  worth  relating. 

The  brine  gives  by  analyfis  the  following 
ingredients.  One  French  pound  (of  16  oz. 
and  576  grs.  to  the  ounce)  contains  of 

OZ.  grs. 

Muriat  of  foda  - - 7 — 529 

Sulphat  of  lime  - - 23 

Sulphat  of  foda  - - 75 

Muriat  of  lime  and  magnefia  8 1 


Three  kinds  of  fait  are  made  at  Salins, 
namely,  large  grained,  fmall-grained,  and  loaf- 
falt.  The  common  or  fmall  grained  Is  that 
which  is  made  at  a boiling  heat,  continued  to 
the  laft.  The  large-grained  is  made  in  fmall 
pans  placed  contiguous  to  the  boiling  pans  and 
fupplied  by  the  fame  fire,  the  flues  being  con- 
tinued under  them.  The  heat  in  thefe  is  but 
flow  and  the  evaporation  moderate,  which  al- 
lows the  fait  to  form'  in  larger  cryftals.  The 
earthy-faline  feum  which  forms  during  the 
boiling,  is  afterwards  lixiviated  to  extradb  the 
fait  which  it  contains.  The  fchlot  or  pickings 
from  the  pans  contains  much  Glauber’s  fait 
which  is  alfo  extra£led  by  hot  water,  and  when 
the  folution  is  fo  far  concentrated  that  It  would 
cryftalllze  by  cooling,  it  is  flirred  conftantly 
till  cold,  which  makes  the  fait  aflume  a needled 
form  like  the  common  Epfom  fait,  and  is  fold 
as  fuch. 

A very  Ingenious  plan  has  been  introduced 
here  of  applying  the  principle  of  evaporation 
by  the  atmofphere,  not  only  to  the  concentra- 
tion of  the  brine  but  to  the  a£l:ual  cryftallization 
of  the  fait  which  it  contains.  For  this  purpofe 
the  brine  after  common  graduation  on  faggots, 
is  heated  in  the  pan  till  it  begins  to  fait.  It  is 
then  conveyed  to  another  graduating  houfe 
about  250  feet  long,  divided  by  party  walls 
into  fix  arches.  Thefe  fupport  troughs  extend- 
ing the  whole  length  of  the  building  and  fur- 
nilhed  with  proper  holes  for  the  brine  to  fall 
down.  The  fpace  under  each  arch  is  filled 
with  forty  rows  of  endlefs  cords  ft  retched  verti- 
cally on  wooden  frames,  each  of  which  contains 
25  double  cords  parallel  to  each  other,  and 
about  three  inches  afunder.  The  whole  build- 
ing contains  6000  of  thefe  double  cords  about 
3 or  4 lines  in  diameter,  and  about  30  feet 
long.  The  flooring  of  the  building  is  made  of 
fir  planks  well  put  together,  and  gently  floping 
to  one  end  to  convey  the  brine  as  it  falls,  into 
a large  refervoir  from  which  it  is  again  pumped 
up  to  the  upper  trough.  The  fide  of  the  build- 
ing moft  expofed  to  the  weather  is  protefted  by 
a canvas.  The  hot  brine  as  it  pafles  from  the 
boiler  is  fent  into  the  upper  trough  and  then 
falls  down  every  one  of  die  cords  in  a copious 
ftream,  round  which  the  fait  gradually  cryftal- 
lizes  in  a ftala£lltica!  form.  When  the  cruft 
of  fait  forms  a cylinder  from  2' to  2|  inches  in 
diameter  it  is  taken  off,  and  the  procefs  repeated. 
Each  operation  produces  from  3500  to  4000 
quintals  of  excellent  fait,  and  requires  about  a 
month  to  be  formed;  and  as  this  work  can  only 
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be  Carried  on  In  the  height  of  fummer,  the 
cords  can  be  charged  no  more  than  twice  or  at 
the  utmofl:  thrice  in  the  year. 

The  fait  is  broken  by  a kind  of  moveable 
flail  fet  in  a frame  in  which  each  row  of  cords 
is  placed  in  turn. 

The  country  of  Saltzbourg  on  the  borders  of 
the  Tyrol  furniihes  a vaft  fupply  of  fait,  which 
is  procured  from  a large  fait  mountain  near  the 
town  of  Hallein.  No  brine  fprings  are  found 
here,  which  is  a remarkable  circumftance,  as  in 
general  the  neighbourhood  of  rock  fait  abounds 
in  water.  The  rock  fait  however  is  not  work- 
ed out  in  mafs  in  this  country,  but  an  artificial 
brine  is  made  in  the  following  manner. A 
horizontal  gallery  is  cut  in  the  mountain  through 
the  middle  of  the  rock  fait,  from  50  to  200 
fathoms  in  length,  5 feet  high,  and  4 wide. 
This  gallery  is  fupported  above  and  on  the 
fides  by  planking,  and  the  opening  is  flmt  up 
by  an  earthen  wall.  Freflr  water  is  then  let  in 
from  fprings  colleifled  on  the  upper  part  of  the 
mountain,  till  the  whole  gallery  is  filled.  In 
two  or  three  weeks  the  water  by  refting  on  the 
fait  has  acquired  22  per  cent,  of  faltnefs,  after 
which  it  is  drawn  off  and  boiled  down  as  ufual. 
This  procefs  is  then  repeated  as  often  as  ne- 
ceffary,  till  by  degrees  the  galleries  by  the 
gradual  folution  of  the  fides  and  floor  enlarge 
into  vaft  caverns.  The  roof  never  enlarges, 
which  is  rather  a fingular  circumftance. 

The  fea  is  an  inexhauftible  fource  of  fait,  and 
vaft  quantities  of  it  are  made  from  fea-water 
in  different  countries.  Sea-water  is  but  a weak 
brine,  the  folid  contents  of  which  vary  in  diffe- 
rent parts  of  the  world.  In  the  Baltic  it  is  not 
more  than  in  the  Britifh  Channel  about 
and  taken  at  a great  depth  near  the  Equator,  it 
is  about  -jVj  in  which  ftate  its  fpecific  gravity  is 
1.0289,  according  to  Bergman,  who  has  ana- 
lyfed  it.  By  the  experiments  of  this  excellent 
chemift  it  appears  that  an  Englifh  wine  pint  of 
this  fea-water  (of  28.875  cubic  inches)  contained 

grains. 

Of  Muriated  foda  - 241 

— Muriated  magnefia  65.5 
— Sulphat  of  lime  - 8. 
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A fmall  portion  of  carbonated  magnefia  alfo 
feparates  during  the  evaporation. 

Sea-water  therefore  contains  a very  large 
' proportion  of  other  faline  matters  befides  com- 
mon fait,  more  fo  than  the  common  brine  fprings, 
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and  this  being  chiefly  muriated  magnefia,  the 
fait  procured  from  fea-water  is  apt  to  be  bitter 
and  fubjedl  to  deliquefcence  unlefs  a good  deal 
of  pains  be  taken  in  the  boiling,  or  unlefs  the 
evaporation  be  CQndu(fted  very  flowly.  There 
are  feveral  ways  of  getting  the  fait  by  fea-water  ; 
in  warm  climates  this  is  done  altogether  by  the 
heat  of  the  atmofphere,  and  this  forms  the  large- 
grained ftrong  dry  fait  called  bay  fait,  which  is 
preferred  to  any  other  for  curing  provifions  that 
are  intended  to  keep  for  a length  of  time.  Bay 
fiilt  is  made  in  great  perfedlion  in  Spain  and 
Portugal,  by  the  Bifeayans,  and  on  the  Medi- 
terranean fliores  of  France,  and  in  the  Bahama 
iflands  in  the  Weft  Indies.  The  procefs  is  Ample 
and  requires  but  little  apparatus  of  any  kind. 
The  firft  requifite  is  a fea  marfti,  or  {hallow 
artificial  pond,  near  enough  to  the  fea  to  be 
filled  at  high  water.  A level  Ihore  muff;  there- 
fore be  chofen,  and  the  foil  muft  be  clayey  to 
retain  the  water.  The  bottom  of  the  pond  is 
then  laid  out  perfedlly  even,  and  beaten  hard 
and  fmooth,  and  a channel  with  flood-gates  is 
cut  to  the  fea.  The  fait  pools  confift  always 
of  a large  refervoir  communicating  dire£lly  with 
the  fea  at  one  end,  and  at  the  other  with  a num- 
ber of  fmaller  pits  or  beds  on  which  the  fait  is 
made.  The  water  is  firft  evaporated  by  the 
fun’s  heat  confiderably  in  the  refervoir,  and  then 
conveyed  to  the  falt-beds,  which  are  only  a few 
inches  deep,  and  in  which  the  evaporation  is 
compleated  alfo  by  the  fun  and  wind,  and  the 
fait  feparates  firft  in  the  form  of  a white  cruft 
which  is  broken  from  time  to  time  to  expofe  a 
frefh  furface  to  the  air.  The  concentrated  brine 
yields  fait  about  twice  and  fometimes  thrice  a 
week  in  fummer.  The  firft  faline  cruft  that 
forms  is  final  1-grained,  the  latter  large.  Bay 
fait  has  generally  a little  tinge  of  colour,  green 
or  brown,  according  to  the  foil  on  which  it  is 
formed.  It  is  only  made  in  the  fummer  months. 

Another  way  of  making  fait  from  fea-water, 
and  which  is  pra<ftifed  much  on  the  French  and 
other  coafts  of  temperate  climates,  is  partly  by 
the  atmofpherical  evaporation  and  partly  by 
boiling,  for  the  fummers  are  not  hot  enough  in 
this  climate  to  make  fait  by  mere  expofure  of 
brine  to  the  air.  The  general  mode  of  proceeding 
is  that  already  mentioned,  that  is  to  fay,  the 
fea-water  is  expofed  during  the  fummer  in  flial- 
low  artificial  pools,  where  it  becomes  highly 
concentrated,  and  this  is  afterwards  boiled  down 
in  iron  pans  in  the  ufual  mode.  This  way  is 
adopted  largely  in  Scotland,  and  in  a few  parts 
of  England,  particularly  at  Lymington.  The 
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mother  water  that  remains  after  moft  of  the  fait 
has  been  cxtraffed,  contains  much  muriat  of 
magnefia,  and  this  is  advantageoufly  converted 
into  the  fulphat  of  maginfa,  as  will  be  mentioned 
under  that  article. 

There  is  ftill  another  method  of  extracting  the 
fait  from  fea-water,  which  is  by  colledting  the 
fand  that  has  been  repeatedly  molllened  by  the 
fea-water  and  dried,  and  lixiviating  it  in  refer- 
voirs,  where  it  forms  a very  ftrong  brine,  which 
is  then  boiled  down  as  ulual.  This  way  is 
much  pra£tifed  on  the  weftern  coaft  of  France, 
particularly  in  Lower  Normaaidy,  and  at  the  illes 
of  Oleron  and  Rhc.  ^ 

The  fpot  being  chofen  (which  fhould  be  on  a 
level  flrore  with  a clean  fand)  the  neceflary 
buildings  are  ere£ted  namely,  evaporating  pans, 
llore-houfes,  covered  flieds,  &c.  and  an  area 
of  three  or  four  acres  is  fele£led  a little  below 
the  level  of  the  fpring  tides  and  above  the  neap. 
The  furface  is  carefully  levelled  by  the  plough, 
and  rolled  fmooth  and  hard.  It  is  then  filled 
to  the  heighth  of  feveral  inches  with  fand  taken 
from  the  edge  of  the  fea  at  low  water,  and  the 
fand  is  alfo  drenched  with  fea-water  as  the  tide 
flows  in.  It  then  lies  expofed  to  the  fun  and 
wind,  which  foon  dilfipate  the  fuperfluous 
water,  and  the  furface  of  the  fand  appears  co- 
vered with  a white  efllorefcence.  It  is  then 
turned  over  frequently  with  a kind  of  fhovel, 
changing  the  furface  feveral  times  a day  till  the 
whole  is  thoroughly  dry.  This  faline  fand  is 
then  carried  to  the  (beds,  and  the  procefs  re- 
peated with  frefh  fand  till  a large  quantity  is 
colle£Ied,  which  generally  employes  the  whole 
fummer.  To  make  the  fait,  the  dry  fand  is 
taken  out  of  the  Iheds  and  thrown  into  fmall 
round  pits  about  feet  in  diameter,  and  12 
inches  deep,  the  bottoms  of  which  are  lined 
with  hard  rammed  clay  mixed  with  chopped 
ftraw,  to  prevent  the  water  from  oozing  through. 
The  fand  is  then  covered  with  fea-water,  or 
with  the  weaker  ley  of  former  operations,  and 
after  {landing  fome  hours  is  drawn  off  into 
refervoirs  or  barrels,  whence  the  evaporating 
pans  are  immediately  fupplied.  The  fand  is 
lixiviated  a fecond  time,  and  this  ley  is  referved 
for  a frefh  portion  of  fand.  The  boilers  are  of 
lead,  about  3I  feet  fquare,  and  4 or  6 inches 
deep.  They  are  heated  with  wood  of  any  kind, 
or  fometimes  with  reeds,  and  a boiler  of  this 
kind  is  worked  ofF  in  from  two  to  three  hours. 
The  fait  is  raked  out  as  it  forms,  and  drained  in 
hollow  cones,  as  in  other  places.  Three  pans  of 
this  dimenfion  yield  together  about  5olbs.  of  fait. 


The  fait  procured  in  this  way  is  white  and 
fmall  grained,  but  it  is  very  apt  to  be  damp, 
and  is  a weak-bodied  fait  little  fit  for  preferving 
animal  food  for  any  length  of  time. 

In  fome  northern  countries  fome  advantage 
is  made  of  the  efle£l  of  cold  in  concentrating 
brine,  by  freezing  at  firfl  only  the  more  watery 
part,  of  courfe  leaving  the  unfrozen  part  pro- 
portionably  richer  in  fait.  The  winters  of  this 
country  are  not  cold  enough  in  general  for  this 
purpofe,  but  it  is  ufed  occafionally  on  the  Baltic 
coafts.  The  cold  however  mull  not  be  too 
intenfe,  otherwife  the  brine  itfelf  freezes.  Fro- 
zen fait  water  is  not  in  hard  folid  maffes  like 
frefh  water,  but  it  is  foft  and  crumbly  or  rotten. 
The  efficacy  of  this  method  of  concentrating 
brine  is  very  confiderable. 

Though  much  of  the  French  fea-falt  is  very 
indift'erent,  the  Dutch  refine  it  into  a very  ex- 
cellent fait,  which  is  ufed  in  pickling  the  her- 
rings for  which  this  nation  is  fo  juflly  famous, 
and  wiiich  trade  is  under  the  flri£left  infpe£lion 
as  to  the  goodnefs  of  the  fait,  and  the  care  to 
be  taken  in  every  Ilep  of  the  bufinefs.  It  is  not 
precifely  known  whether  the  Dutch  do  any 
thing  more  than  boil  the  fait  again  and  evaporate 
flowly,  except  that  it  is  the  conftant  cuflom 
when  the  brine  begins  to  fait,  to  add  a fmall 
quantity  of  very  four  whey,  which  is  found  by 
experience  to  be  a very  important  addition. 

I 

* * # * 

It  has  been  fuppofed  by  fome  eminent  obfer- 
vers  that  when  a confiderable  depth  of  brine 
not  faturated,  remains  at  reft  for  a time,  there 
is  a gradual  but  invifible  fubfidence  of  the  fait, 
fo  that  the  lower  part  of  the  column  of  brine 
will  be  fenfibly  falter  than  the  upper.  To  this 
has  been  attributed  the  increafe  of  faltnefs  in 
the  fea,  in  proportion  to  the  depth  whence  the  ' 
water  is  taken.  With  regard  to  land  brine- 
fprings,  it  is  indeed  certain  that  the  deepeft  are 
ufually  much  the  falteft,  but  this  may  be  readily 
accounted  for  from  the  conftant  infiltration  of 
frefh  water  which  almoft  always  lies  above  the 
fait  rock,  and  fometimes  in  vaft  quantity. 
Hence  it  is  neceflary  in  moft  places  (as  in. 
Chefliire  for  example)  to  line  the  fides  of  the 
brine  well  with  very  ftrong  planking,  and  even 
this  cannot  entirely  keep  out  the  frefh  water, 
which  always  finds  fome  way  in. 

But  an  experiment  of  Haller  fliews  that  there 
is  adlually  a fubfidence  of  fait,  or  at  leaft  fome- 
thing  takes  place  which  produces  a fimilar 
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effect.  For  this  purpofe  he  made  and  fixed  up 
vertically  a tube  of  tinned  iron,  33  feet  high,  and 
filled  it  with  brine  containing  12  per  cent,  of 
fait,  and  clofed  the  top.  In  two  months  it  was 
opened.  Fifteen  inches  of  liquid  had  oozed  out, 
the  brine  at  the  furface  (or  1 5 inches  below  the 
level  when  put  in)  gave  only  94  per  cent,  of  fait, 
at  1 1 feet  lower  it  was  nearly  the  fame,  but  at 
the  bottom,  or  33  feet,  it  gave  i per  ce  *t. 
This  difference  however  is  too  fmall  to  proriiife 
any  advantage  in  concentrating  weak  brines  by 
mere  fubfidence. 

The  fame  excellent  obferver  has  given  a ferles 
of  accurate  obfervations  on  the  fpontaneous 
evaporation  of  brine  expofed  to  the  weather  in 
I'ummer  in  refervoirs  of  a given  dimenfion,  at 
Aigle  in  the  canton  of  Berne.*'  Though  a m.oun- 
tainous  country  the  climate  is  here  warm  enough 
for  the  vine  and  pomegranate.  The  heat  in 
the  middle  of  fummer  rifes  from  140°  to  144° 
in  the  fun.  To  contain  the  brine  a refervoir 
w'as  made  of  the  coarfe  marble  of  the  country, 
the  joints  of  which  were  lined  with  afphal- 
tum  to  prevent  leakage.  This  refervoir  was 
covered  with  a light  moveable  roof,  which  was 
put  up  only  in  rainy  weather.  Another  refer- 
voir was  alfo  made  of  wood,  but  it  is  found  that 
the  foundeft  timber  will  not  entirely  Hand  the 
preffure  of  a column  of  fait  water  except  of 
a few  inches,  for  after  a time  the  brine  oozes 
through,  and  covers  the  outfide  with  a ftaladfi- 
tical  faline  cruft.  The  particulars  of  thefe  ex- 
periments which  were  carried  on  with  great 
attention  for  feveral  years,  need  not  be  related 
at  large,  as  they  are  calculated  for  a climate 
very  different  from  ours.  In  general  it  may  be 
obferved  that  the  utmoft  exhalation  for  a fingle 
day  in  fummer,  was  found  to  be  3 lines  or 
i df  an  inch.  Scarcely  any  thing  exhaled  in 
the  winter  months.  From  OGober  to  February 
(4  months)  the  entire  exhalation  was  only  10 
lines.  In  March,  the  average  exhalation  for 
the  whole  month  was  15  lines;  in  April  35; 
in  May  48  ; in  June  44  ; in  July  47  ; in  Auguft 
35  ; in  September  25,  and  in  Otfober  15.  The 
mean  exhalation  from  March  to  0£Iober  there- 
fore, was  261  lines,  or  2 if  inches.  Thefe 
numbers  however  do  not  give  accurately  the 
relative  exhaling  power  in  the  different  months, 
for  the  brine  as  it  becomes  more  and  more  con- 
denfed,  parts  with  its  water  with  much  more 
difficulty,  and  the  above  experiments  only  give 
the  continued  lofs  by  exhalation  of  the  fame 
brine  for  many  months  confecutively. 

The  quantity  of  fait  yielded  by  fpontaneous 

■*  Mem  de  I’i 


exhalation  is  nearly  equal  to  that  produced  in 
experiments  in  the  fmall  way  on  a few  pounds 
of  brine,  which  is  far  from  being  the  cafe  in 
attual  manufafture.  The  fait  -obtained  thus 
gr.iduaily  is  large-grained,  of  an  opake  white, 
very  hard  and  fomewhat  inclined  to  dampnefs, 
and  not  very  readily  foluble.  The  common  fait 
on  the  other  hand  is  femi-tranfparent,  fofter, 
and  more  readily  foluble. 

During  rhe  evaporation  of  brine  in  a boiling 
heat  the  vapour  that  rifes  is  fenfibly  faline,  and 
gives  a faltilh  impregnation  to  wood  and  other 
porous  matter  which  it  meets  with.  It  has 
been  aflerted  that  part  of  the  acid  alfo  is  fepa- 
rated  in  this  heat  and  volatilized,  leaving  the 
fait  therefore  with  a greater  proportion  of  alkali, 
and  to  this  has  been  attributed  the  inferior  power 
of  the  fmall-grained  lalt  in  preferring  provifions. 

Though  the  inferiority  be  undoubted  it  doe* 
not  appear  that  any  very  accurate  experiment* 
have  been  made  on  the  relative  quantities  of  acid 
in  the  large  and  fmall-grained  fait,  this  hypothefis 
therefore  is  altogether  doubtful.  Neither  does 
the  large-grained  fait  owe  its  fuperior  ftrength 
to  any  fuperior  purity  or  freedom  from  the  deli- 
quefeent  earthy  muriats,  for  the  fine  London 
balket  fait  is  fomewhat  purer  than  the  belt 
Portugal  bay  fait,  though  the  quantity  of  earthy- 
matter  in  each  is  fcarcely  notable.  On  the 
whole  it  is  more  probable  that  the  hardnefs  of 
texture  and  flow  folubility  in  water  of  bay  or 
fifliing  fait  (which  it  owes  to  the  flownefs  of 
cryftallization)  is  the  chief  caufe  of  its  fuperior 
efficacy. 

Methods  of  procuring  Soda  decompojttion  of 
Common  Salt. 

Muriat  of  foda  being  the  moft  abundant  of 
the  neutral  falts,  and  its  alkaline  bafe  bearing 
for  the  moft  part  a higher  price  in  the  market 
than  potafli,  has  been  fubje£fed  to  a vaft  variety 
of  procefles  both  on  a fmall  and  large  fcale, 
with  more  or  lefs  perfect  fuccefs,  for  the  pur- 
pofe of  efledling  its  decompofition,  fo  as  to  ob- 
tain the  alkali  feparate,  or  at  leaft  only  combined 
with  carbonic  acid.  Thefe  different  methods 
naturally  divide  themfelves  into  two  claffes,  the 
firft  containing  thofe  that  aim  at  the  immediate 
extraction  of  the  alkali,  and  the  fecond  thofe 
that  feek  the  fame  end,  but  by  more  complex 
means.  Under  the  firft  clafs  will  be  deferibed 
the  decompofition  of  fait  by  lime,  by  iron,  by 
oxyd  of  lead,  and  by  potafli ; under  the  fecond 
clafs  will  be  mentioned  the  different  methods  of 
decompofing  fait  after  it  has  been  previoufly 
converted  into  fulphat  of  foda. 
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It  was  Scheele  * who  firft  difcovered  in  con- 
tradiction to  the.  eflabliflied  laws  of  chemical 
affinity,  that  niuriat  of  foda  might  be  decom- 
pofed  by  means  either  of  iron  or  quick-lime  in 
an  atmofphere  confiderably  charged  with  car- 
bonic acid.  Thus  if  a plate  of  iron  is  dipped 
in  a faturated  folution  of  common  fait,  and  then 
hung  up  in  a cellar,  a dccompofition  of  the  fait 
will  be  found  to  have  taken  place  in  the  courfe 
of  a few  days  ; the  furface  of  the  iron  will  be 
lludded  with  drops  of  a yellow  liquor,  confiding 
for  the  mod  part  of  murjat  of  iron,  while  the 
foda  liberated  from  the  muriatic  and  combined 
with  the  carbonic  acid,  will  have  alTumed  the  ap- 
pearance of  fmall  fpicular  crydals  rifing  from  the 
furface  of  thofe  parts  of  the  plate  that  are  not 
occupied  by  the  muriated  iron.  So  in  like 
manner  if  quick-lime  be  formed  into  a pade 
with  a drong  brine  of  common  fait,  and  the 
mixture  be  placed  in  a cellar  for  fome  days, 
the  furface  of  the  lime  will  be  covered  with  a 
light  down  of  flender  crydals  of  carbonated 
foda ; thefe  being  removed  they  will  be  fuc- 
ceeded  by  a fecond  fimilar  efflorefcence,  and 
the  fecond  by  a third.  The  decompofition  in 
both  thefe  cafes  is  attributed  by  Scheele,  and 
apparently  with  great  reafon,  to  the  efflorefeent 
quality  of  carbonat  of  foda,  which  readily  dif- 
pofes  it  to  rife  from  the  furface  where  it  is 
generated  in  fpicular  crydals,  and  thus  feparate 
itfelf  from  the  muriat  of  iron  or  lime  by  which 
it  would  be  again  decompofed.  This  explana- 
tion of  the  fa(S  derives  additional  force  from  the 
circumdance  that  muriat  of  potafh  is  not  decom- 
pofable  either  by  lime  or  Iron,  probably  becaufe 
carbonat  of  potafh,  not  being  an  efflorefeent  fait, 
is  unable  to  feparate  itfelf  from  the  red  of  the 
mafs.  Vauquelin*’  feems  difpofed  to  attribute 
the  decompofition  of  common  fait  by  lime,  to 
the  formation  of  an  infoluble  muriat  of  lime 
with  excefs  of  bafe,  but  this  appears  to  be  dif- 
proved  by  an  obfervatlon  of  Scheele,  that  if  the 
refiduum  after  the  efflorefeent  fait  has  been  col- 
ledfed  be  lixiviated,  and  the  excefs  of  lime  In 
the  folution  be  got  rid  of  by  means  of  carbonic 
acid,  the  remaining  clear  liquor  will  furnidi  an 
abundant  precipitate  of  carbonated  lime  on  the 
addition  of  the  efflorefeed  carbonat  of  foda, 
thus  diewing  that  the  folution  contains  muriat 
of  lime  in  its  ordinary  date.  Berthollet  has 
diewn  that  even  carbonat  of  lime,  when  in 
great  excefs,  is  capable  of  decompofing  muriat 
of  foda,  more  efpecially  if  draws  or  any  other 
fimilar  fubdances  are  duck  upright  into  the 
niafs,  to  affid  the  efflorefeent  power  of  the  foda, 
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by  offering  a fupport  on  which  It  may  concrete 
and  efcape  the  re-a£tion  of  the  muriated  lime  ; 
this  method  is  Indeed  confiderably  lefs  expedi- 
tious than  that  difcovered  by  Scheele,  yet  it 
feems  to  be  the  very  mode  employed  by  Nature 
at  the  Natron  lakes  of  Egypt,  as  Berthollet  has 
diewn  in  a very  intereding  report  on  thisfubjedf.'^ 
Of  the  three  modes  of  decompofing  muriat  of 
foda  mentioned  above,  that  by  means  of  quick- 
lime is  the  only  one  that  has  been  attempted  on  a 
large  fcale,  but  though  fuperintended  by  fo  able 
a chemid  as  Aiorveau''  it  does  not  appear  to 
have  been  attended  with  fufficient  advantage  to 
counterbalance  the  expence  of  time  and  fuel. 
The  procefs  employed  differed  in  no  refpedl 
from  that  of  Scheele,  except  that  the  mixture 
after  it  had  ceafed  to  yield  any  more  foda  was 
re-caicined  and  again  treated  with  a folution  of 
common  fait.  It  has  been  propofed  as  an  Im- 
provement of  this  procefs,  to  mix  with  the  lime 
and  fait  a fufficient  quantity  of  clean  fand  to 
convert  it  into  mortar,  and  then  to  line  cellars 
or  other  excavations  with  it,  in  order  to  expofe 
a larger  furface  to  the  adfion  of  the  air.  There 
is  no  doubt  that  the  yield  of  carbonated  foda 
would  thus  be  greatly  augmented,  and  it  is  not 
improbable  where  natural  or  artificial  excava- 
tions could  be  conveniently  obtained,  that  the 
increafed  produft  would  more  than  equal  the 
additional  expence. 

The  poffibility  of  decompofing  common  fait 
by  means  of  litharge  or  any  other  of  the  oxyds 
of  lead,  was  firft  afeertained  by  Mr.  Turner,' 
who  obtained  a patent  for  the  difeovery  in  the 
year  1780.  His  procefs  Is  the  following;® 
To  ten  parts  of  any  of  the  oxyds  of  lead  add  five 
parts  of  muriated  foda,  previoufly  diflblved  in 
water  ; grind  the  whole  together  till  the  litharge 
becomes  almoft  imp^pable,  and  then  let  the 
mixture  ftand  for  twenty-four  hours,  in  which 
time  the  lead  will  appear  of  a white  colour  : 
the  mafs,  which  will  have  acquired  a tolerably 
folid  confiftence,  muft  now  be  broken  down  in 
water  and  be  well  waffled  ; the  liquor  will  con- 
tain the  alkali  of  the  fait,  and  the  M'hite  infoluble 
refidue  confifts  of  the  litharge  combined  with 
muriatic  acid.  This  refidue  after  beintr  care- 
fully  lixiviated  and  dried,  if  expofed  on  a muffle 
or  in  any  other  fuitable  way  to  a calcining  heat, 
acquires  a yellow  colour,  varying  in  tint  accord- 
ing to  the  temperature  ; this  yellow  muriat  when 
ground  up  with  oil  and  varnifti  in  the  ufual 
manner,  forms  a pigment  known  by  the  name 
oi patent  yeltoiu,  and  very  extenfively  employed  , 
in  coach-painting. 
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A folutlon  of  muriated  lead  is  readily  decom- 
polaWe  by  foda,  either  cauftic  or  carbonated  5 
the  explanation  therefore  of  tliis  feeniing  ano- 
maly on  which  Mr.  Turner’s  patent  was  found- 
ed, became  an  important  cheirdcai  problem, 
and  has  exercifed  the  abilities  of  Kirwan,  Haf- 
I’enfratz,  Bertholiet,  Vauquelin,  and  others. 
By  the  experiments  of  the  laid  of  thefe  able 
chemifts  the  difficulties  have  been  cleared  up, 
and  the  apparent  contradidtion  lias  been  recon- 
ciled to  the  general  laws  of  chemical  affinities.^ 
He  mixed  together,  by  grinding  in  a mortar, 
feven  parts  of  litharge  and  one  of  muriated  foda, 
adding  as  much  water  as  brought  the  whole  to 
the  confidence  of  thin  pade  ; it  was  then  dirred 
for  feveral  hours  to  facilitate  the  mutual  adfion 
of  the  ingredients.  By  degrees  the  colour  of 
the  litharge  became  paler,  its  volume  increafed 
very  confulerably,  and  feveral  additions  of 
water  were  required  to  prevent  it  from  form- 
ing a folid  mafs : at  the  end  of  four  days  the 
chemical  change  appeared  to  be  compleat,  the 
litharge  having  acquired  a white  colour,  the 
mixture  was  accordingly  diluted  with  feven  or 
eight  parts  of  water  and  filtered.  The  clear 
liquor  had  an  alkaline  flavour,  and  when  reduced 
by  evaporation  to  y'o  of  its  bulk,  afforded  cry- 
ftals  of  carbonated  foda  mixed  with  a little  mu- 
riat  of  lead,  and  the  common  fait  was  intirely 
decompofed.  The  refidue  on  the  filter  when 
well  wafhed  and  dried,  was  of  a dirty  yellow 
colour,  and  exceeded  in  weight  the  litharge 
employed  by  about  |-  •,  by  a gentle  calcining 
heat  iis  colour  was  changed  to  a fine  lemon 
yellow,  and  its  weight  was  diminifiied  by  about 
2.5  per  cent.  In  pure  water  even  when  boiling 
it  is  fcarcely  foluble ; but  by  digeftion  with 
cauitic  foda  a confiderable  portion  was  taken 
up,  and  the  refidue  alTumed  a dirty  white 
colour,  and  was  changed  from  a pulverulent 
conliftence  to  that  of  needle- form  cryftals. 
The  foda  folution  was  but  little  different  in 
tafte  from  the  pure  alkali,  but  gave  a very 
abundant  black  precipitate  with  hydrofulphuret 
of  foda,  a white  precipitate  with  muriatic  acid, 
and  alfo  with  nitric  acid,  but  this  laid  was  re- 
foluble  in  an  cxcefs  of  acid.  If  the  yellow 
refidue  was  treated  with  dilute  nitric  acid  in- 
fhead  of  foda,  there  remained  an  infoluble 
portion  of  a white  colour  and  cryflalline  texture, 
and  the  nitrous  folution  depofited  by  gentle 
evaporation  cryftals  of  nitrat  and  muriat  of 
lead. 

From  thefe  fa£ls  it  appears  that  litharge  by 
the  decompofition  of  common  fait,  is  converted 
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into  a fub-muriat,  or  muriat  with  excefs  of 
bafe,  and  therefore  difterlng  very  materially 
from  the  common  muriat ; that  this  fait  though 
foluble  in  cauftic  foda  is  not  decompofable  by 
it  ; and  that  the  efficient  caufe  of  the  decompo- 
fition of  common  fait  by  litharge  Is  the  property 
of  muriated  lead  to  combine  with  an  excefs  of 
bafe,  by  which  the  affinity  of  the  acid  for  the 
alkali  is  counteradded  ; that  the  yellow  colour 
which  this  fub-muriat  acquires  by  being  heated, 
is  occafioned  by  the  excefs  of  bafe,  fince  the 
common  muriat  exhibits  no  fuch  charadder ; 
that  to  this  excefs  is  alfo  owing  the  Infolubility 
of  this  fubftance  in  water  •,  and  finally  that  by 
the  addition  of  nitric  acid  the  fub-muriat  is 
decompofed,  being  itfelf  converted  into  muriat, 
and  yielding  its  excefs  of  oxyd  to  the  nitric 
acid. 

In  confirmation  of  the  opinion  that  the  oxyd 
of  lead  decompofes  common  fait  only  in  confe- 
quence  of  its  being  converted  into  a fub-muriat, 
it  may  further  be  remarked,  that  the  white  pre- 
cipitate depofited  by  the  addion  of  cauftic  foda 
on  the  foluble  muriat  is  not  a fimple  oxyd  as 
has  been  generally  fuppofed,  but  a fub-muriat, 
exaddly  fimllar  to  that  which  we  have  been 
deferibing. 

It  has  been  fuppofed  by  fome  chemifts  that 
the  carbonic  acid  which  litharge  and  mold  of 
the  other  oxyds  of  lead  contain,  has  a confidera- 
ble fliare  in  efibdding  the  decompofition  of  muriat 
of  foda,  this  however  has  been  denied  by  other 
chemifts,  and  particularly  by  Vauquelin,  who 
affirms  that  cai'bonat  of  lead  and  muriat  of  foda 
have  abfolutely  no  aeftion  whatever  on  each 
other.  This  being  the  cafe  it  follows  that  li- 
tharge, minium,  &c.  are  the  worfe  calculated 
for  decompofing  common  fait  In  exadd  propor- 
tion to  the  carbonic  acid  which  they  contain  : 
hence  arifes  the  propriety  of  mixing  quick-lime 
with  the  litharge,  in  order  to  abforb  its  carbonic 
acid,  and  thus  expedite  its  addion.  By  availing 
himfelf  of  this  addition  M.  Curadeau  s found 
that  3oparts  of  litharge  and  4 of  quick-lime,  were 
able  to  effedd  a total  decompofition  of  10  parts 
of  muriated  foda.  But  even  with  this  improve- 
ment and  with  every  attention  to  economy,  it 
does  not  appear  that  this  method  of  feparating 
the  foda  from  fea-falt  can  be  attended  with 
much  profit  on  a large  fcale : the  demand  for 
the  yellow  fub-muriat  Is  very  limited,  and  the 
white  fub-muriat  although  its  colour  is  very 
good,  Is  not  polfelTed  of  folldity  enough  when 
ground  up  with  oil  to  be  employed  as  a fubfti- 
tute  for  common  white  lead : it  would  there- 
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fore  be  necefTary  in  a large  eftabliflinient  to  re- 
duce moft  of  the  fub-muriat  to  the  ftate  of 
metallic  lead,  at  a confiderable  expence  of  fuel 
and  labour,  and  of  lofs  by  volatilization,  &c. 
and  then  by  a fecond  procefs  to  re-calcine  the 
lead  before  it  could  be  brought  again  into  fer- 
vice. 

Another  method  propofed  for  the  decompo- 
fition  of  common  fait,  and  which  feems  to  have 
attracted  confiderable  notice  among  the  German 
chemifts,  is  founded  on  the  fuperior  affinity  of 
potaffi  over  foda,  for  muriatic  acid  ; if  there- 
fore to  a folution  of  common  fait  there  be 
added  a fufficient  quantity  of  potaffi,  either 
cauftic  or  carbonated,  an  exchange  of  bafes 
will  take  place,  and  the  fluid  will  yield  by 
evaporation  and  cryftallization  carbonated  foda 
and  muriated  potaffi.  But  this  mode  of  pro- 
ceeding is  by  no  means  fo  eafy  and  fimple  in 
practice  as  in  theory,  as  may  be  feen  in  a 
memoir  on  the  fubje£t  by  Weflrumb,**  from 
which  the  following  account  is  extra £lcd. 

Diflblve  2olbs  of  common  fait  in  30  quarts 
of  water,  and  add  to  the  folution  25  lbs  of 
purified  potafli  or  pearlafli,  then  evaporate  tlie 
liquor  till  three  or  four  ftrong  pellicles  have 
formed  in  fucceffion  on  its  furface,  each  in  turn 
being  broken  down  by  any  convenient  inflru- 
ment : the  liquor  being  now  transferred  into 
another  veffel,  is  to  be  kept  at  the  temperature 
of  about  60°  Fahr.  as  long  as  it  depofits  any 
cryftals.  The  fait  thus  formed  is  a mixture  of 
muriat  and  fulphat  of  potafli  (the  latter  pre-ex- 
ifting  in  the  potafli)  which  may  be  feparated 
from  the  liquor  by  paffing  it  through  a filter 
made  of  flannel.  The  filtered  folution  after 
flanding  about  an  hour  longer,  will  depofit 
more  muriat  of  potafli,  mixed  however  with 
carbonated  foda.  Thefe  falts  being  removed 
and  the  refidual  liquor  being  placed  in  a cellar 
or  any  other  place  fufficiently  cold,  will  yield 
a copious  depofit  of  cryftallized  carbonated  foda. 
The  fupernatant  liquor  being  again  treated  as  at 
firfl:,  affords  a fecond  crop  of  muriated  potafli, 
and  afterwards  by  refrigeration,  of  carbonated 
foda : and  thefe  two  procefles  are  repeated  in 
fucceffion  till  the  mother  water  refufes  to  yield 
any  more  fait.  The  different  parcels  of  muri- 
ated potafli  are  now  to  be  mixed,  and  diflblvcd 
in  boiling  water,  which  is  afterwards  to  be 
evaporated  to  one  half,  during  which  a confidc- 
rable  depofit  of  muriated  potaffi  will  take  place  : 
the  fupernatant  liquor  being  transferred  to  ano- 
ther veffel  and  expofed  to  the  cold  will  depofit 
a confiderable  part  of  the  carbonated  foda  which 


it  contains ; a fecond  evaporation  and  cooling 
will  feparatc  a furtlier  portion  of  the  fame,  after 
wliich  it  is  not  worth  while  to  purfue  the  pro- 
cefs any  further.  The  carbonated  alkali  thus 
obtained  is  to  be  mixed  with  the  reft  and  the 
whole  diflblved  in  an  equal  weiglit  of  water ; 
the  folution  by  cooling  depofits  a large  quantity 
of  carbonated  foda  in  a ftate  of  confiderable 
purity  •,  the  remaining  liquor  being  evaporated 
w’ill  generally  yield  more  or  lefs  of  muriated 
potafli  while  it  cools,  and  then  by  expofure  to 
a low  temperature  a fecond  crop  of  carbonated 
foda  may  be  obtained ; by  again  repeating  on 
the  remainder  the  procefles  of  evaporation  anii 
cooling  a fecond  crop  of  muriated  potafli  and  a 
third  of  carbonated  foda  are  procured  ; but  this 
laft  being  confiderably  lefs  pure  than  the  two 
preceding  crops  of  carbonated  alkali,  is  to  be 
kept  apart. 

All  the  preceding  operations  are  compleated 
in  12  or  14  days,  and  the  average  produce 
is  20  lbs  of  pure  cryftallized  and  2\  lbs  of 
impure  cryftallized  carbonat  of  foda.  The 
amount  of  muriat  of  potafli  is  not  mentioned 
by  Mr.  Weftrumb.  If  the  above  is  a true 
reprefentation  of  the  mode  of  carrying  on  the 
decompofition,  and  of  the  amount  of  produce 
obtained  (which  there  feems  no  reafonable  caufe 
to  doubt)  it  is  obvious  that  it  can  only  be  per- 
formed with  profit  in  countries  far  remote  from 
Communication  with  the  fea,  where  potafli  and 
common  fait  are  very  abundant  and  labour 
extremely  cheap  : it  is  alfo  manifeft  that  when 
carried  on  in  the  large  way  the  feparation  of 
the  foda  from  the  other  ingredients  muft  be 
even  more  difficult  than  is  reprefented  by  M. 
Weftrumb,  on  account  of  the  great  accumula- 
tion of  mother  water  ; and  after  all  that  can  be 
done  by  .cryftallization  and  evaporation,  by  far 
the  greater  part  of  the  foda  will  be  loft.  Com- 
mon fait  contains  53  per  cent,  of  alkali;  and 
carbonated  foda  in  cryftals  contains  22  per  cent. 
of  the  fame,  whence  it  appears  from  Mr.  Weft- 
runib’s  own  proportions  that  no  more  than  211- 
lbs  of  carbonated  foda  are  obtained  from  mate- 
rials that  contain  4§  lbs. 

But  the  moft  eligible  methods  of  obtaining 
the  alkali  from  common  fait  are  thofe  by  which 
it  is  firft  converted  into  Glauber’s  fait  previoufly 
to  the  extraction  of  the  foda.  It  will  be  pro- 
per therefore  firft  to  confidcr  the  various  fources 
from  which  fulphat  of  foda  may  be  obtained 
by  the  decompofition  of  fea  fait. 

It  is  produced  ip  the  moft  economical  manner 
as  a refidue  in  various  chemical  manufactures, 
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fuch  as  the  preparation  of  fal  ammoniac,  of 
muriatic  acid,  and  of  oxymurlatic  acid  for  the 
hleacheries.  In  fituations  however  where  thefe 
refidues  are  not  to  be  obtained,  it  mufl  be 
prepared  by  the  diredb  decompofition  of  muriated 
foda:  the  two  cheapefl;  methods  of  efFe£ting  this 
appear  to  be  by  means  of  gypfum  and  of  iron 
pyrites. 

The  firfl  of  thefe  is  carried  on  in  the  follow'- 
ing  manner.  Take  any  quantity  of  calcined 
gypfum  and  | of  its  weight  of  common  faltj 
mix  them  accurately  by  grinding,  or  in  any 
other  convenient  way,  then  add  to  the  powder 
a fufficient  quantity  of  water  and  make  it  up 
into  balls  three  or  four  Inches  in  diameter. 
When  thefe  balls  are  dry,  let  them  be  calcined 
for  five  or  fix  hours  in  a reverberatory  furnace, 
then  break  them  down  into  pieces  no  larger 
than  a hazle  nut,  and  lixiviate  them  with  cold 
or  warm  water:  the  liquor  when  boiled  to  a 
pellicle  affords  by  cooling  cryltals  of  Glauber’s 
fait. 

‘The  fecond  method,  or  that  by  means  x)f 
pyrites  is  thus  accompliflied.  Take  loolbs.  of 
common  pyrites  and  reduce  it  to  fine  powder, 
then  add  40  lbs.  of  common  fait;  mix  the  two 
ingredients  well  together  and  expofe  the  mafs 
for  60  hours  to  a roafting  temperature;  a copious 
difengagement  of  muriatic  and  fulphureous  acids 
will  take  place,  and  the  mafs  will  ftill  continue 
pulverulent,  but  of  a brownifh  red  colour, 
and  reduced  in  weight  to  107I  lbs. 

Being  now  lixiviated  and  the  liquor  boiled 
down  to  a proper  confiftence,  there  will  be 
depofited  about  45  lbs.  of  cryftalllzed  fulphat 
of  foda,  and  the  mother  water  evaporated  to 
drynefs  will  leave  between  8 and  9 lbs.  of  a 
faline  mafs  confiding  of  fulphat  of  foda,  murlat 
of  iron,  and  a little  undecompofed  common  fait. 
The  infoluble  refidue  confids  of  fulphuret  of 
iron  with  excels  of  oxyd,  weighing  6y|  lbs.  in 
a highly  favourable  date  for  vitriolization. 

A confiderably  greater  quantity  however  of 
f.i;t  can  be  decompofed  by  a given  weight  of 
pyrites  if  there  be  added  to  the  mixture  either 
charcoal,  pitcoal,  or  peat,  but  efpecially  the 
latter.  For  this  purpofe  loolbs.  of  pulverized 
pyrites  and  300  lbs.  of  dried  peat  being  well 
mixed  together,  65  lbs,  of  fait  .diffolved  in 
water  aie  to  be  added,  and  the  whole  mafs 
after  being  carefully  tempered  is  to  be  made  up 
in.to  balls,  Thefe  balls  when  dry  are  to  be 
pf-Kod  in  a reverberatory  furnace  with  a little 
fuel  juil  to  kindle  them,  after  which  they  will 
burn  of  themfelves;  the  combudion  is  to  be 
* l*cllcticr  Mem.  de  Chem.  II 


kept  up  as  gentle  as  poffible  till  the  Incineration 
is  compleat,  and  then  the  afires  being  lixiviated’ 
and  the  liquor  boiled  down  in  the  ufual  manner, 
there  will  be  procured  70  lbs.  of  crydallized 
fulphat  of  foda,  and  17  lbs.  of  dry  fait,  confid- 
ing of  murirt  of  iron  and  fulphat  of  foda,  from 
evaporating  the  mother  water. 

The  .fulphat  of  foda  whether  obtained  from 
the  fources  above  pointed  out  or  from  any  other, 
may  be  decompofed  fo  as  to  afford  its  alkali  in 
a feparate  date  by  either  of  the  tv.'o  following 
methods,  the  fuccefs  of  which  has  been  proved, 
by  experiments  on  a very  large  fcale. 

I . Decompofition  of  Glauber's  fait  by  the  combined- 
aElion  of  chalk  and  charcoal. 

Take  1000  lbs.  of  calcined  Glauber’s  fait  and 
550  lbs.  of  charcoal,  and  mix  the  tv/o  ingredients 
accurately  together  by  grinding;  when  the  mix- 
ture appears  compleat  add  by  degrees  1000  lbs.  of 
wadred  chalk,  and  continue  the  grinding  till 
this  alfo  Is  mixed  with  the  other  materials. 
Now  let  a reverberatory  furnace  be  lighted^, 
and  as  foon  as  it  is  red  hot  let  it  be  charged : 
with  4 or  5©o  lbs.  (more  or  lefs  according  to-' 
the  fize  of  the  furnace)  of  the  above  mixture, 
and  clofe  the  door.  During  the  fird  part  of 
the  procefs,  while  the  materials  are  yet  pulveru- 
lent the  flame  mud  be  kept  as  gentle  as  poffible 
led  it  diould  carry  part  of  the  powder  up  the- 
chimney;  but  as  foon  as  the  matter  begins  to 
clot  the  flame  may  be  increafed.  At  this  time 
the  mafs  mud  be  carefully  worked  about  wlth^ 
an  iron  rake  in  order  to  expofe  fredr  furfaces  to 
the  addion  of  the  flame.  When  the  whole  has 
acquired  a pady  confidence  jets  of  inflamed 
fulphuretted  hydrogen  will  be  perceived  to  ifllie 
from  every  part,  accompanied  by  a moderate- 
but  very  perceptible  explofion  and  effervefcence; 
and  during  the  whole  of  this  dage  of  the 
procefs  the  rake  mud  be  ufed  very  vigorouflyr 
in  order  to  expedite  the  difengagement  of  the 
gas.  When  the  jets  of  flame  ceafe,  and  the 
matter  becomes  nearly  fluid  the  rake  may  be 
withdrawn,  and  a bar  of  cold  iron  is  to  be 
introduced  from  time  to  time  in  order  to  judge 
of  the  progrefs  of  the  operation  by  the  fample 
that  adheres  to  the  end  of  it:  if  this  cracks  as 
it  grows  cold  and  prefents  an  uniform  granular 
texture  the  heat  has  been  continued  long  enough, 
and  the  matter  mud  then  be  fpeedily  withdrawn 
led  it  ftiould  be  fritted  by  the  further  a£lion  of 
the  fire.  The  flame  being  accordingly  turned 
off  for  a few  minutes,  the  mafs  returns  to  a 
pady  confidence  and  Is  withdrawn  from  the 
furnace  by  means  of  the  rake.  As  foon  as  it 
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becomes  folid  by  cooling,  it  Is  to  be  broken  into 
moderate  fized  pieces  and  kept  for  feme  days 
in  a damp  cellar,  where  it  imbibes  a confider- 
able  quantity  of  water  and  carbonic  acid,  falls  to 
powder  and  at  the  fame  time  parts  almoft 
entirely  with  the  fulphuretted  hydrogen  to 
which  its  hepatic  fmell  and  flavour  when  recent 
are  owing.  It  may  now  be  brought  to  market, 
without  any  further  preparation,  or  the  alkaline 
part  may  be  extracted  and  fold  feparately. 

In  order  to  feparate  the  alkaline  from  the 
earthy  part  lixiviation  with  cold  water  muft  be 
had  recourfe  to:  the  clear  liquor  by  evaporation 
to  a pellicle  and  fubfequent  cooling,  depofits 
cryftals  of  carbonated  foda,  and  the  mother 
water,  confifting  chiefly  of  femicauftic  foda,  muft 
be  boiled  down  to  drynefs  and  afterwards  cal- 
cined till  it  is  as  white  as  pearlafli,  in  which 
ftate  it  is  well  fitted  for  the  glafs  makers. 

500  lbs.  of  raw  materials  treated  as  above 
described  afford  276  lbs.  of  rough  foda,  of 
which  100  lbs.  yield  by  lixiviation  37  lbs.  8 oz. 
of  cryftallized  carbonat,  and  23  lbs.  2 oz.  of 
dry  femicauftic  foda,  with  a fmall  admixture  of 
fulphuret  of  lime  and  of  other  falts  accidentally 
contained  in  the  original  fulphat. 

2.  Decompofition  of  Glauber^ s fait  by  means  of 
iron  and  charcoal. 
lbs. 

, Take  200  Calcined  Glauber’s  fait 
40  Powdered  charcoal 
65  Clippings  of  iron  plate  or  old  iron 
22  Charcoal  in  the  ftate  of  fmall  coal 


327  lbs. 

Having  mixed  the  fulphat  of  foda  with  the 
powdered  charcoal,  let  it  be  introduced  into 
the  reverberatory  furnace  and  treated  for  the 
firft  hour  exa£Uy  as  deferibed  in  the  foregoing 
procefs:  then  bring  the  mixture  to  compleat 
fufion  and  add  40  lbs.  of  the  clippings,  Itirring 
the  materials  well  at  the  lame  time  with  an  iron 
rake  in  order  to  mix  them  more  compleatly. 
In  a fhort  time  after,  the  matter  which  was 
at  firft  quite  fluid  will  become  pafty,  accompa- 
nied w'ith  much  foaming  and  boiling  till  the 
clippings  are  diflblved:  as  foon  as  this  takes 
place,  16  lbs.  of  fmall  coal  muft  be  ftirred  in, 
which  will  immediately  excite  the  difengage- 
ment  of  fulphuretted  hydrogen  mentioned  in 
the  former  procefs.  VVhen  this  appearance 
begins  to  flacken,  the  remaining  25  lbs.  of 
clippings  and  6 lbs  of  fmall  coal  are  to  be  added 
in  fucceflTion,  and  the  ftirring  is  to  be  diligently 
continued  till  the  jets  of  inflamed  gas  almoft 


ceafe:  when  this  happens,  the  matter  ftlll  fluid 
is  to  be  run  into  moulds  of  fand  where  it 
folidifies. 

The  rough  foda  thus  prepared  weighs  215  lbs. 
is  of  a blackifh  brown  colour  which  becomes 
ftill  darker  by  the  conta£l:  of  the  air ; when 
broken  it  has  a kind  of  metallic  luftre  and  a 
clofe  ftriated  texture.  To  the  tafte  it  Is  cauftic 
and  hepatic:  by  expofure  to  a moift  atmofphere 
it  becomes  covered  with  a yellow  efflorefcence, 
and  quickly  falls  to  powder  with  a confiderable 
difengagement  of  heat  and  fulphuretted  hydro- 
gen; at  the  fame  time  it  abforbs  carbonic  acid 
and  water  fo  as  to  increafe  in  weight  by  an 
expofure  of  about  20  days  in  the  proportion 
of  5 to  8. 

From  the  215  lbs  of  rough  foda  thus  obtained 
and  Increafed  by  abforption  of  air  and  moifture 
to  344  lbs.  may  be  obtained  by  lixiviation  and 
cryftallization  152  lbs.  of  carbonated  foda,  and 
the  uncryftallizable  mother  water  will  afford  by 
evaporation  about  47  lbs.  of  femicauftic  foda 
mixed  with  a little  charcoal,  fulphuret  of  iron 
and  other  impurities.  The  infoluble  refidue 
weighs  about  185  lbs.  and  is  fulphuret  of  iron 
with  a little  charcoal  in  a ftate  highly  favour- 
able for  vltriolization. 

Muriat  of  Ammonia.  See  Sal  Ammoniac. 

Muriat  of  Lime. 

This  earthy  fait  was  firft  known  in  chemical 
manufa£l:ure  as  the  refidue  from  the  diftillation 
of  carbonat  of  ammonia  by  chalk  and  muriat  of 
ammonia.  It  is  alfo  found  hative  frequently, 
but  in  fmall  quantities.  In  a great  variety  of 
faline  fprings,  but  never  entering  into  any 
folid  mineral. 

To  procure  it  pure  any  quantity  of  pure 
chalk  or  white  marble  is  to  be  diflblved  in 
pure  muriatic  acid  to  faturation,  and  the  clear 
fluid  evaporated  to  a thick  fyrupy  confiftence, 
w'hen  by  cooling  It  will  congeal  into  a yel- 
lowifh  tranfparent  faline  mafs,  of  a ftriated 
texture.  This  fait  may  alfo  be  procured  in 
regular  cryftals  in  the  form  of  fix  fided  prifms 
terminated  by  fix-fided  pyramids,  but  it  is  not 
eafy  to  cryftalllze  this  fait.  Pelletier  fucceeded 
by  expofing  a concentrated  folutlon  to  very 
gradual  evaporation  in  a warm  and  dry  air. 
Beaume  finds  the  fame  cryftallization  when  the 
folution  is  long  kept  in  bottles. 

This  fait  is  one  of  the  moft  deliquefcent  of 
all  the  known  falts,  fo  that  the  cryftals  kept 
expofed  to  the  air,  or  even  in  a bottle  but 
flightly  ftopped,  foon  refolve  into  a denfe  yellow- 
ifli  liquid  refembling  oil  in  appearance,  and 
called  by  the  older  chemifts  oU  of  lime.  This 
R 2 
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may  be  again  brought  to  the  fame  cryftallized 
mafs  by  evaporation  and  cooling. 

Muriat  of  lime  has  no  fmell.  The  yellowlfh 
colour  which  it  has  is  probably  owing  to  the 
fmall  quantity  of  iron  which  is  contained  in 
almoft  every  calcareous  earth,  and  alfo  in  com- 
mon muriatic  acid.  The  tafte  is  acrid,  bitter, 
and  naufeous. 

The  folubility  of  this  fait  is  indefinite  in  a 
warm  temperature,  for  it  readily  melts  in  its 
water  of  cryftallization  when  heated.  Cold 
water  will  diflblve  twice  its  weight,  and  hence 
the  folution  mull  be  extremely  concentrated 
before  the  lalt  will  feparate  in  a folid  form  by 
cooling.  If  a folution  fo  far  concentrated  as  to 
cryllallize  by  cooling  be  poured  hot  into  a bottle 
and  immediately  corked,  it  will  remain  fluid 
for  fome  time  when  cold,  if  quite  at  rell,  and 
then  wlien  the  cork  is  drawn  and  the  bottle 
fliaken,  the  whole  will  folidify  in  a few  fcconds 
with  the  evolution  of  fo  much  heat  that  the 
bottle  cannot  be  held  in  the  hand.  This  ex- 
periment however  does  not  always  fucceed,  nor 
with  fo  much  certainty  as  with  Glauber’s  fait. 

Muriat  of  lime  heated  per  fe  firft  liquefies  and 
as  it  dries  puffs  up  extremely  and  turns  to  a 
white  faline  mafs  ftill  deliquefeent.  If  the  heat 
be  continued  it  parts  with  a portion  of  its  acid 
but  not  the  whole.  Beaume  has  the  following 
analytical  experiment  on  the  fubjeft.  Four 
ounces  of  muriat  of  lime  heated  for  three  hours 
in  a fire  gradually  raifed  to  rednefs,  gave  an 
ounce  of  good  colourlefs  muriatic  acid,  and  the 
mafs  remaining  in  the  retort  was  white,  fpongy, 
and  faline.  Three  ounces  of  cold  water  were 
added  which  immediately  acquired  a boiling 
‘heat,  and  on  adding  more  water  and  filtering,  a 
clear  lolution  of  muriat  of  lime  was  obtained, 
ajid  a quantity  of  infoluble  earth  left  behind. 
This  liquor  evaporated  to  drynefs  and  diflilled 
in  a very  Itrong  heat  till  the  retort  was  foftened, 
gave  nothing  more  than  a very  flightly  acidulous 
water.  Muriat  of  lime  when  heated  in  an 
open  crucible  parts  with  more  of  its  acid,  but 
never  with  the  whole.  The  refidue  from  the 
diftillation  of  volatile  alkali  is  phofphorefcent 
when  heated.  It  is  compofed  of  muriat  of 
lime  with  excefs  of  lime,  and  probably  alfo 
of  fome  undecompofed  chalk.  It  forms  Hom- 
berg\  phofphorus . 

Muriat  of  lime  is  very  foluble  in  alcohol. 
When  re£tified,  alcohol  diflblves  its  own 
weight. 

Pelletier  relates  a curious  and  unaccountable 
phenomenon.  If  carbonic  acid  is  palled  through 
a folution  of  muriat  of  lime  tlie  whole  prefently 


changes  into  a fubftance  fo  folk!  as  to  require  a 
flrong  ftroke  of  the  hammer  to  break  it. 

The  fulphuric  acid  decompofes  this  fait,  and 
owing  to  the  fparing  folubility  of  the  fulphat  of 
lime  and  the  high  folubility  of  the  muriat,  if 
fulphuric  acid  is  poured  into  a concentrated 
folution  of  the  latter  fait,  the  whole  immediately 
turns  to  a white  folid  mafs  of  calcareous  ful- 
phat. 

The  compofition  of  this  fait  is  thus  given  by 
Kirwan  : fifty  parts  of  pure  lime  faturated  witii 
muriatic  acid,  form  loo  of  the  muriat  when 
h.eated  to  rednefs,  and  loo  parts  of  muriat  in 
this  ftate  therefore  contaiir  50  of  lime,  42  of 
acid,  and  8 of  water. 

This  fait  has  fome  not  unimportant  ufes  in 
chemiflry.  From  its  great  tendency  to  deli- 
quefcence,  it  is  valuable  in  the  experiments 
on  gafes  to  abforb  the  moifture  from  them. 
For  the  fame  reafon  alcohol  is  brought  to  a 
very  high  degree  of  reflification  when  diftilled 
off  the  dry  muriat.  The  cryftallized  muriat 
alfo  aftbrds  the  cheapeft  and  moft  powerful  fub- 
ftance as  a freezing  mixture,  to  produce  the 
moft  intenfe  degrees  of  artificial  cold,  as  men- 
tioned under  the  article  Freezing. 

Muriat  of  Barytes. 

This  fait  is  never  found  native.  It  may  be 
prepared  by  diffolving  either  the  natural  or  arti- 
ficial Garbonat  of  barytes  in  muriatic  acid,  or 
from  fulphuret  of  barytes  and  muriatic  acid, 
or  from  muriat  of  lime  and  fulphat  of  barytes,, 
all  of  which  methods  are  deferibed  under  the 
■articles  Barytes  and  Carhonat  of  Barytes.  Muriat 
of  barytes  cryftallizes  readily  from  a hot  con- 
centrated folution  by  cooling,  or  by  flow  evapo- 
ration. The  cryftals  are  large,  of  an  opake 
white,  and  generally  in  oftogonal  tables  trun- 
cated at  the  angles.  The  tafte  is  acrid  and 
aftringent.  It  is  one  of  the  heavieft  falts  known, 
and  is  readily  diftinguiftiable  from  moft  other 
falts  by  its  external  properties. 

This  fait  is  not  deliquefeent,  nor  in  any  way 
alterable  in  the  air.  When  heated  it  lofes  its 
water  of  cryftallization,  but  none  of  its  acid. 
In  a ftrong  fire  it  melts,  but  is  not  in  any  other 
way  altered.  About  five  parts  of  cold  water 
diflblve  one  part  of  the  cryftallized  fait,  and 
boiling  water  fomewhat  more,  but  to  cryftallize 
it  readily  by  cooling,  it  muft  be  confiderably 
concentrated  by  evaporation.  It  contains  64 
of  barytes,  20  of  acid,  and  16  of  water  of  cryf- 
tallization. 

Sulphuric  acid  and  every  foluble  fait  contain- 
ing it  decompofes  muriat  of  barytes,  and  forms 
a;i  infoluble  fulphat  of  barytes,  and  diis  takes 
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place  with  fuch  minute  quantities  as  to  render 
the  muriat  (as  well  as  tlie  other  foluble  falts) 
of  barytes  a moft  valuable  tell  for  fulphuric 
acid  in  any  form.  Nitric  acid  alfo  decompofes 
this  muriat,  and  if  it  is  much  concentrated  a 
white  precipitate  of  nitrat  of  barytes  falls  down, 
owing  to  the  more  fparing  folubility  of  the 
nitrat  in  water  than  of  the  muriat.  But  it  is 
dilTolved  by  adding  more  water,  by  w'hich  it 
may  be  readily  diftinguiflied  from  the  fulphat. 

Muriat  of  barytes  is  ufed  as  a tell  for  ful- 
phuric acid  in  chemical  experiments.  It  has 
alfo  been  employed  in  medicine,  and  like  all 
the  other  foluble  barytic  falts  it  is  a powerful 
poifon  in  large  dofes. 

Muriat  of  Strontian. 

This  fait  is  prepared  by  didblving  flrontian 
or  its  carbonat  in  muriatic  acid.  The  modes  of 
procuring  llrontian  will  be  found  under  the 
articles  Strontian  and  Carbonat  of  Strontian.  The 
fait  cryflallizes  in  long  needles,  very  tender  and 
eafi’y  broken,  the  form  of  which  it  is  not  eafy 
to  determine,  but  the  ftriking  difference  in  the 
appearance  of  muriat  of  flrontian  and  muriat 
of  barytes  will  readily  enable  the  chemifl  to 
diflingnifh  thefe  falts,  which  in  other  refpedls 
have  many  properties  in  common. 

Muriat  of  flrontian  is  one  of  thp  mofl  foluble 
of  all  the  known  falts.  A hundred  parts  of  the 
cryllallized  fait  required  but  75  of  water  at  a 
moderate  temperature,  and  w'hen  heated  it 
diflblves  in  its  own  water  of  cryftallization. 
Alcohol  when  boiling  alfo  diflblves  a large 
quantity,  but  the  greater  part  is  again  feparated 
by  cooling.  The  alcoholic  folution  when  fet 
fire  to,  burns  with  a beautiful  crimfon  flame, 
which  is  a very  ufeful  tell  for  flrontian.  The 
tafle  of  the  fait  is  cooling  at  firfl,  and  • after- 
wards rather  acrid,  but  not  auflere  like  muriat 
of  barytes,  nor  bitter.  It  is  not  poifonous. 
This  fait  is  not  deliquefeent.  When  heated  it 
lofes  its  water  of  cryftallization,  but  none  of  its 
acid.  Its  component  parts  according  to  Vau- 
quelin,  are  (in  the  cryflallized  flatej  36.4  of 
flrontian  ; 23.6  of  acid  ; and  40  of  water. 

It  is  not  applied  to  any  ufe. 

Muriat  of  Magnesia. 

Magnefia  difTolves  in  muriatic  acid  with  great 
cafe,  forming  a bitter  naufeous  fait  which  can- 
not but  with  extreme  difficulty  be  brought  to 
cryflallize,  but  when  evaporated  nearly  to  dry- 
nefs  becomes  a gelatinous,  ftiapelefs,  deliquef- 
eent mafs.  It  is  found  abundantly  in  nature, 
particularly  in  fea-water,  to  which  this  owes 
its  bitter  naufeous  tafle.  It  alfo  often  accom- 
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panies  common  fait  in  the  water  of  inland  brine 
fprings. 

This  fait  is  extremely  foluble,  requiring  only 
its  own  weight  of  cold  water.  Boiling  water 
takes  up  much  more,  fo  that  a hot  faturated 
folution  on  cooling  coagulates  to  a gelatinous 
mafs. 

Muriat  of  magnefia  is  compleatly  decompo^ 
fable  by  heat,  the  whole  of  the  water  of  cryf- 
tallization and  the  muriatic  acid  flying  off  and 
leaving  the  magnefia  pure.  In  this  refpedl  it 
differs  from  muriat  of  lime,  with  which  it  is 
often  mixed,  fo  that  it  affords  an  ufeful  way 
in  analyfis  of  feparating  thefe  earths,  which 
has  fometimes  been  adopted.  After  calcining 
the  two  falts,  therefore,  muriat  of  lime  and 
pure  magnefia  are  left,  which  mere  folution  in 
water  will  feparate.  As  however  muriat  of 
lime  is  partially  decompofable  by  the  fame  me- 
thod, it  probably  would  require  a repetition  of 
the  calcination  of  the  refidue  with  frefli  acid 
to  feparate  the  earths  compleatly.- 

Muriat  of  magnefia  is  readily  decompofable 
by  the  fixed  alkalies  and  the  alkaline  earths. 
With  ammonia,  only  a part  of  the  earth  is 
feparated  in  a moderate  heat,  and  the  remainder 
unites  with  the  undecompofed  portion  into  a 
triple  fait,  the  muriat  of  magnefia  with  ammonia^ 
or  ammcniaco  magnefian  muriat^  which  will  be 
prefently  mentioned. 

The  faturated  carbonat  of  ammonia  (deferibed 
under  the  article  Carbonat  of  Ammonia^  and  made 
by  expofing  the  pungent  carbonat  to  the  air  for 
fome  hours)  produces  no  precipitate  whatever 
with  muriat  of  magnefia,  owing  to  the  excefs 
of  carbonic  acid,  till  this  excefs  is  driven  olT  by 
heat. 

Muriat  of  magnefia  is  compofed  according  to 
Bergman,  of  41  of  magnefia,  34  of  acid,  and 
25  of  water.  It  is  very  foluble  in  alcohol.  ‘ 

Ammoniaco  Magnesian  Muriat. 

This  fait  has  been  particularly  deferibed  by 
Fourcroy,  “ in  a valuable  memoir  on  the  triple 
magnefian  falts,  of  which  the  following  are  the 
leading  fa£ls  : 144  grains  of  carbonat  of  mag-  ■ 
nefia  (containing  50  grains  of  magnefia)  were 
diffolved  in  muriatic  acid,  to  which  was  added 
72  grains  of  liquid  ammonia,  which  caufed  a 
precipitate  which,  colle£led,  walhed  and  dried, 
weighed  3I  grains.  Seventy-two  grains  more 
of  ammonia  were  added,  which  gave  a further 
precipitate  of  7 grains,  though  the  former  fuper- 
natant  liquor  was  ftrongly  ammoniacal.  Another 
dofe  of  144  grains  of  ammonia  gave  a further 
precipitate  of  14  grains,  after  which  no  further 
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addition  of  ammonia  produced  any  precipi- 
tate. Thus  only  24^  grains,  or  one-third  of 
the  magnefia  could  be  feparated  by  any  addi- 
tion of  ammonia,  though  the  rjuantity  of  the 
latter  was  more  than  fuflicient  to  faturate  the 
muriatic  acid.  The  remaining  liquor  yields  by 
flow  evaporation  fmall  polyhedral  cryftals,  which 
have  a bitter  and  ammoniacal  tafte,  and  are  the 
munat  of  magnefta  with  ammonia.  The  compo- 
fition  of  this  fait  is  inferred  from  the  quantity 
of  magnefia  feparated  from  the  folution  in  the 
above-mentioned  experiment : the  24|  grains 
of  precipitated  magnefia  faturated  with  muriatic 
acid  and  evaporated  flowly,  fo  as  to  become  a 
confufedly  cryftallized  mafs,  produced  98  grs. 
of  muriated  magnefia  •,  hence  the  48  grains  of 
magnefia  remaining  in  the  folution  would  pro- 
duce about  196  grs.  of  muriat,  which  remained 
in  the  triple  fait.  Then  as  244-  grs.  of  magnefia 
were  difplaced  by  the  ammonia,  it  is  eftimated 
that  as  much  ammonia  remains  in  the  triple 
fait  as  is  necclTary  to  faturate  as  much  muriatic 
acid  as  will  faturate  'i\\  grains  of  magnefia. 
From  thefe  data  M.  Fourcroy  eftimates  the 
proportion  of  this  triple  fait  to  be  73  per  cent. 
of  muriat  of  magnefia,  and  27  of  muriat  of 
ammonia.  It  would  be  eafy  however  to  fliew 
that  thefe  data  are  far  from  fuflicient,  and  it 
does  not  appear  that  they  have  been  confirmed 
by  analyfis. 

This  triple  fait  may  alfo  be  formed  by  the 
mixture  of  concentrated  folutions  of  muriated 
ammonia  and  muriated  magnefia,  whereby  the 
fait  readily  feparates  in  fmall  cryftals.  Magnefia 
agitated  with  a cold  folution  of  muriated  am- 
monia will  alfo  produce  the  fait. 


The  ammoniaco-magnefian  muriat  Is  readily 
decompofable  by  heat,  the  muriat  of  ammonia 
becomes  volatilized,  the  whole  of  the  muriatic 
acid  flies  off,  and  the  magnefia  alone  is  left. 

This  fait  is  not  deliquefcent  as  the  Ample 
muriat  of  magnefia  is  : it  diffolves  in  fix  or  feven 
parts  of  cold  water,  and  in  lefs  when  hot.  It 
is  obvioufly  lefs  foluble  than  either  of  the  mu- 
riats  of  which  it  is  compofed,  fince  it  feparates 
in  cryftals  when  the  folutions  of  each  are 
mixed. 

Muriat  of  Alumine. 

This  fait  is  never  found  native.  It  is  pre- 
pared by  boiling  muriatic  acid  on  alumine  for  a 
confiderable  time,  whereby  a folution  is  efFedled 
which  is  always  acidulous  and  has  a very  ftyptic 
auftere  tafte.  When  evaporated  to  a thick  con- 
fiftence  it  takes  a gelatinous  form,  but  cannot 
be  cryftallized  but  with  extreme  difficulty. 

This  fait  is  very  foluble  in  water.  Like 
the  muriat  of  magnefia,  it  parts  with  the  whole 
of  its  acid  by  heat,  and  the  alumine  remains 
pure.  The  fait  when  brought  to  a gelatinous 
confiftence,  is  extremely  deliquefcent  in  the  air. 

It  is  not  applied  to  any  ufe.  According  to 
Richter,  21.8  grains  of  alumine  gave  lo*  of 
the  muriat,  evaporated  fo  as  to  become  fenfibly 
dry. 

Muriat  of  Zircon,  See. 

(For  the  other  Muriated  Earths , fee  thefe  Earths 
refpeBively). 

MURICALCITE.  See  Bitterspath. 

MUSCLE,  or  Muscular  Fibre. 

The  chemical  analyfis  of  mufcular  fibre  will 
be  found  under  the  articles  Fibrin  and  Blood, 
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NACRE,  or  Mother  of  Pearl. 

This  term  is  applied  to  that  beautiful  natural 
white  enamel  which  forms  the  greater  part  of 
the  fubftance  of  the  oyfter-flrell,  particularly  the 
pearl-oyfter.  Its  chemical  compofition  will  be 
deferibed  under  the  article  Shell, 

NADELSTEIN.  See  Titanium. 

NAPTHA.  See  Bitumen. 

NATRON,  Is  a term  commonly  applied  to 
Soda,  and  particularly  its  Carbonat. 

NEPHRITE.  - 

Of  this  mineral  there  are  the  two  following 
fubfpecics. 

I.  Suhfp,  Common  Nephrite  or  Jade.  Ge- 
meiner  Nephrit,  W ern . Nephrite  commun,  Broch, 

Its  colour  is  a fomewhat  dark  leek -green 

* Emmcrling,  Kirwan, 


verging  to  blue,  or  greenifli  or  blulfli  white. 
It  occurs  maflive  and  in  detached  rounded 
pieces.  The  fmooth  external  furface  is  glim- 
mering with  an  oily  luftre ; internally  it  is  dull 
except  when  mixed  with  fibres  of  afbeft  and 
fcales  of  talc.  Its  fradlure  is  coarfe  fplintery 
and  fometimes  obfeurely  fibrous.  Its  fragments 
are  indeterminately  angular.  It  is  more  or  lefs 
tranflucent ; it  is  hard,  difficultly  frangible  and 
greafy  to  the  touch.  Sp.  gr.  of  the  Oriental 
2.97  to  3.04,  of  the  Swifs  3.31  to  3.38. 

Nephrite  by  expofure  to  a moderate  heat  be- 
comes more  brittle  and  fcmi-tranfparent : It  is 
fufible  before  the  blowpipe  without  addition 
into  a white  femi-tranfparent  glafs. 

Of  the  geological  hiftory  of  this  mineral  no- 

jamefon,  Brochant. 
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thing  certain  is  known.  It  is  found  in  China 
ami  India,  in  Switzerland,  Piedmont  and  Tyrol. 

It  is  dilEcult  to  faw  or  cut,  and  even  when 
poliflied  has  a muddy  appearance \ its  great 
toughnefs  however  enables  the  artifl:  to  faihion 
it  into  works  of  great  delicacy.  It  is  much 
prized  by  the  Hindoos  and  Chinefe,  by  whom 
it  is  made  into  talifmans  and  idols,  and  by  the 
Turks,  who  form  it  into  fword  and  dagger 
handles. 

2.  Suhfp.  Axeftone.  Bei//}ew,'WeTn.  Pierre 
dt  Hache,  Broch. 

Its  colour  varies  between  deep  bluifh  and 
yellowlfli  green,  and  fometimes  palT'es  into  olive, 
it  occurs  in  mafs  : internally  it  is  ftrongly  glif- 
tening  with  fomewhat  of  a reCnous  luftre.  Its- 
fradlure  in  the  great  is  flaty,  and  in  the  frnallj 
fplintery.  Its  fragments  are  tabular.  It  is 
tranflucent,  and  in  hardnefs  and  toughnefs  ap- 
proaches nearly  to  the  preceding  fubfpecies. 

Its  natural  fituation  appears  to  be  in  beds  of 
argillaceous  fehiftus. 

It  occurs  in  South  America,  In  New  Zealand 
and  other  iflands  of  the  Pacific  ocean,  where  it 
is  made  by  the  natives  into  hatchets,  tomahawks 
and  other  inftruments.  It  is  alfo  found  in 
Gorfica,  Switzerland  and  Saxony. 

Nephrite  appears  to  be  clofely  conne£Ied  with 
whetftone  flate  and  indurated  talc. 

NEUTRAL  SALTS.  See  Salts. 

NICKEL.  Nikkei,  Germ,  Nikel,  Fr. 

Nickel  is  a yellowifh  white  femi-malleable 
metal,  difficultly  fufible,  attraftible  by  the  mag- 
net, foluble  in  nitric  acid  to  which  it  gives  a 
green  colour,  and  when  in  the  ftate  of  oxydj 
foluble  in  ammonia,  to  which  it  gives  a blue 
colour. 

§ I.  Ores  of  Nickel. 

Sp.  I.  Copper  Nickel.  Kupfer  Nikkei, 'Wern. 

Its  colour  is  pale  copper  red  with  a yellowifh 
or  greyifh  tint.  It  occurs  maffive  and  diflemi- 
nated,  fometimes  though  rarely  reticular,  arbo- 
refeent  or  botryoidal.  It  is  more  or  lefs  fhining 
with  a metallic  luftre.  Its  frafture  is  imper- 
fectly 'conchoidal,  paffing  into  coarfe  grained 
uneven  (this  latter  variety  poirelTes  the  leaft  luf- 
trej.  Its  fragments  are  indeterminately  angular 
fharp  edged.  It  fometimes  occurs  in  granular 
or  curved  lamellar  diftinct  concretions.  Its 
hardnefs  is  confiderable  for  it  gives  fire  with 
fteel,  difengagvng  at  the  fame  time  a ftrong 
arfenical  odour.  It  Is  brittle,  but  difficji'ltly 
frangible.  Sp.  gr.  6.6. 

Before  the  blowpipe  it  gives  out  an  arfenical 
vapour,  and  then  fufes  though  not  very  eafily 
into  a dark  fcoria  mixed  with  metallic  grains. 


It  appears  to  confift  eflentially  of  nickel  and 
arfenic,  but  it  alfo  contains  fulphur,  iron,  co- 
balt, copper,  and  not  unfrequently  bifmuth  and 
filver. 

It  occurs  in  veins  both  in  primitive  and  ftra- 
tified  mountains  accompanied  by  various  ores- 
of  cobalt  and  filver,  and  by  heavy  fpar,  calcareous 
fpar,  brown  fpar,  and  quartz. 

It  is  found  moft  abundantly  at  Joachimfthal 
in  Bohemia,  Schneeberg,  Freyberg  and  Anna- 
berg  in  Saxony  ; and  Andreafberg  in  the  Hartz; 
it  is  alfo  met  with  in  Cornwall  in  England,  at 
Allemont  in  France,  in  Stiria,  in  Arragon  in 
Spain,  and  Kolywan  in  Siberia. 

Sp.  2.  Nickel  Ochre.  Nikkei  Okker,  Wern. 

Its  ufual  colour  is  apple  green,  paffing  ta 
grafs-green  and  greenifh  white  *,  when  moift 
the  colour  is  confiderably  deepened.  It  occurs 
difleminated,  and  as  a fuperficial  covering  on 
copper  nickel  and  the  ores  of  cobalt.  It  is 
compofed  of  loofe  or  llightly  cohering  pulveru- 
lent particles.  It  is  meagre  to  the  touch  and  is 
light.  _ 

It  is  infufible  per  fe  by  the  blowpipe,  when 
melted  with  borax  this  latter  acquires  a hya- 
cintliine.  colour  and  metallic  globules  are  pro- 
duced. It  is  often  in  part  foluble  in  water,  but 
this  arifes  from  an  admixture  of  fulphat  of 
nickel,  which  may  thus  be  feparated  from  the 
proper  ochre. 

It  is  found  in  the  fame  places  and  fituatlons 
as  the  preceding  fpecies. 

§ ,2.  Analysis  of  Ores. 

Copper  nickel  though  not  confiding  eflcntlally 
of  more  than  two  or  three  ingredients  may  yet 
cafually  contain  a confiderable  variety  of  other 
fubftances  as  has  been  Ihown  above.  In  giving 
therefore  a formula  for  its  analyfis  it  will  be 
advifable  to  confidcr  it  in  its  moft  compound 
form.  Hence  we  fhall  fuppofe  it  to  contain 
nickel,  arfenic,  fulphur,  copper,  iron,  cobalt, 
filver,  and  bifmuth,  befides  quartz  and  alumine. 

1.  The  ore  being  ground  to  an  impalpable 
powder  muft  be  digefted  with  nitric  acid  con- 
fiderably diluted,  nitrous  gas  will  be  given  out, 
and  by  two  or  three  digeftions  every  thing  folu- 
ble will  be  taken  up. 

2.  The  infoluble  portion,  confifting  for  the 
moft  part  of  fulphur  and  filex,  is  to  be  dried, 
weighed,  and  then  heated ; the  fulphur  (a)  will 
burn  off,  and  its  amount  may  be  afeertained  by 
the  difference  of  weight  before  and  after  ig- 
nition. The  refidue  after  being  boiled  in  a 
little  nitrous  acid  is  pure  flex  (k). 

3.  Add  together  both  the  nitrous  folutions. 
nearly  faturate  the  liquor  with  pure  foda,  eva- 
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porate  it  confiderably  and  then  pour  the  folution 
into  cold  diftilled  water,  by  which  the  oxyd  of 
hifrnuth  (c)  will  be  precipitated. 

4.  To  the  filtered  lolution  add  muriat  of  foda 
drop  by  drop  as  long  as  any  precipitate  falls 
down  ; this  is  muriat  of  filver  [d). 

5.  .Now  evaporate  the  folution  nearly  to  dry- 
nefs,  and  boil  it  with  ftrong  nitric  acid  as  long 
as  any  nitrous  gas  is  given  out : during  the  pro- 
cefs  red  oxyd  of  iron  (e)  will  be  precipitated. 

6.  Having  removed  the  oxyd  of  iron,  nearly 
faturate  the  liquor  with  foda  and  pour  in  nitrat 
of  lead  as  long  as  any  arfeniat  of  lead  [f]  is 
precipitated,  which  feparate  by  the  filter. 

7.  The  nitrous  folution  being  now  decom- 
pofed  by  carbonated  foda,  and  the  waflied  pre- 
cipitate digefled  in  liquid  ammonia,  oxyd  of 
iron  (g)  mixed  with  aluminc  {Jo)  will  be  left  be- 
hind, which  may  be  feparated  in  the  ufual  way 
by  cauftic  fixed  alkali. 

8.  The  ammoniacal  folution  is  to  be  fiightly 
fuperfaturated  with  nitric  acid,  and  a bar  of  iron 
being  immerfed  in  it  will  feparate  the  copper  [i) ; 
after  which  the  liquor  is  to  be  decompofed  by 
carbonated  foda  and  the  precipitate  again  di- 
gefled in  ammonia,  that  the  iron  ufed  for  fepa- 
rating  the  copper  may  be  got  rid  of. 

9.  The  folution  containing  now  only  nickel 
and  cobalt,  is  to  be  treated  according  to  Mr.  R. 
Phillips’s  “ method,  as  follows.  Evaporate  the 
liquor  till  the  excefs  of  ammonia  is  driven  off, 
which  may  be  known  by  the  vapour  ceafing  to 
difcolour  moift  turmeric  paper : then  largely 
dilute  it  and  pour  in  pure  potafii  or  foda  as  long 
as  any  precipitation  takes  place ; W'hat  falls 
down  is  oxyd  of  nickel  [k). 

10.  The  cobalt  (/)  alone  remains  in  folution, 
and  may  be  readily  feparated  by  accurately 
faturating  the  liquor  with  nitric  acid  and  then 
adding  carbonated  foda. 

The  above  general  mode  of  proceeding  is 
alfo  applicable  to  the  analyfis  of  nickel  ochre, 
except  that  it  fliould  firft  of  all  be  digefled  in 
water  to  diflblve  out  any  fulphat  of  nickel  which 
it  may  accidentally  contain. 

Nickel  is  not  applied  to  any  ufe,  and  there- 
fore no  attempt  has  been  made  in  the  large  way 
to  reduce  its  ores.  The  moll  fatisfadlory  me- 
thod of  performing  this  in  the  laboratory  on 
fmall  quantities  is  the  following. 

a Diflblve  the  ore  in  dilute  nitric  or  nitro-mu- 
rlatic  acid,  and  then  ftir  into  the  clear  folution 
a quantity  of  finely  pulverized  charcoal  about 
equal  In  v/cight  to  the  ore  diflblved  : evaporate 
the  mixture  to  drynefs  and  put  it  into  a bellying 
• riiil.  Mag.  xvi.  p.  jiz.  • 


cylindrical  crucible  W'ith  the  mouth  loofcly 
clofed  with  a bit  of  charcoal  or  an  earthen-ware 
flopper.  Place  the  crucible  a wind  furnace 
and  give  it  a full  red  heat  as  long  as  any  arfen- 
ical  vapours  are  difengaged ; if  this  is  carefully 
performed  nearly  the  whole  of  the  arfenic  will 
be  got  rid  of  in  a quarter  of  an  hour  or  twenty 
miiiutes,  far  more  effeblually  than  by  feveral 
hours  roafling  in  the  ufual  method.  Now 
empty  the  contents  of  the  crucible  upon  an 
earthen  tefl,  and  by  a gentle  red  heat  with 
accefs  of  air  burn  olF  all  the  remaining  char- 
coal. 

b Transfer  the  contents  of  the  tefl  to  a flalk, 
and  digefl  them  with  dilute  nitric  acid  as  long 
as  any  thing  is  taken  up.  Then  boil  the  filtered 
folution  with  a little  more  acid  In  order  to 
acidify  any  arfenic  that  may  yet  remain  : this 
being  done,  faturate  the  liquor  with  foda  and  add 
nitrat  of  lead  till  it  ceafes  to  give  a precipitate. 

c Having  feparated  the  arfeniat  of  lead,  add 
to  the  clear  liquor  a little  muriatic  acid  and 
boil  it  with  a bar  of  zinc  : the  fupernatant  deep 
green  liquor  wdll  now  contain  only  the  oxyds  of 
zinc,  cobalt  and  nickel. 

■ d Decompofe  the  folution  by  a carbonated 
alkali  and  digefl  the  wafhed  precipitate  in  am- 
monia, by  which  the  zinc  will  be  left  behind  \ 
and  then  feparate  the  oxyd  of  nickel  according 
to  Mr.  Phillips’s  method  already  deferibed. 

e Mix  the  oxyd  of  nickel  with  glafs  of  borax 
and  expofe  it  in  a crucible  with  a little  carbon- 
aceous matter  to  the  highefl  heat  of  a pow'erful 
furnace ; a reguline  button  will  thus  be  pro- 
duced which  is  pure  nickel. 

§ 3 . Physical  and  Chemical  properties  of  Nickel. 

The  colour  of  nickel  Is  a dull  yellowilh  white  ; 
its  fraclure  is  foliated ; it  is  brittle,  yet  not  fo 
much  fo  as  to  prevent  it  from  undergoing  a 
flight  extenfion  under  the  hammer.  Its  fp.  gr. 
is  31=8.51.  It  is  flrongly  attracled  by  the 
magnet. 

Thefe  are  the  characlers  of  the  pure  regulus 
as  obtained  by  Mr.  Phillips  according  to  his 
procefs,  the  efficacy  of  v/hich  there  feems  no 
reafon  to  fufpedl.  hi.  Richter  however  has 
recently  publiflied  a memoir  on  this  metal,  in 
xvhich  he  claims  for  it  the  rank  of  a noble  one, 
and  the  charadlers  of  which  according  to  him 
are  the  following.  Its  colour  is  between  filvcr 
and  tin  white  : it  is  not  oxydable  by  expofure 
to  the  atmofphere : It  is  malleable  either  hot  or 
cold,  and  by  laminating  may  be  reduced  Into 
leaves  no  thicker  than  of  an  inch.  Its  fp.  gr. 


^ Van  Moils  Journ.  de  Chim.  vol.  vi.  or  Phil.  Mag.  xsiii.  p.  137. 
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when  fufed  is  = 8.279,  and  when  hnmmcred 
— 8.666.  It  requires  for  its  fufion  a heat  fully 
equal  to  that  for  the  fufion  of  manganefe.  It 
is  very  difficultly  oxydable  even  at  a white  heat: 
it  is  not  only  attra£Hble  by  the  magnet  but  is 
capable  of  acquiring  magnetic  polarity.  Some 
of  the  reguli  of  this  metal  obtained  by  Bergman 
alfo  exhibited  nearly  the  fame  properties,  but 
from  the  mode  of  redudlion  purfued  in  both 
cafes  it  appears  almoft  certain  that  Richter’s 
pure 
with 

Pure  nickel  Is  perhaps  capable  of  two  ftates 
of  oxydation  : by  long  expofure  to  an  intenfe 
heat  with  accefs  of  air  it  is  converted  to  a 
dark  brown  oxyd  which  is  Hill  magnetical : 
on  the  other  hand  the  colour  of  all  its  falts  is 
green  and  the  precipitate  thrown  down  by  de- 
compofing  them  with  alkali  is  alfo  green,  hence 
it  may  be  concluded  that  the  perfe£l:  oxyd  of 
nickel  is  green,  unlefs  this  colour  as  in  the  cafe 
of  the  green  oxyds  of  copper  be  owing  to  a 
combination  with  water.  The  green  oxyd  of 
nickel  by  moderate  ignition  becomes  affi-grey 
with  a llight  tinge  of  blue  or  green,  and  in  this 
ftate,  according  to  Klaproth^,  is  compofed  of 
66  of  metal  and  34  of  oxygen.  By  further 
ignition  it  becomes  of  a blackilh  grey,  and  con- 
tains, according  to  Richter,  78  of  metal  and  22 
of  oxygen.  Both  the  oxyds  of  nickel  by  llrong 
ignition  in  clofe  veflels  even  without  the  con- 
tad!  of  any  inflammable  body  are  reduced  to 
the  metallic  ftate. 

Sulphuric  acid,  ef^recially  when  heated,  dif- 
folves  either  nickel  or  its  oxyd  5 and  by  evapo- 
ration to  drynefs,  in  order  to  drive  off  the  fu- 
erfiuous  acid,  leaves  behind  a faline  mafs  folu- 
le  in  water  and  from  which  by  evaporation 
may  be  obtained  rhomboidal  odfehedrons  trun- 
cated at  their  bafes  of  fulphat  of  nickel.  The 
colour  of  this  fait  is  a bright  emerald  green, 
which  by  moderate  ignition  to  drive  off  the 
water  of  crjdtallization  becomes  of  a greeniffi 
white. 

Nitric  acid  by  the  affiftance  of  heat  a£ls 
vigoroully  on  metallic  nickel  or  its  oxyds,  and 
forms  with  it  a grafs  green  folution  from  which 
are  obtained  by  evaporation  rhomboidal  cryftals: 
thefe  on  expofure  to  the  air  at  firft  deliquatc, 
but  by  long  expofure  to  a warm  atmofphere 
lofe  the  greater  part  of  their  acid  and  crumble 
to  a greeniffi  white  powder. 

Muriatic  acid  fcarcely  a£!s  on  reguline  nickel 
but  diffolves  its  oxyd  without  difficulty ; the 
evaporated  folution  depofits  irregular  cryftals  at 


regulus  IS  m fact  an  alloy  01  this  metal 
iroin 


firft  deliquefeent  and  afterwards  eftlorcfcent 
like  thofe  of  nitrated  nickel. 

Solutions  of  all  the  preceding  falts  are  dc- 
compofed  by  the  alkaline  hydrofulphurets,  with 
which  they  form  black  precipitates ; but  ful- 
phuvetted  hydrogen  has  no  apparent  eftedb  upon 
them.  Prulhat  of  potafli  throws  down  a bright 
fea-green  precipitate ; of  which,  according  to 
Bergman,  250  parts  contain  100  of  metallic 
nickel : thefe  proportions  however  differ  ma- 
terially from  thofe  given  by  Klaproth,  according 
to  whom  100  grains  of  reguline  nickel  after 
folution  in  fulpiiuric  acid  give  a precipitate  by 
pruffiat  of  potafli,  which  after  being  ignited  fo 
as  to  become  entirely  attra£fible  by  the  magnet 
weighs  300  grains. 

Tindiure  of  galls  produces  no  precipitate  or 
even  turbidnefs. 

The  mild  alkalies  occafion  a light  apple-green 
precipitate  of  carbonated  nickel  in  the  propor- 
tion according  to  Bergman,  when  carbonated 
foda  is  employed,  of  135  parts  for  every  too  of 
regulus  : but  according  to  Richter,  when  car- 
bonated potafli  is  employed,  of  292  parts  for 
every  100. 

The  cauftic  fixed  alkalies  alfo  afford  a pre- 
cipitate amounting  according  to  Bergman  to 
128  parts  for  every  100  of  regulus. 

Pure  ammonia  when  added  to  faturation  to 
any  of  the  falts  of  nickel  throws  dowm  a green 
precipitate  which  is  again  diflblvcd  by  an  excefs 
of  the  fame  alkali : the  folution  is  now  of  a 
beautiful  Iky  blue  colour,  and  probably  contains 
the  acid,  the  ammonia,  and  oxyd  of  nickel  com- 
bined together  into  a triple  lalt.  '1  he  ainmo- 
niaco-nitrat  of  nickel,  according  to  Iffienard 
exhibits  the  following  properties.  It  depclits 
green  cryftals  by  evaporation ; it  is  decom- 
pofable  by  fulphuretted  hydrogen  and  the  alka- 
line fulphurets  : neither  acids  nor  alkalies  efi'eht 
any  change  in  it  at  the  common  temperature, 
but  by  ebullition  with  cauftic  potafli  the  ammo- 
nia is  driven  off',  nitre  is  formed  and  oxyd  of 
nickel  precipitates.  It  may  alfo  be  decompofed 
by  firft  faturating  the  ammonia  with  an  acid  and 
then  adding  carbonated  foda. 

Not  only  the  falts  of  nickel  but  the  oxyds 
alfo,  and  even  the  regulus,  are  foluble  in  am- 
monia, the  colour  of  the  fluid  thus  produced  is 
a dark  purple-blue,  like  tlie  ammoniuret  of 
copper.  It  is  decompofable  with  precipitation 
of  the  metallic  oxyd  by  either  of  the  cauftic 
fixed  alkalies,  as  has  been  already  obferved  in 
the  preceding  feblion. 

None  of  the  metals  are  capable  of  decom- 


' Bergman,  Eff.  II.  p.  243.  272.  " Anaiyt.  Efi'.  I.  p.  43«*  ' Ann.de  Chem  XLII,  p.216. 
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pofing  the  falts  of  nickel ; even  zinc,  although 
affifted  by  an  excefs  of  muriatic  acid  in  the  folu- 
tion,  and  a boiling  temperature,  has  no  efFe£t  on 
the  fait  when  the  nickel  is  pure  : a mud-coloured 
precipitate  indeed  is  not  unfrequently  depofited 
from  the  folution  of  common  nickel,  but  this  pre- 
cipitate is  for  the  moll  part  arfenic  and  iron,  with 
which  nickel  purified  in  the  ufual  way  always 
abounds.  Hence  it  is  that  in  proportion  to  the 
action  of  the  zinc  on  this  compound  fait,  the 
green  colour  of  the  folution  becomes  more  and 
more  pure  and  bright ; and  when  all  the  arfenic 
capable  of  precipitation  by  this  method  has 
fallen  down,  no  further  digeftion  with  zinc  or 
any  other  metal  will  produce  the  leaft  effe£t. 

There  are  no  experiments  on  the  combination 
of  pure  nickel  with  fulphur  or  phofphorus,  but 
as  the  common  regulus  unites  without  difficulty 
with  thefe  combuftibles  it  is  probable  that  the 
pure  metal  will  do  fo  likewife. 

The  alloys  of  nickel  with  the  other  metals 
have  been  but  little  examined. 

When  combined  with  gold  in  the  proportion 
of  three  or  four  grains  of  the  former  to  an  ounce 
of  the  latter,  neither  the  colour  nor  malleability 
of  the  mafs  materially  differs  from  that  of  pure 
gold,  but  if  the  proportion  of  nickel  amounts  to 
20  grains  of  alloy  in  the  ounce,  the  refult  is  a 
mixture  of  a brafs  colour,  a coarfe  grain,  and 
very  brittle.  ^ 

VVith  filver  it  may  be  combined  according 
to  Bergman,  in  nearly  equal  proportions,  without 
impairing  in  any  remarkable  degree  either  the 
colour  or  du£l:ility  of  the  filver. 

With  copper  it  forms  an  alloy  of  lefs  duffility 
than  pure  copper,  and  the  magnetic  quality  of 
the  nickel  is  diminifhed  though  by  no  means 
deftroyed 

With  tin  it  forms  a white  brittle  compound. 

By  mixture  with  arfenic  it  forms  a brittle  and 
cafily  fufible  mafs,  entirely  incapable  of  being 
a£l;ed  on  by  the  magnet.  If  the  proportion  of 
arfenic  in  the  compound  is  confiderable,  it  will 
emit  fumes  of  this  metal  by  expofure  to  the  blow- 
pipe, and  if  it  be  broken  to  pieces  and  roafted  at  a 
low  red-heat  it  will  be  covered  with  a green  arbo- 
refcence  of  arfenicated  oxyd  of  nickel : by  a 
repetition  of  alternate  roaftings  and  reduftions 
with  a carbonaceous  flux,  the  arfenic  may  be  fo 
far  feparated  as  that  the  alloy  will  give  out  no 
more  vapours,  nor  produce  any  arborefcence, 
after  which  by  repeated  fcorification  with  nitre, 
the  remaining  arfenic  may  be  almoft  entirely  got 
rid  of  i but  this  method  is  neither  fo  expeditious 


or  fatisfadlory  as  that  already  detailed  in  the 
preceding  feftion. 

Nickel  and  iron  feem  to  unite  together  in  all 
proportions  : the  colour  of  the  alloy  approaches 
more  to  that  of  filver,  as  the  nickel  prevails  in 
it ; and  its  dudfility  and  power  of  magnetifm 
appear  to  be  fully  equal  to  that  of  pure  iron. 
It  is  remarkable  that  all  the  fpecimens  of  mete- 
oric iron  that  have  been  analyfed,  are  natural 
alloys  of  iron  and  nickel,  of  which  this  latter 
conftitutes  from  1.5  to  17.  per  cent.  Thefe 
maffes  differ  from  pure  iron  in  being  fcarcely 
at  all  oxydable  by  expofure  to  the  weather,  it  is 
highly  probable  therefore  that  nickel  may  be- 
come a metal  of  vaft  importance  if  its  power  of 
protefting  iron  from  ruff  be  fully  eftablifhed. 

Oxyd  of  nickel  is  foluble  by  fufion  in  various 
vitrefeent  mixtures,  to  which  it  gives  different 
tinges  of  colour  according  to  the  nature  of  the 
faline  ingredient  made  ufe  of  as  a flux. 

A mixture  of  Pure  filiceous  earth  80  grains, 
Carbonated  potafli  60 
Oxyd  of  nickel  - 3 

affords  by  fufion  a hard  clear  violet-blue  glaf*.  ^ 

Siliceous  earth  - 60 

Calcined  borax  - 60 

Oxyd  of  nickel  - 3 

yield  a glafs  of  a clear  brown  with  a tinge  of 
blue,  or  a hyacinthine  colour.  A fimilar  effedt 
is  produced  if  either  carbonat  of  foda  or  micro- 
cofmic  fait  be  fubftituted  inftead  of  borax, 
Witli  the  latter  of  thefe  fluxes  the  glafs  while 
hot  is  of  a deep  garnet-red  colour. 

Siliceous  earth  - - - 60 
Vitrified  phofphoric  acid 
prepared  from  bones  - 60 

Oxyd  of  nickel  - - - 3 

produce  a honey-yellow  glafs,  but  not  quite 
tranfparent ; this  defedl  however  is  in  all  pro- 
bability to  be  attributed  to  the  phofphat  of  lime, 
which  phofphoric  acid  fo  prepared  almoft  always 
contains. 

NIGRIN.  See  Titanium. 

NITROGEN.  See  Azot. 

NITRIC.  Nitrous  Acid.  Aqua  Forth  of 
Commerce.  Der  Salpetersaure.  Germ. 

This  moft  important  acid  is  found  native  in 
great  abundance  united  with  potaffi,  in  fome 
parts  of  the  Eaft  Indies,  and  it  is  alfo  generated 
by  the  putrefadlion  of  animal  matters  of  various 
kinds,  as  will  be  explained  under  the  arti9le 


^ Hauhett. 


* Khpr.  ADalj't.  Eff.  I.  p.  437. 
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Nitrat  of  Potafj,  It  is  alfo  generated  In  feveral 
chemical  procelTes,  and  may  be  produced  by  the 
direct  union  of  its  two  conftituent  parts,  azot, 
and  axygeu,  in  fufficient  quantity  to  afford  fatis- 
faclory  evidence  of  its  chemical  nature  •,  but  for 
the  purpofes  of  the  laboratory  and  manufadure, 
it  is  always  prepared  from  nitre,  by  the  addition 
of  fome  fubftance  which  has  a flronger  affinity 
with  potaffi  than  the  nitric  acid  has,  affifted 
by  diftillation. 

The  moll  antient  way  of  procuring  this  acid 
and  which  is  ftill  pradifed  in  many  countries 
(though  now  feldom  in  England)  is  by  heating 
ftrongly  a mixture  of  nitre  and  clay,  or  nitre 
and  green  vitriol,  in  earthen  or  iron  retorts,  and 
receiving  the  acid  vapour  in  proper  velfels.  It 
was  foon  found  that  alum  and  fome  other  vitri- 
olic falts  anfwered  the  purpofe  as  well  as  the 
vitriol  of  iron,  and  laftly  the  great  improvement 
was  made  of  employing  the  vitriolic  acid  alone, 
which  is  the  method  now  univerfally  adopted 
in  the  laboratory,  and  chiefly  in  manufadure, 
in  this  country,  where  this  acid  is  cheap. 

The  way  ot  procuring  the  nitrous  acid  in 
fmall  quantities,  is  the  following : take  a plain 
glafs  retort  of  any  fize,  put  into  it  any  quantity 
of  dry  purified  nitre  in  powder  (which  need  not 
be  very  fine)  dropping  it  through  a paper 
funnel,  that  none  may  lodge  in  the  neck  of  the 
retort,  and  fill  it  not  higher  than  at  moft  two- 
thirds  of  the  capacity  of  the  body  of  the  vefTel, 
when  the  nitre  lies  light  and  uncomprelfed. 
Then  pour  in  (through  a glafs  funnel,  with  a 
Item  reaching  nearly  to  the  bottom)  concentrated 
fulphuric  acid  equal  to  about  half  of  the  weight 
of  the  nitre,  equally  guarding  againft  any  lodge- 
ment of  it  in  the  neck  of  the  retort.  Then 
lute  on  a large  tubulated  glafs  receiver,  and 
cement  the  joinings  with  fat  lute  (the  compofi- 
tion  of  which  is  defcribed  under  the  article 
Cements).  Thefe  two  are  all  the  veflels  abfolutely 
required,  but  the  tube  of  the  receiver  mull  be 
only  loofely  ftopped,  or  (what  is  a better  way) 
it  fhould  dip  into  an  empty  bottle  without 
luting  the  joinings.  As  however  towards  the 
end  of  the  procefs  much  acid  vapour  pafles  off 
which  would  be  loft  in  the  common  way  of 
proceeding,  and  is  partially  condenfible  by 
water,  one  or  two  bottles  of  the  Woulfe’s  appa- 
ratus, half  filled  with  water,  may  be  added  to 
the  receiver,  and  the  abforption  tubes  carefully 
placed,  fo  that  none  of  the  acidulous  water  may 
be  fucked  back  into  the  receiver,  and  mix  with 
the  ftronger  acid.  The  retort  is  then  to  be 
placed  in  a fand-bath,  and  the  fire  applied  gra- 
dually. 


As  fooa  as  the  nitre  and  fulphuric  acid  mix, 
faint  orange-yellow  fumes  arife,  but  very  fpa- 
ringly,  till  by  the  affiftance  of  heat  the  nitre  is 
compleatly  diflblved  in  the  acid.  When  this 
mixture  begins  to  get  hot  the  fumes  increafe, 
and  long  wet  ftreaks  appear  on  the  neck  of 
the  retort,  which  colledl  and  fall  down  in  drops 
in  the  receiver.  The  heat  is  now  to  be  in- 
creafed  till  the  mixture  boils,  and  at  this  point 
of  gentle  ebullition  the  materials  are  to  be  kept, 
during  which  the  drops  of  acid  fall  In  quick 
fucceffion  into  the  receiver,  and  the  receiver 
itfelf  is  lined  wdth  the  fame  ftreaks  of  acid  drops. 
Towards  the  middle  of  the  diftillation,  when 
both  retort  and  receiver  are  filled  with  the  acid 
vapour,  the  colour  is  only  a faint  orange,  fo 
that  the  materials  within  the  retort  can  be  feen 
without  much  difficulty  by  looking  down  (for 
the  hot  fand  ffiould  be  heaped  up  as  high  as 
poffible,  and  above  the  level  of  the  boiling  fluid) 
and  even  if  they  cannot  be  conveniently  fecu 
the  procefs  will  be  known  to  go  on  well  by  the 
gentle  uniform  hiffing  noife  of  the  boiling 
materials,  and  the  moderately  rapid  fall  of  con- 
denfed  drops  in  the  receiver,  which  laft  fhould 
be  kept  quite  cold  with  wetted  cloths  on  the 
outfide  if  neceffary.  During  all  this  time  little, 
if  any,  gas  or  vapour  of  any  kind  paffes  beyond 
the  large  receiver.  At  length  the  vapour  in  the 
retort  becomes  of  a higher  orange,  which  foon 
(and  rather  fuddenly)  deepens  into  a very  dark 
and  nearly  opake,  orange-red,  fo  that  the  materi- 
als can  no  longer  be  feen  ; and  a little  afterwards 
thefe  begin  to  fv/ell  confiderably,  and  to  rife 
flowly  up  to  the  neck  of  the  retort,  and  if  this 
was  at  firft  more  than  half  full,  the  hot  half-fluid 
matter  is  apt  to  flow  over  into  the  neck,  and 
thence  into  the  receiver,  unlefs  the  heat  of  the 
furnace  be  rapidly  checked  and  the  top  of  the 
retort  cooled  by  removing  the  upper  part  of  the 
fand.  The  diftillation  is  then  to  be  continued 
wdth  the  heat  kept  up  as  high  as  poffible  with- 
out boiling  over,  and  the  whole  receiver  now 
becomes  darkened  with  red-orange  fumes,  which 
find  their  way  on  to  the  conneifted  bottles,  where 
they  are  chiefly  condenfed  in  the  water  through 
which  they  are  forced.  At  the  fame  time  how- 
ever a confiderable  quantity  of  gas  efcapes, 
which  if  examined,  is  found  to  be  a mixture  of 
azot  with  a very  large  proportion  of  oxygen. 
When  nothing  furtlier  is  given  out  and  the  heat 
is  fufficient  nearly  to  redden  the  bottom  of  the 
retort,  the  procefs  is  concluded. 

The  produfls  of  this  diftillation  are : — i 
quantity  of  ftrong  heavy  nitrous  acid,  of  a bright 
yellow  colour,  emitting  copious  orange -red 
s 2 
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fiTfncs,  of  an  excefTively  pungent  and  peculiar 
Imeil,  and  of  the  ipeciiic  gravity  of  about  1.5, 
or  half  as  heavy  again  as  water,  if  the  nitre 
was  thoroughly  dried  before  it  was  put  into  the 
retort,  and  the  fulphuric  acid  was  very  concen- 
trated. Tlie  quantity  of  this  acid  is  on  an  average 
about  half  the  weight  of  the  nitre  employed. 
Befides  this  the  water  that  receives  the  nitrous 
vapour  is  converted  into  a weak  acid  liquor  of 
a blue-green  colour. 

The  fubilance  remaining  in  the  retort  con- 
cretes into  a beaulifullv  white  fpongy  faline 
mafs,  confifting  of  fulphat  of  potalh  with  a 
fmall  excefs  of  fulphuric  acid.  This  may  be 
diffolved  out  of  the  retort  by  hot  water  if  the 
heat  has  not  been  fo  intenfe  as  to  melt  the  glafs 
and  the  fait  into  a kind  of  opake  vitreous  mafs. 

The  proportions  of  nitre  and  vitriolic  acid 
here  given  are  two  of  the  former  to  one  of  the 
latter.  Even  a fomewhat  fmaller  quantity  of 
vitriolic  acid  will  difengage  all  the  acid  of  the 
nitre,  but  the  remaining  fulphat  of  potafh  is 
harder,  and  the  heat  required  for  diftillation  is 
greater,  fo  that  if  it  be  a preferable  object  to 
iave  the  retort,  not  lefs  than  half  the  weight  of 
lulphuric  acid  fhould  be  employed.  If  this  is 
increafed  to  two-thirds,  which  is  fometimes 
done,  the  diftillation  is  ftill  eafier,  but  the  nitric 
acid  contains  fome  fulphuric  acid,  from  which 
indeed  it  is  feldom  free  till  further  rectified. 

To  prepare  only  a few  ounces  of  the  acid,  a 
fand-heat  is  not  necefl'ary,  but  the  retort  may 
be  heated  by  a lamp. 

The  nitrous  acid  thus  prepared  is  very  ftrong 
and  fuming,  and  the  leaft  drop  Trains  the  hands 
yellow  almoft  immediately.  When  heated  to 
boiling  it  gives  out  abundance  of  red  nitrous 
vapour,  and  if  kept  boiling  for  a quarter  or  half 
an  hour  (which  in  a narrow-mouthed  flafle  can 
be  done  without  much  lofs  of  acid)  it  becomes 
when  cold  limpid  and  colourlefs  as  water,  and 
now  no  longer  fumes.  To  preferve  it  colour- 
lefs it  ftiould  be  kept  in  a dark  place,  as  the 
light  gradually  reftores  the  colour. 

Thus  then  there  are  two  forms  or  fpecies  of 
, this  acid,  viz.  the,  orange-yellow  fuming  acid, 
and  the  pale  limpid  ; and  the  former  is  more 
accurately  termed  in  modern  chemiftry  nitrous 
acid,  and  the  latter  nitric.  The  precife  diffe- 
rence between  the  two  will  be  prefently  noticed ; 
but  it  may  be  here  obferved  that  the  nitrous 
appears  to  be  the  nitric  holding  a quantity  of 
red  nitrous  vapour  in  folution. 

Comm.on  nitrous  acid  contains,  befides  nitrous 
vapour,  a quantity  of  muriatic  and  of  fulphuric 
acid,  the  former  arifing  from  a fmall  admixture 


of  common  fait,  or  more  commonly  of  muriat 
of  potafh  with  the  nitre ; and  the  latter  from 
the  volatilization  of  part  of  the  fulphuric  acid 
added.  It  is  of  importance  often  both  in  manu- 
fadture  and  in  experiment,  to  get  rid  of  thefe 
foreign  acids,  which  may  be  done  in  the  fol- 
lowing way  : the  fulphuric  acid  is  got  rid  of  by 
rediftilling  the  acid  upon  about  an  eighth  or 
tenth  of  pure  nitre  in  a moderate  heat,  by 
which  the  fulphuric  acid  is  detained  ; or  elfe 
nitrat  of  lead  may  be  added  to  the  mixed  acid, 
which  will  caufe  the  fulphuric  to  feparate  in 
the  form  of  an  infoluble  fulphat,  after  which 
the  clear  acid  may  be  fimply  decanted  off,  or 
(what  is  much  better)  ftiould  be  rediftiiled. 

To  feparate  the  muriatic  acid  nitrat  of  filver 
may  be  dropped  In  gradually  till  all  the  muriatic 
acid  falls  down  as  muriat  of  filver,  after  which 
the  clear  nitrous  acid  may  be  confidered  as  pure, 
or  what  is  better,  ftiould  be  rediftiiled. 

The  manufacture  of  this  acid  in  the  great 
way  is  now  performed  with  equal  fimpllcity  in 
this  country  and  with  the  fame  materials.  The 
procefs  is  the  following  : rough  nitre  is  firft 
recry  ftallized,  then  the  cryftals  are  put  (without 
pounding)  into  a large  glafs  body,  to  which  is 
added  half  the  weight  of  fulphuric  acid  ; a glafs 
pipe  is  then  luted  to  the  body  and  made  to 
communicate  with  an  empty  receiver,  and  from 
this  by  three  or  four  more  pipes  with  other 
receivers  half  full  of  water,  but  in  this  cafe 
the  pipes  do  not  dip  in  the  water.  Heat  is 
then  applied,  and  the  ftrong  acid  condenfes  in 
the  empty  receiver,  wdillft  the  acid  vapour  unites 
with  the  water  of  the  others,  forming  the  com- 
mon aqua  fortis.  To  purify  the  ftrong  acid 
from  the  muriatic,  the  followung  fimple  method 
is  found  fuffieient : a fmall  quantity  of  diftilled 
water  is  added  to  feveral  pounds  of  the  acid, 
which  caufes  a great  produdlion  of  heat  and  a 
fudden  guft  of  nitrous  fumes,  and  in  thefe  fumes 
all  the  muriatic  acid  efcapes,  being  more  volatile 
than  the  nitric  acid.  By  fubfequent  boiling  the 
reft  of  the  nitrous  vapour  is  got  rid  of,  and  the 
acid  that  remains  is  a nearly  pure  nitric  acid, 
of  about  1.5  fpecific  gravity.  The  refiduary 
fulphat  of  potalh  is  moftly  fold  to  the  alum- 
makers  in  Scotland. 

The  furnace  and  apparatus  of  an  aqua-fortis . 
diftlller  confift  chiefly  of  a long  iron  trough 
filled  with  fand,  in  which  the  retorts  are  buried 
in  two  rows,  Handing  back  to  back,  and 
under  which  is  a long  brick  furnace  to  heat 
the  fand.  Each  retort  has  its  own  receiver. 
Sometimes  inftead  of  glafs  retorts,  very  thick 
iron  pots  are  fubftituted  with  advantage.  Thefe 
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win  laft  a rery  confiderable  time  before  they 
are  fo  much  worn  as  to  be  unferviceable. 

Nitrous  add  is  alfo  prepared  in  the  large  way 
in  fome  countries  by  diftilling  nitre  and  clay, 
fometimes  nitre  and  martial  vitriol.  The  ap- 
paratus for  both  is  the  fame,  namely,  large 
earthen  perir-fliaped  pots,  in  which  the  materials 
are  heated,  and  earthen  globes  for  receivers. 
The  pots  are  ranged  in  a long  furnace  in  a 
double  row,  as  already  defcrlbed.  When  clay 
is  the  material  ufed  a harfli  vitriolic  clay  is 
feleded,  which  is  firft  well  dried  in  a fmail 
oven,  then  beaten  to  rough  powder  and  fifted. 
About  five  parts  of  nitre  are  taken  to  twelve 
of  the  clay,  and  when  w'ell  mixed,  the  mafs  is' 
wetted  either  with  water  or  with  the  weLkeft 
acidulous  phlegm  of  former  dillillations.  The 
mixture  is  then  put  into  thfc  pots,  and  the  fire 
is  kindled  and  kept  up  with  thofe  precautions 
which  pradice  alone  can  teach,  and  the  drllilla- 
tion  continued  till  all  the  acid  has  come  over^ 
and  the  pots  are  nearly  red  hot.  'Ine  acid  pro- 
cured in  this  way  is  generally  pretty  good,  but 
muft  undoubtedly  be  much  v.'caker  than  when 
made  with  fulphuric  acid  and  nitre,  fince  it  is 
not  uncommon  to  obtain  nearly  as  much  nitrous 
acid  as  the  w'eight  of  nitre  employed.  Indeed 
it  is  obvious  that  it  muft  contain  all  the  moif- 
turo  originally  left  in  the  clay,  as  well  as  that 
employed  in  the  mixture  of  the  clay  and  nitre. 
The  alfinity  that  adds  here  in  the  produddion  of 
the  acid,  muft  be  that  of  the  clay  for  the  alkali 
of  the  nitre,  when  ftrongly  heated.  Befides  this 
the  clays  ufed  are  confiderably  vitriolic,  which 
alfo  aftlfts  in  the  expulfion  of  die  nitrous  acid. 
The  refidue  in  the  retort  is  a hard  half-fufed 
earthy  mafs,  now  turned  to  a deep  red  (owing 
to  the  compleat  oxydation  of  the  iron  of  the 
clay)  and  confifting  of  all  the  earths  of  the 
•clay,  the  alkali  of  the  nitre,  and  a little  fulphat 
of  potafh,  which  laft  may  be  feparated  by  boiling 
water.  This  refidue  is  called  cement  earth  of 
aqua  forth,  and  is  only  ufed  as  a red  earth  in 
ftaining  tiles,  bricks,  &c. 

^ The  procel's  for  making  aqua  fortls  by  martial 
vitriol  (which  is  a very  good  method  and  much 
ufed  on  the  continent)  ^ is  very  firnple.  The 
vitriol  is  firft  calcined  till  it  falls  into  a white 
powder,  by  which  it  lofes  nearly  half  its  weight 
of  mere  water,  but  little  or  none  of  its  acid. 
The  calcined  vitriol  is  then  mixed  with  about 
its  own  weight  of  pure  nitre,  and  the  mixture 
is  put  in  fome  works,  into  earthen,  in  others 
in  iron  pots,  to  which  glafs  receivers  are  well 


luted  (but  with  a fmall  vent-hole,  for  the  un- 
condenfible  vapour  to  efcape  when  opened) 
and  the  fire  is  gradually  raifed  to  rednefs  during 
which  the  acid  diftills  over.  In  this  as  in  other 
diftiilatlons  of  this  acid  a fat  lute  made  of  clay 
and  linfeed  oil  is  generally  employed.  The 
acid  procured  in  tills  method  is  more  ruddy  and 
fuming  than  in  any  other,  fo  as  to  be  almoft 
brown  and  opake,  and  in  the  procefs  the  receiver 
is  often  found  ftarred  with  cryftalline  rays, 
which  again  melt  down.  Thefe  are  probably 
fulphuric  acid  driven  oft'  bv  the  violence  of  tlie 
heat  and  fatuvated  with  nitrous  vapour,  which 
(as  will  be  elfewhere  mentioned)  renders  this 
acid  cryftallizable.  Tlie  refidue  of  this  diftilla- 
tion  is  a mixture  of  fulphr.t  of  potalh  and  red 
oxyd  of  iron,  which  is  eafily  got  out  unlefs  the 
nitre  was  mixed  with  common  fait,  in  which 
cafe  it  adheres  very  clofeiy  to  the  velTel.  The 
fulphat  of  potafti  is  got  out  by  lixivation 
with  hot  water,  and  the  infoluble  refidue  is  a 
perfect  oxyd  of  iron  of  a blood-red  colour, 
called  colcotha'~,  and  when  well  waftied  and  fifted 
is  much  ufed  by  the  looking-glafs  makers  to  * 
polilh  their  m.irrors. 

Other  fubftances  are  occafionally  ufed  to  dif- 
engage  the  nitrous  acid  from  nitre,  where  they 
can  be  procured  cheap.  Sulphat  of  magnefia  is 
very  ul'eful  for  this  purpofe,  and  in  the  neigh- 
bourhood of  falt-works  it  may  be  fometimes 
obtained  economically  in  fufficient  quantity. 
In  this  cafe  there  appears  to  be  firft  a double 
decompofition  of  the  ingredients,  by  which 
fulphat  of  pota.fii  and  nitrat  of  magnefia  are 
produced,  and  then  the  heat  drives  the  nitric 
acid  off,  fo  that  the  refidue  contains  both  fulphat 
of  potalh  and  uncomblned  magnefia.  It  is  from 
very  few  other  fubftances  however  that  the 
nitric  acid  can  be  expelled  by  heat  undecom- 
pofed,  for  when  the  nitrated  alkalies  and  moft: 
other  nitrated  earths  are  heated,  the  acid  is 
decompofed  almoft  at  firft,  and  the  products 
are,  not  nitric  acid,  but  the  elements  of  this 
acid  difunited.  Hence  it  is  that  nitre  alone 
cannot  be  made  to  yield  its  acid  by  heat. 

The  diftilling  veflels  are  made  either  of  glafs, 
or  earth,  or  iron.  The  former  is  undoubtedly 
the  beft  material,  but  is  expenfive  and  liable  to 
accidents.  Iron  retorts  when  made  very  thick 
at  bottom  laft  a confiderable  time,  but  the  acid 
gradually  a£Is  upon  them  and  produces  much 
red  nitrous  vapour,  which  caufes  the  acid  to  be 
always  exceflrvely  fuming  and  high-coloured. 

In  fome  parts  of  'Wirtemberg  it  appears  that  they 


J ncycL  Astt  & Metiers.  Art:  £au  Forte. 


N I T 


N I T 


( 142  ) 


have  a way  of  lining  the  iron  pots  with  an 
enamel  glazing,  which  mull  unite  all  the  advan- 
tages of  iron  and  glafs. 

* * * # 

Nitric  acid  with  its  varieties  and  combinations 
has  been  the  fubjedl  of  more  laborious,  pro- 
found, and  various  chemical  rel'earch  than  per- 
haps any  other  fubftance  that  has  ever  occupied 
the  chemill:  and  it  is  well  entitled  to  this 
attention  on  account  of  the  readinefs  with 
which  it  is  decompofed,  and  the  great  affiftance 
which  as  a chemical  reagent  it  affords  in  the  ana- 
lyfis  of  almoft  every  other  fubftance  in  nature. 

From  the  admirable  refearches  of  Scheele, 
Cavendifh,  Prieftley,  Lavoifier,  Berthollet,  Davy 
and  many^others,  we  have  now  acquired  a toler- 
ably accurate  idea  of  the  nature  and  combinations 
of  this  acid,  though  fome  important  points  ftill 
remain  uncertain. 

The  appearance  and  colour  of  this  acid  vary 
confiderabiy:  in  one  ftate  it  is  perfe£lly  limpid 
and  colourlefs,  and  when  poured  out  fends  forth 
whitilh  pungent  fumes:  it  is  then  properly  called 
acid.  In  another  ftate  it  is  yellow  orange 
or  fometimes  of  a dark  red,  emitting  copious 
red  fumes,  when  it  is  termed  in  modern  nomen- 
clature Nitrous  acid. 

Lavoifier  was  of  opinion  that  the  difference 
between  thefe  two  acids  confifted  in  the  degree 
of  oxygenation,  the  former  being  the  moft,  the 
latter  the  leaft  oxygenated.  This  diftindtion 
however,  though  in  one  fenfe  it  exprefles  the 
fadl,  is  not  perfedlly  accurate,  fince  it  will  be 
leen  by  numerous  experiments  to  be  prefently 
related,  that  the  nitric  acid  becomes  converted 
into  the  nitrous  fimply  by  abforption  of  nitrous 
gas  without  any  obvious  difference  in  the  degree 
of  oxygenation  of  the  nitric  acid  itfelf,  and 
confequently  when  either  acid  is  faturated  with 
an  alkaii  the  refulting  fait  is  the  fame  in  both, 
and  not  a more  oxygenated  fait  with  the  nitric, 
and  a lefs  oxygenated  with  the  nitrous,  as  would 
happen  were  the  acid  itfelf  different  in  each. 
Therefore  though  the  adlual  quantity  of  oxy- 
gen is  greater  in  a given  weight  of  nitric  acid 
than  in  the  fame  weight  of  nitrous  acid,  and 
though  they  are  both  compofed  of  azot  and 
oxygen,  there  appears  to  be  only  one  ftate  of 
oxygenation  of  this  acid,  and  the  nitrous  gas 
which  makes  the  difference  between  the  nitrous 
and  nitric  acids  muff;  be  here  confidered  as 
doing  little  more  than  diluting  the  acid,  and 
thus  diminifhing  the  a£lual  quantity  of  it  in  a 
^iven  weight. 


Pure  colourlefs  nitric  acid  is  invariable  in  its 
compofition  as  far  as  has  hitherto  been  found, 
and  no  other  varieties  of  it  are  produced  in 
diftillation  than  what  arifes  from  the  quantity 
of  water  with  which  it  is  diluted,  and  with 
which  it  will  mix  in  every  proportion. 

Nitrous  acid  on  the  other  hand  exifts  in  an 
indefinite  number  of  varieties  according  to  the 
quantity  of  nitrous  gas  which  it  contains,  which 
laft  again  is  regulated  both  by  the  quantity  of 
water  prefent,  and  by  the  temperature.  There 
is  however  a point  of  i'aturation  of  nitric  acid 
with  nitrous  gas,  at  which  it  aflumes  a blue-' 
green  colour.  With  lefs  quantities  of  nitrous 
gas  the  colour  is  green,  olive,  red,  and  yellow. 
The  degree  of  dilution  with  water  however 
much  influences  the  colour  of  the  acid. 

There  is  another  form  of  acid  which  alfo 
requires  particular  notice,  and  it  is  that  which 
Dr.  Prieftley  in  his  moft  admirable  refearches 
on  this  acid  called  Nitrous  vapour.  It  is  nitrous 
acid  in  the  form  of  red  vapour,  and  confifts  of 
nitrous  gas  holding  nitric  acid  in  folution.  It 
is  produced  in  feveral  methods  *,  for  example, 
if  to  nitrous  gas  be  added  oxygen  gas,  a red 
cloud  Is  formed,  which,  if  the  gaffes  be  con- 
fined over  water,  is  readily  abforbed,  but  if  no 
water  be  prefent  it  remains  as  a permanent  gas, 
and  this  is  nitrous  vapour.  It  is  alfo  expelled 
from  the  fuming  nitrous  acid  by  heat,  and  it  is 
produced  during  the  folution  of  bifmuth,  and 
fome  other  of  the  metals  in  nitric  acid,  where 
the  adlion  is  very  violent,  the  nitrous  gas  al- 
ways generated  in  thefe  folutions,  here  diflblv- 
ing  and  carrying  up  a portion  of  the  acid. 

Nitrous  gas  therefore  when  in  large  quantity 
has  a ftrong  tendency  to  volatilize  the  acid, 
and  this  is  more  powerful  in  proportion  to  its 
concentration,  or  inverfely  as  the  water  which 
it  contains.  The  proportions  of  nitrous  gas  and 
nitric  acid  in  nitrous  vapour  vary  confiderabiy. 

There  are  four  diftin£l  fubftantes  con- 
cerned in  the  fubje£l  of  nitric  acid,  namely: 
Nitrous  gas,  (whofe  properties  have  been  partly 
deferibed  under  the  article  Eudiometry,  and 
will  be  further  noticed  in  their  place,}  Nitrous 
vapour,  or  a gafeous  combination  of  nitrous  gas 
and  nitric  acid.  Nitrous  acid,  compofed  of 
nitric  acid,  water,  and  nitrous  gas  in  varying 
proportions,  and  Nitric  acid,  or  the  pure  fatu- 
rated form  of  azot  and  oxygen,  rendered  liquid 
by  union  with  water.  Another  combination  of 
thefe  elements.  Nitrous  oxyd  or  gafeous  oxyd  of 
azot,  [dephlogijlicated  nitrous  air  of  Prieftley^  will 
be  feparately  deferibed,  and  its  properties  need 
not  here  be  confidered. 
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We  fhall  firfl:  mention  feme  clrcumflances 
that  occur  during  the  diftillation  of  nitric  acid 
tliat  aft'e£l  the  nature  of  the  produft.  If  the 
acid  that  comes  over  be  examined  at  different 
periods  of  the  dillillation,  the  firft  portion  will 
have  the  greateft  fpecific  gravity  and  alfo  the 
leaf!  colour.  Dr.  Prieftley’’  has  an  experiment 
to  this  purpofe.  On  receiving  the  acid  at  four 
times,  the  firft  produce  was  very  pale,  and 
heavier  than  the  fucceeding  portions,  effer- 
vefeed  violently  with  water,  emitting  red  fumes. 
The  fecond  part  of  the  produce  was  ftill  paler, 
and  alfo  effervefeed  with  water.  The  third 
part  was  brown,  and  mixed  with  water  quietly: 
the  fourth  was  of  a deep  orange  colour.  Prouft 
has  given  the  following  experiments  on  this 
fubjeft.  A pure  nitric  acid  was  prepared  by 
nitre  and  fulphuric  acid  which  gave  no  precipi- 
tate with  nitrat  of  barytes,  and  therefore  con- 
tained no  fulphuric  acid.  This  was  boiled  to 
expell  fame  of  the  fuperfluous  nitrous  gas,  after 
which  it  remained  yellow,  and  of  the  fpecific 
gravity  of  1.52.  The  fame  acid  beltig  again 
diftilled,  the  firft  produ£l:  was  1.51  fp.  g.  and 
lefs  yellow:  the  fecond  produfl  which  was  ftill 
paler  was  alfo  1.51,  but  the  remainder  in  the 
retort  which  was  quite  colourlefs,  was  only 
1.47.  It  may  be  obftrved  that  the  ftronger  the 
acid  is  the  lefs  heat  it  requires  to  be  volatilized. 
Mr.  Perceval^  found  on  diftilling  two  pounds  of 
nitre  with  one  of  oil  of  vitriol  and  dividing  the 
produ£l  into  three  equal  parts,  that  the  firft 
portion  was  1.494  fp.  gr.  the  fecond  1.485,  and 
the  third  1.442. 

From  thefe  experiments  it  is  fliewn  to  be 
impoffible  to  concentrate  the  nitric  acid  by 
diltillation,  fo  that  when  the  moft  concentrated 
acid  is  required,  very  dry  nitre  and  ftrong 
fulphuric  acid  muft  be  ufed,  and  the  firft  produft 
fet  apart.  Mr.  Kirwan ' found  that  the  ftrongeft 
acid  he  could  procure  was  1.5543  fp.  gr.  at  6c° 
It  was  yellowifli  red,  and  exceftively  fuming  and 
volatile.  This  laft  circumftance  is  owing  to  the 
fmall  quantity  of  water  contained  in  the  mate- 
rials before  dillillation,  as  Dr.  Prieftley  had 
alfo  remarked,  for  the  quantity  of  nitrous  gas 
which  nitric  acid  is  capable  of  dlfiblving  is 
inverfely  in  proportion  to  the  water  it  contains. 
Hence  it  is  that  even  a concentrated  pale  acid 
(which  however  ftill  holds  much  nitrous  gas  in 
folution)  will  give  out  copious  red  fumes  of 
nitrous  vapour  on  dilution  wdth  water. 

The  eft'ecls  of  heat  on  nitric  acid  are  curious 
and  interefting.  Dr.  Prieftley  was  the  firft 
diat  examined  this  fubje£t  with  accuracy ; many 
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of  his  experiments  deferve  particular  mention. 
In  moft  of  them  the  acid  was  inclofcd  in  glafs 
tubes  hermetically  fealed  by  melting  the  end  of 
the  glafs  by  wdiich  all  a£lion  of  external  fub- 
ftances  was  prevented  except  heat  and  light 
which  could  permeate  the  glafs.  Some  ftrong 
nitric  acid  of  a pale  yellow  was  put  into  a glafs 
tube  four  feet  long  and  one  third  of  an  inch  in 
diameter,  the  fpace  occupied  by  the  acid  being 
about  two  inches  of  the  tube,  and  the  open  end 
through  which  it  was  introduced  uas  clofed 
hermetically.  The  tube  thus  prepared  was 
held  In  the  hand  at  the  empty  end,  and  the  other 
prefented  to  a common  fire.  The  firft  cffedl 
w'as  the  acid  alTuming  an  orange  colour  through- 
out, after  which  an  orange-coloured  vapour 
appeared  above  the  furface  of  the  acid  and 
gradually  afeended  higher  in  the  tube,  at  the 
fame  time  that  the  acid  grew'  paler  and  at  laft 
was  left  again  colourlefs.  The  red  vapour  rofe 
higher  and  higher  in  the  tube  as  the  heat  w'as 
continued,  leaving  a confiderable  fpace  between 
it  and  the  acid,  fometimes  as  much  as  ten  or 
twelve  inches  of  the  tube,  quite  tranfparent. 
On  continuing  the  heat  however  the  quantity 
of  vapour  increafed  and  the  colour  deepened. 
It  was  then  removed  from  the  fire,  when  the 
red  vapour  prefently  defeended  to  the  furface 
of  the  colourlefs  acid,  and  entering  into  it 
communicated  the  orange  colour.  The  acid 
however  did  not  feem  to  be  more  coloured  than 
at  firft  by  this  procefs,  but  on  repeating  it  with 
the  fame  tube  for  many  times,  and  boiling  it 
for  a confiderable  time  the  vapour  changed  from 
orange  to  green,  and  the  acid  remained  perma- 
nently of  an  orange-red.  The  effe£l  of  heat 
upon  the  coloured  acid  is  quite  the  reverfe  of 
that  on  the  nitrous  vapour,  for  when  the  vapour 
is  heated  its  colour  always  was  found  to  deepen 
to  a dark  orange-red,  whereas  the  coloured 
acid  becomes  pale  and  limpid.  If  the  moft 
coloured  acid  be  boiled  in  open  veflels  fo  as  to 
allow  the  efcape  of  the  nitrous  vapour,  it  re- 
mains pale  after  it  is  cold,  but  in  clofed  tubes 
(as  above  related)  the  vapour  generated  by  the 
heat  and  confined  over  the  furface  of  the  acid, 
is  (in  part  at  leaft)  again  abforbed  on  cooling, 
and  imparts  Its  own  orange  colour. 

That  the  eftcdl  of  heat  Is  a£lually  to  expell 
the  vapour  from  the  acid,  is  proved  from  the 
circumftance  that  when  a part  of  the  tube  W'as 
foftened  by  heat,  the  prelTure  of  the  vapour 
within  burft  through  the  glafs  at  that  part. 
The  degree  in  which  the  acid  is  comprefted  by 
the  nitrous  vapour,  or  (which  is  the  fame)  the 
■49)  P'  59-  * Royal  Irifh  Tranf.  voliv.  ' Ibid.  p.  i3- 
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degree  of  denfity  of  the  vapour,  mudi  afFedts 
the  colouring  of  the  acid,  fo  that  other  things 
being  the  fame,  th^  acid  will  aflume  a higher 
colour  when  heated  in  a fhort  tube  than  in  a 
long  one  where  the  vapour  can  expand. 

"1  he  contadl  of  air  was  not  found  at  all 
necellary  to  the  colouring  of  nitric  acid,  for 
on  confining  feparate  portions  of  acid  in  tubes 
with  different  fpecies  of  air  and  in  vacuo,  and 
applying  an  equal  degree  of  heat  to  all,  they 
all  alfumed  nearly  the  fame  fhade  of  colour  in 
a given  time. 

The  fmalleft  quantity  of  combuftible  (or 
phlogiftic)  matter  will  almoll  immediately  ren- 
der pale  nitrie  acid  high  coloured  when  added 
to  it,  and  the  fame  change  takes  place  in  a fliort 
time  even  when  the  matter  is  only  contiguous 
to  it,  as  for  example  when  the  acki  is  kept  in  a 
phial  flopped  with  a cork. 

Fuming  nitrous  acid  is  made  colourlefs  by 
fimple  expofure  to  the  air,  but  this  feems  to  be 
effected  folely  by  the  great  dilution  which  it 
gradually  undergoes  from  the  water  which  it 
abforbs  from  the  atmofphere.  Thus  Dr. 
Priefliey  found  on  expofing  a glafs  tumbler 
containing  fome  of  the  acid  to  this  open  air, 
that  in  a day  or  two  it  became  colourlefs,  and 
for  feveral  months  it  gained  weight  notwith- 
ftanding  the  lofs  which  it  muft  have  undergone 
by  evaporation,  till  it  had  acquired  double  its 
original  weight,  and  of  courfe  was  proportion- 
ally dilute. 

Light  alfo  has  a fmiilar  effedl  with  heat  in 
eolouring  pale  nitrous  acid,  which,  as  the 
fame  excelient  obferver  has  remarked,  takes 
place  in  a few  days,  but  it  appears  to  a£l  only 
on  the  vapour  of  the  acid,  for  even  the 
paleft  acid  when  concentratcvd  is  conflantiy 
fending  forth  a vapour  which  is  at  firft  colour- 
lefs, and  this  vapour  vsben  coloured  by  the 
light  feems  to  readl  on  the  acid  and  to  eiTeft  a 
fimilar  change.  Light  however  is  not  necellary 
to  aiTifl  the  adlion  of  heat  fince  the  fame  change 
was  found  by  heating  the  acid  in  opake  veffeis  as 
. in  tranfparent  ones.  To  prove  tliat  the  colorific 
adlion  of  light  was  exerted  only  on  the  vapour 
of  the  acid.  Dr.  P.  made  a quantity  of  colour- 
lefs acid  by  boiling  the  common  yellow  acid 
haftily,  and  letting  it  cool  in  the  dark,  and  put 
different  portions  of  it  in  phials,  fome  of  them 
quite  full,  others  only  half  full  and  with  diffe- 
rent fpecies  of  air  incumbent  upon  them,  and 
expofed  them  all  to  the  fun’s  rays  for  a few 
days.  After  this  time  the  acid  in  all  the  phials 
that  were  only  half  full  was  confiderably  colour- 
ed, but  in  the  full  bottles  it  remained  as 


colourlefs  as  water.  The  fame  effe£l  wa« 
produced  on  the  vapour  when  a vacuum  was 
made  over  the  acid  as  foon  as  introduced.  Alfo 
on  throwing  the  flrong  light  and  heat  of  a lens  I 
on  the  upper  part  of  a phial  half  full  of  acid, 
the  vapour  became  fpeedily  coloured,  and  this 
being  imbibed  by  the  acid  gradually  tinged  it, 
the  colour  fpreading  from  above  downwards. 

Whenever  pale  nitric  acid  is  made  to  yield  a 
quantity  of  red  nitrous  vapour  there  is  at  the 
fame  time  a produdlion  of  oxygen  gas,  and  1 
alfo  as  appears  from  Dr.  Priefllcy’s  experiment,  ] 
a quantity  of  azotic  gas. 

He  found  on  filling  a -tube  with  the  pale  acid, 
boiling  it  within  the  tube  and  clofmg  it  her- 
metically when  boiling,  (In  which  way  almoft 
every  particle  of  atmofpheric  air  is  excluded  by 
the  boiling  vapour)  that  after  the  acid  has  been 
coloured  by  heat  and  red  vapour  formed,  a 
quantiiy  of  air  rufl.ad  cut  of  the  tube  when 
opened,  wliich  was  found  to  confiit  of  a large 
proportion  of  oxymn  and  u me  azotic  gas.  ' 
Thus  it  appears  t'.un  o' ygen  gas  and  iiitfous 
vapour  can  exift  in  the  fame  place  and  in  a 
ftaie  of  Cwnffdorable  condenfation,  without  mu-  , 
tual  dccompofi'.ion. 

The  a6H(  n oi  heat  on  nitric  acid  therefore 
appear.,  to  oc  tiic  red  owing:  fuppefing  the  acid 
to  contain  no  f p.rr^bie  portion  of  nitrous  gas 
in  folution,  ti  e heat  aj'pears  imll  to  dtcon  gofe 
part  of  the  a id  imo  mtrous  gas  and  oxvgen, 
and  thofe  being  expelled  as  loon  as  formed, 
carry  up  it;  ^oiution  a certain  p n.tici;  of  nnde- 
compounded  aud,  and  :l;o-  ihrr'.;  tor.m  , 

7utrous  ’oopot-r.  The  oxyg'.n  'lowcvci  1 '■ems  not  " 
to  be  an  elicit. iad  conliittienr  of  tiie  i.igour  and  ' 
perhaps  is  only  •.rt:  ch.'nic.illy  minglcu  w ith  it.  1 
1;  the  acid  is  dofcly  '.o.tfined  in  a vcff'ei  which 
it  does  not  fill,  the  vqiour  remains  un- 
changed in  the  en.ply  fp  .co  above  the  acid,  fl 

and  when  the  heat  is  v/it). drawn,  a portion  of 
it  (more  or  itfs  according  to  the  derfuy  and  B 
elafticity)  is  again  abfqi'be'l  by  the  acid  and 
renders  it  coioured.  A part  at  leafl  of  the 
oxygen  gas  remains  la  t.Oe  gafeous  (late  im-  iril 

altered,  but  it  is  by  no  means  improbable  that  Jtj 

as  fooq  as  the  heat  is  removed,  another  part  of  jjTj 
the  oxygen  may  again  combine  with  the  nitrons  s' 
gas  v/hich  it  had  quitted  and  return  into  the 
body  of  acid.  A 

Where  pale  nitric  acid  is  enclofed  in  vcflcls 
which  it  entirely  fills  it  is  probable  that  no 
continuance  of  heat  could  render  it  coloured, 
for  as  the  colouring  is  owing  to  its  dilfolving 
nitrous  gas,  and  as  this  gas  cannot  be  formed 
without  the  previous  decompofiticn  of  a portion 
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t>f  acid  and  produ£Hon  of  oxygen  gas,  where 
no  room  is  afforded  for  the  efcape  of  oxygen  in 
its  proper  gafeous  form,  its  produdfion  muft  be 
prevented.  But  on  the  other  hand  the  narrow- 
er the  vacant  confined  fpace  is,  above  the  acid, 
the  more  fpeedily  will  it  become  faturated  with 
nitrous  gas,  owing  to  the  conftantly  accumu- 
lating preffure  of  the  oxygen  gas  above  it. 

The  effedl  of  heat  on  nitric  acid  already 
faturated  with  nitrous  gas,  or  in  the  coloured 
fuming  (late,  and  uttconjined,  is  limply  to  ex- 
pell  the  nitrous  gas,  and  a portion  of  the' acid  in 
the  form  of  nitrous  vopour,  and  thus  to  leave 
the  acid  pure  and  colourlel's. 

The  more  concentrated  the  acid  is  the  great- 
er is  the  quantity  of  nitrous  gas  which  it  will 
abforb,  and  at  the  fame  time  the  eafier  will 
it  again  give  out  the  gas  when  heated. 

It  may  appear  contradictory  to  experience 
that  nitrous  gas,  which  in  its  natural  ftate  is  fo 
greedy  of  oxygen  and  unites  with  it  fo  readily, 
Ihould  appear  to  mix  with  it  in  combination 
with  vaporized  nitric  acid  without  contracting 
any  union  with  it.  It  is  by  no^  means  impro- 
bable however  that  this  is  only  during  the 
application  of  heat,  which  is  conftantly  obferv- 
ed  to  counteract  the  chemical  union  of  gafeous 
bodies,  and  befides,  the  prefence  of  the  acid 
vapour  may  operate  in  preventing  this  union, 
for  it  does  not  neceffarily  follow  that  the 
affinities  of  nitrous  gas  faturated  with  acid 
vapour  fhbuld  be  the  fame  as  fimple  nitrous  gas. 

The  union  of  nitrous  gas  with  nitric  acid  both 
diminifhes  its  fpecific  gravity  and  gives  it  a 
pi'odigious  tendency  to  volatilization,  and  as 
will  appear  from  fome  experiments  which  will 
be  prefently  mentioned,  this  acid  may  be  totally 
dilfipated  in  red  nitrous  fumes  when  the  quan- 
tity of  nitrous  gas  or  vapour  is  exceffive. 

The  compofition  of  nitrous  vapour  is  certain- 
ly various,  and  it  may  exift  with  an  excefs  either 
of  oxygen  or  of  azot  according  to  the  way  in 
which  it  is  procured,  and  by  this  Berthollet 
explains  feveral  apparent  contradictions  in  its 
phenomena. 

The  analyfis  of  nitrous  vapour  is  extremely 
difficult,  owing  to  the  impoflibility  of  confining 
it  unaltered  in  jars  by  any  known  fluid,  as  it 
aCts  powerfully  on  almoft  every  fluid  in  nature. 
Dr.  Prieftley  made  many  attempts  to  procure  it 
in  quantities  and  tolerably  uniform  in  its  com- 
pofition. He  found  it  produced  readily  by  the 
rapid  folution  of  bifmuth  in  nitric  acid,  but  the 
method  on  the  v hole  the  moft  convenient  was 
to  diflblve  lead  in  dilute  nitric  acid,  and  evapo- 
rate the  folution  to  compleat  drynefs.  This 
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left  a white  nitrat  of  lead,  which  when  put  Into 
a fmall  glafs  tube  or  retort  and  heated  ftrongly 
gave  a large  quantity  of  red  nitrous  vapour  in 
confiderable  purity.  This  fpecies  of  nitrous 
vapour  however  feems  to  differ  from  that  pro- 
duced by  the  fuper-faturation  of  nitrous  gas 
with  oxygen  confined  by  mercury,  and  from  that 
produced  by  heat  from  nitric  acid,  for  this 
from  the  nitrat  of  lead  abforbs  oxygen  from  the 
air  in  the  fame  way  as  common  nitrous  gas 
only  not  fo  rapidly.  It  is  with  this  nitrous 
vapour  that  Dr.  Prieftley  made  many  experi- 
ments on  its  abforption  by  different  bodies, 
fome  of  which  are  as  follows: 

Water  impregnated  with  this  vapour  was 
increafed  one  third  in  bulk,  and  in  this  ftate 
when  left  at  reft  was  conftantly  again  exhaling 
the  vapour  with  great  force  fo  that  it  could 
with  difficulty  be  kept  in  clofe-ftopped  phials. 
The  colour  was  bluifh  green.  On  pouring  a 
little  into  a glafs  and  blowing  away  from  the 
furface  the  red  vapour  iflTuing  out,  the  colour 
of  the  liquor  gradually  changed  to  pale  yellow 
like  common  nitrous  acid,  and  it  was  in  every 
refpeft  fimilar  to  this  acid.  The  acid  made  in 
this  way  is  alfo  purer  than  the  common  fpirit 
of  nitre,  as  it  contains  no  admixture  of  muriatic 
acid. 

Oils  abforb  this  vapour  readily  and  in  gene- 
ral are  ftiffened  and  coagulated,  as  will  be 
further  mentioned  under  the  article  Oil. 

Sulphuric  acid  abforbs  nitrous  vapour.  On 
putting  a little  of  the  acid  into  a phial  full  of 
the  vapour  and  flraking  it  for  a time,  the  red 
colour  of  the  air  difappeared  and  a vacuum  was 
formed  above  the  acid,  which  laft  became  of  a 
light  blue  colour  exhaling  a white  vapour.  On 
putting  fome  of  this  acid  into  a glafs  and  gently 
pouring  water  on  it  no  change  was  obferved 
at  firft,  but  on  ftirring  the  mixture  great  heat 
was  excited,  and  a vaft  quantity  of  red  vapour 
was  expelled  with  vehemence.  The  acid  after 
this  feemed  to  have  loft  all  that  it  had  before 
abforbed  and  to  be  merely  fulphurie  acid  diluted 
with  water.  When  concentrated  acid  is  fully 
faturated  with  nitrous  vapour  and  fuffered  to 
remain  at  reft  for  a time  it  cryftallizes,  as^will 
be  further  mentioned  under  the  article  Sulphuric 
acid. 

The  muriatic  acid  alfo  abforbs  the  nitrous 
vapour  and  in  confequence  alTumes  a deep 
orange  colour,  but  without  much  increafe  O'f 
bulk,  and  is  converted  into  a very  powerful 
nitro-miiriatic  acid  or  aqua  regia. 

Having  thus  given  a fliort  abftra<T  of  fome 
of  Dr.  Prieftley’s  moft  important  experiments 
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•n  nitrous  acid,  we  proceed  to  mention  others 
by  which  it  has  been  attempted  to  afcertain  the 
exadl  proportion  of  the  conftituent  parts  of  nitric 
acid  and  its  feveral  modifications. 

Chemifiry  is  indebted  to  Mr.  Cavendifh  for 
the  important  difcovery  of  the  true  nature  of 
nitric  acid;  this  eminent  philofopher  having 
compofed  the  acid  by  pafling  the  eleftric  fpark 
for  a vaft  number  of  times  through  a mixture 
of  azotic  and  oxygen  gafles,  and  thus  demon- 
flrated  that  azot  is  its  radical  or  bafis.® 

The  apparatus  employed  in  thefe  interefting 
experiments  confifted  of  a glafs  tube  bent  in 
the  form  of  the  letter  V,  which  after  being  filled 
with  quickfilver,  was  inverted  into  two  glafles 
of  the  fame  fluid.  The  air  to  be  tried  was 
then  introduced  into  one  of  the  legs  of  the  tube, 
'and  in  the  other  were  thrown  up  tell  liquors,  or 
other  fluids  as  required.  A communication 
was  then  made  with  a powerful  ele£tric  ma- 
chine, fo  as  to  take  fparks  fuccelfively  through 
the  air  in  the  tube.  Common  air  alone  was 
firfl  tried  (which  confiflis  of  about  77  per  cent. 
of  azot  and  23  of  oxygen)  and  litmus  liquor 
was  introduced  in  contact  with  it  up  the  other 
leg  of  the  tube.  On  pafling  the  fpark  through 
it  repeatedly  the  litmus  liquor  acquired  a red 
colour,  and  the  air  was  diminiflied.  When 
lime-water  was  introduced  inftead  of  the  litmus, 
not  the  leaft  turbidnefs  was  perceived,  though 
tjie  air  went  on  diminifliing  to  two-thirds  of  its 
criginal  bulk.  A mixture  of  azotic  and  oxygen 
gafles  was  then  tried,  and  the  lime-water  as 
before  remained  clear,  but  on  adding  ammonia 
a brown  fediment  appeared.  This  confifted  of 
carbonat  of  lime  mixed  with  a little  mercury, 
which  the  ele£lric  fpark  had  oxydated,  and 
hence  both  the  lime  and  the  mercury  muft  have 
been  cUflTolved  in  the  water  of  the  lime-water, 
by  fome  acid,  which  acid  was  afterwards  proved 
to  be  the  nitric. 

Mr.  Cavendifh  afterwards  found  that  the 
produftion  of  nitric  acid  from  thefe  two  airs, 
was  much  haftened  by  eledlrizing  them  in 
contaft  with  a fubftance  for  which  the  acid 
when  formed  has  a great  affinity,  and  accord- 
ingly foap-lees  or  cauftic  potaflr  was  ufed. 

One  leg  of  the  tube  being  filled  with  a mixture 
of  azot  and  oxygen,  and  the  other  with  the 
alkaline  folution,  fparks  were  taken  through  the 
air  for  a great  number  of  times,  after  which 
the  alkaline  liquor  was  found  compleatly  fatu- 
rated  with  acid,  and  on  being  evaporated  to 
drynefs  a fmall  quantity  of  a fait  was  left,  which 
■was  evidently  nitre.  In  feveral  experiments 
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however  when  the  ele£l:rizatIon  was  continued 
fo  long  that  the  acid  produced  was  more  than 
fufficient  to  faturate  the  alkali,  the  excefs  of 
acid  diflblved  a little  of  the  mercury  by 
which  it  was  confined,  and  nitrat  of  mercury 
was  alfo  found  mixed  with  the  nitrat  of  potafli. 
The  particular  tefts  by  which  the  prefence  of 
nitrat  of  potafh  and  nitrat  of  mercury  were 
detebfed  need  not  be  here  related ; it  is  fuffi- 
cient  to  obferve  that  they  were  perfe(flly  fatis- 
fablory. 

From  thefe  moft  valuable  and  fundamental 
experiments  it  is  proved,  that  nitric  acid  confifts 
of  azot  of  oxygen  in  certain  proportions,  and 
that  the  elediric  fpark  is  capable  of  making  them 
unite  in  that  form  and  proportion  which  is 
neceflTary  to  conftitute  this  acid,  whatever  be 
the  a£tual  proportions  of  thefe  gafles  in  contaft 
with  the  electric  fpark.  Hence  too  we  find 
that  nitric  acid  is  always  generated  whenever 
the  eledftric  fpark  is  taken  in  the  open  air. 

The  procefs  as  given  by  Mr.  Cavendifh  is 
extremely  laborious,  and  requires  great  perfeve- 
rancc,  as  even  with  a powerful  machine,  and 
continuing  the  eledfrization  for  feveral  days, 
only  a very  few  grains  of  nitre  are  produced  in 
the  potafli  folution. 

Mr.  Henry  ^ has  given  the  following  vpry 
accurate  diredfions  for  performing  this  experi- 
ment : let  a ftraight  tube  prepared  for  eledlrical 
purpofes,  be  filled  with  and  inverted. over  mer- 
cury. Pafs  into  it  a portion  of  common  air, 
or,  in  preference,  a mixture  of  azotic  gas  with 
twice  its  weight  of  oxygen.  Let  an  iron  wire 
lengthened  out  with  one  of  platina,  be  intro- 
duced within  the  tube,  fo  that  only  the  latter 
metal  may  be  in  contact  with  the  mixed  gafles, 
and  let  the  end  of  this  wire  be  diftant  t of  an 
inch  from  the  extremity  of  the  upper  one. 
Then  pafs  a feries  of  eledtric  fhocks  through 
the  gafles  for  feveral  hours.  The  mixture  will 
gradually  lelTen  in  bulk,  will  redden  litmus 
introduced  within  it,  will  give  the  fmell  of 
nitrous  acid,  and  will  neutralize  a few  drops 
of  potafli,  and  produce  nitre. 

On  account  however  of  the  difficulty  of  pro- 
curing any  tolerable  quantity  of  nitric  acid  in 
this  way,  the  proportion  of  its  ingredients  can- 
not be  inferred  with  much  accuracy.  Mr. 
Cavendiffi  did  not  find  any  very  fatisfadfory 
agreement  in  the  adlual  quantities  of  the  gafles 
abforbed  in  the  different  experiments,  but  on 
the  whole  it  appears  from  them,  that  fomewhat 
more  than  twice  as  much  pure  oxygen  as  azot 
conftitutes  nitric  acid. 
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A very  Interefting  faft  relating  to  the  pro- 
duftion  of  nitrous  acid  from  ammonia  and  a me- 
tallic oxyd  was  difcovered  in  1789  by  the  Rev. 
ifaac  Milner,  e The  production  of  ammonia 
from  nitrous  acid  and  iron  in  fome  circum- 
ftances,  had  been  before  difcovered  by  Dr. 
Prieftley,  which  led  Mr.  M.  to  endeavour  to 
reverfe  the  experiment,  and  produce  nitrous  acid 
by  the  decompofition  of  ammonia  by  means  of  a 
metallic  oxyd,  when  in  the  a£t  of  giving  out 
oxygen.  It  was  made  in  the  following  manner  : 
the  middle  part  of  a clean  gun-barrel  was  filled 
with  black  oxyd  of  manganefe,  rammed  in  gently 
and  in  coarfe  powder,  fo  as  to  admit  the  paflage 
of  vapour  through.  The  barrel  was  then  made 
red-hot  in  the  middle,  and  at  one  end  was  luted 
a fmall  retort  filled  with  cauftic  ammonia, 
which  was  made  to  boil  by  a lamp  heat,  and  the 
ammoniacal  vapour  was  thus  forced  through 
the  red-hot  manganefe.  Nitrous  fumes  foon 
began  to  appear  at  the  other  and  open  end  of 
the  gun-barrel,  and  a confiderable  quantity  of 
air  v/as  collefded  which  was  clearly  nitrous. 
Owing  to  the  impolfibility  of  exaCUy  adapting 
tlie  quantity  of  alkaline  vapour  to  the  oxygen 
which  the  manganefe  is  giving  out,  there  will 
be  always  found  a great  variety  in  the  gafeous 
products,  but  nitrous  gas  is  always  given  out 
and  generally  with  the  ufual  appearance  and 
fmell  of  the  red  nitrous  vapour  when  it  comes 
in  contact  with  the  air.  Sometimes  however 
when  much  ammonia  is  paffing  through  the 
barrel  and  but  little  oxygen  giving  out,  the 
product  is  a mixture  of  nitrous  gas  with  am- 
monia, and  on  coming  in  contaCt  with  air  the 
nitrous  gas  becomes  for  an  inftant  red  by 
changing  into  nitrous  vapour,  after  which  it 
unites  chemically  with  the  alkali,  and  the 
receiver  is  filled  with  white  clouds  of  nitrated 
ammonia. 

In  this  interefting  experiment  the  ammonia 
Is  refolved  into  its  elements,  azot,  and  hydro- 
gen, and  the  azot  uniting  with  the  oxygen  of 
the  manganefe  forms  nitrous  gas  or  nitrous 
vapour,  according  to  the  degi'ee  of  faturation. 

Nitric  acid  when  in  vapour  is  decompofed  by 
a red  heat,  and  the  produCfs  are  very  pure  oxy- 
gen gas,  nitrous  gas,  or  nitrous  vapour,  or  if 
the  decompofition  be  compleat,  azotic  gas. 
To  give  the  vapour  of  boiling  nitric  acid  a red 
heat,  Dr.  Prieftley  adopted  his  own  ingenious 
method,  of  heating  red-hct  the  middle  of  a 
glazed  earthen  tube,  loofely  filled  alfo  with 
fragments  of  hard  pottery  to  increafe  the  red- 
hot  furface,  and  paffing  through  it  die  boiling 


vapour  expelled  from  a quantity  of  pale  nitric 
acid  heated  by  a lamp  at  the  other  end.  In 
this  way  the  produCts  were  a large  quantity  of 
the  pureft  oxygen  gas  and  abundance  of  nitrous 
gas,  nitrous  vapour,  and  fome  undecompofed 
acid. 

Many  other  feries  of  experiments  have  been 
made  by  Ikilful  chemifts,  to  afeertain  the  exaCl 
proportion  of  the  conftituent  parts  In  nitric  acid 
and  its  varieties.  As  our  limits  will  not  allow 
us  to  relate  them  all,  we  fhall  conclude  this 
part  of  the  fubjeCt  with  thofe  of  Mr.  Davy, 
which  yield  to  none  in  accuracy,  and  are  gene- 
rally allowed  by  chemifts  to  form  as  near  ap- 
proximations to  truth,  as  can  be  expended  in 
this  peculiarly  difficult  and  delicate  part  of 
chemical  analyfis. 

The  methods  ufed  to  eftimate  feparately  the 
conftituents  of  nitric  acid,  have  been  the  follow- 
ing ; \Jl.  By  the  decompofition  of  pure  nitre 
either  by  heat  alone  or  by  charcoal  or  fome  other 
combuftible.  But  this  procefs  is  attended  with 
almoft  infuperable  difficulties ; a great  variety 
of  produdds  are  formed  in  this  way,  all  of  which 
would  require  a feparate  analyfis  with  an  infi- 
nite number  of  precautions  and  neceflary  cor- 
reddions,  and  a portion  of  the  acid  is  volatilized 
without  decompofition.  'idly.  By  the  immediate 
combination  of  oxygen  and  azot,  in  Mr.  Caven- 
difh’s  method.  But  this  though  fnnpler  than  the 
former,  is  nearly  impraddicable  on  account  of 
the  extreme  laborioufnefs  of  the  procefs  and  the 
very  fmall  quantity  of  acid  produdd  ; and  ac- 
cordingly we  find  no  Efficiently  fatisfadlory 
agreement  even  in  the  careful  experiments  of 
the  difeoverer.  "^dly.  By  the  combination  of 
nitrous  gas  and  oxygen,  as  in  the  common  eu- 
dlometrical  trials,  and  the  fubfequent  abforption 
of  the  generated  acid  by  a given  quantity  of 
water.  But  Mr.  Davy  found  that  the  refiduary 
azot,  which  is  always  mixed  with  the  pureft  ni- 
trous gas  and  oxygen,  in  whatever  way  obtained, 
carries  with  it  a variable  quantity  of  nitrous 
acid  vapour,  of  different  compofition  from  the 
acid  abforbed,  and  thus  renders  the  experiment 
inaccurate.  The  method  Mr.  Davy  adopted 
was,  to  exhauft  a glafs  globe  of  its  common 
air,  then  to  throw  in  a given  quantity  of  nitrou* 
gas,  and  after  it  oxygen  gas  fomewhat  more 
than  fufficient  to  faturate  it,  then  to  add  water  to 
abforb  the  nitric  acid  formed  ( and  which  before 
the  addition  of  the  water  remained  in  the  ftatc 
of  permanent  vapour) ; then  to  allow  common 
air  to  enter  to  take  the  place  of  the  condenfed 
ijitrous  acid  vapour  j then  to  add  ammonia  to. 
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abforb  the  acid  which  the  water  would  not  con- 
denfe,  and  thus  by  fubfequent  calculations 
founded  on  the  fpecific  gravity  of  the  gaffes 
ufed  and  the  acid  produ£t,  to  find  a Jiattdard  acid, 
the  compofition  of  which  fhould  be  accurately 
known.  It  will  not  be  uninterefting  to  give 
in  a general  way  the  particulars  of  the  ftandard 
experiment,  to  fhew  more  clearly  the  manner 
of  effecting  it,  and  alfo  the  numerous  data  and 
calculations  required  to  come  at  the  refult. 

The  firft  ftep  was  to  afcertain  by  adtual  ex- 
periment the  fpecific  gravity  of  all  the  gaffes 
to  be  employed.  The  nitrous  gas  was  procured 
from  a folution  of  mercury  in  nitrous  acid,  and 
its  purity  tried  by  agitating  a fmall  portion  with 
a folution  of  fulphat  of  iron,  by  which  the  whole 
of  the  nitrous  gas  was  abforbed,  and  nearly  all 
the  azot  mixed  with  it  was  left:  loo  cubic 
inches  of  pure  nitrous  gas  were  found  to  weigh 
34.3  grains  at  56°  therm,  and  30.9  bar.  The 
ox\gen  gas  w'as  obtained  from  oxyd  of  manga - 
nefe  by  fulphuric  acid,  and  its  purity  tried  by 
nitrous  gas  and  fulphat  of  iron.  Hence  100 
cubic  inches  of  pure  oxygen  gas  at  the  above 
heat  and  preffure,  were  found  to  weigh  35.09 
grains.  The  azotic  gas  was  obtained  from  the 
refidue  of  common  air  after  the  oxygen  had 
been  abforbed,  and  too  cubic  inches  w'eighed 
30.43  grains.  LafUy  the  atmofpherical ' air  of 
the  laboratory  was  analyfed,  and  too  cubic 
indies  of  it  weighed  31.9  grains.  The  experi- 
ment was  then  conduced  in  the  following 
manner. 

A glafs  balloon  with  a flop-cock,  of  the  capa- 
city of  148  cubic  inches,  was  taken  for  the 
purpofe  of  combining  the  gaffes.  The  whole 
w'eight  when  full  of  common  air  was  2066,5 
grs.  It  was  then  partially  exhaufled  by  the  air 
pump,  till  it  loft  32  grains,  fo  that  15  grains  of 
air  remained  in  it.  After  this  82  cubic  inches 
of  nitrous  gas  were  thrown  in,  which  made  the 
outfide  of  the  balloon  fenfibly  hot,  and  produced 
an  orange  coloured  vapour  witliin.  Some  com- 
mon air  then  entered  accidentally,  the  weight 
of  which  was  noted.  Then  70  cubic  inches  of 
tixygen  gas  were  Introduced,  whereby  the  heat 
was  increafed  and  the  colour  changed  to  a very 
dark  orange.  To  abforb  the  nitrous  acid 
formed,  41  grains  of  water  were  introduced, 
by  which  the  dark  orange  colour  rapidly  dirni- 
nifhed  and  foon  difappeared.  To  afcertain  the 
quantity  of  vapour  condenfed  by  the  water, 
the  vacuum  produced  thereby  was  filled  with 
common  air,  of  which  51  cubic  inches,  or  16.5 
grains,  rufhed  in.  The  acid  liquor  in  the  globe 
(produced  by  the  water  and  the  acid  vapour 


which  It  had  condenfed)  was  then  examined, 
and  was  found  flightly  green,  and  of  1.301 
fpecific  gravity. 

To  find  whether  any  unabforbed  nitric  acid 
remained  in  the  veffel,  1 3 grains  of  liquid  am- 
monia were  added,  which  produced  a white 
cloud  wdth  the  remaining  acid  vapour,  after 
w^hich  all  the  refidual  gaffes  were  difplaced  by 
common  air.  The  balloon  was  weighed  after 
every  procefs.  By  calculations  from  the  above 
experiment  it  was  found  that  57  cubic  inches  of 
acid  gas  were  formed,  weighing  40.56  grains  ; 
this  was  compofed  of  27.6  grains,  or  80.5 
cubic  inches  of  azot,  and  12.96  grains,  or 
36.9  cubic  inches  of  oxygen,  which,  condenfed 
by  41  grains  of  water,  produced  an  acid  of 
1. 30 1 fpecific  gravity.  Therefore,  reducing 
the  whole  to  centenary  proportion,  100  cubic 
inches  of  aeriform  nitrous  acid  (or  nitrous  gas 
faturated  with  oxygen  and  excluded  from  the 
contaft  of  water  or  any  other  fubftance  that 
could  a£l  upon  or  abforb  it)  at  temperature 
55°  and  30.1  bar.  weigh  75.17  grains. 

Secondly:  100  grs.  of  this  gaffeous  acid  are 
compofed  of  68.06  nitrous  gas  and  31.94  oxy- 
gen ; or  (affuming  that  100  parts  of  nitrous  gas 
confift  of  55.95  oxygen  and  44.05  azot,  as  will 
be  mentioned  under  the  article  7iitrous  gas)  of 
about  30  azot  and  70  oxygen. 

Thirdly,  100  grs.  of  a pale  green  folution 
of  this  acid  in  water,  of  1.301  fp.  gr.  are 
compofed  of  50,62  water  and  49.38  acid. 

A ftandard  acid  of  known  compofition  was 
thus  obtained,  but  it  was  dilute,  and  many  of 
the  fubfequent  experiments  were  to  be  per- 
formed on  the  concentrated  acid.  But  as  there 
is  no  known  method  of  concentrating  a dilute 
acid  without  partial  decompofition,  Mr.  D.  was 
obliged  to  make  a dilute  acid  compofed  of  a 
given  quantity  of  the  ftrongeft  yellow  acid  of 
1.5  fp,  gr.  and  water,  which  ftiould  as  nearly 
as  poffible  refemble  in  weight  and  colour  the 
ftandard  acid  produced  by  the  union  of  the 
gaffes.  This  after  many  trials  in  a fmall  gra- 
duated glafs  tube  was  found  to  be  effe£led  by 
combining  at  40°  therm.  90  grs.  of  the  yellow 
acid  of  1.5.  fp.  gr,  with  77.5  grs.  of  w'ater, 
and  hence  the  compofitibn  of  the  above  yellow 
acid  was  inferred  to  be,  in  100  grs,  91.9  of  true 
nitrous  acid  (or  fuch  as  exifts  in  the  aeriform 
ftate  faturated  with  oxygen)  and  8.1  grs.  of 
w’^ater,  fuppofing  the  relative  quantities  of  oxy- 
gen and  azot  to  be  the  fame  in  each. 

But  on  the  other  hand  the  acid  of  1.5  here 
ufed  was  the  yellow  or  nitrous  acid,  and  it  be- 
came a further  queftion  to  afcertain  the  precife 
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difference  between  this  and  tbe  pah  nitric  acid 
of  the  fame  fpecific  gravity.  This  was  attempted 
by  heating  the  yellow  acid,  which,  as  already 
mentioned  in  this  article,  drives  the  fuperabun- 
dant  nitrous  gas  out  of  the  acid  and  leaves  it 
pale  and  colourlefs.  One  hundred  and  fifty 
grains  of  the  yellow  acid  of  1.5.  fp.  gr.  were 
put  in  a fmall  matrafs  with  a curved  tube,  and 
on  the  firft  application  of  heat  the  colour 
changed  to  a deep  red.  In  a fhort  time  a red 
vapour  appeared  in  the  tube  and  was  conveyed 
into  a noted  weight  of  water  by  which  it  was 
abforbed,  giving  the  water  a bright  green  co- 
lour. By  continuing  the  heat  the  acid  became 
pale,  and  when  cold  was  weighed  and  had  loft 
15  grs.  but  its  fpecific  gravity  was  lejjened  to 
1. 49 1 and  2I  cubic  inches  of  nitrous  gas  were 
collected  that  had  palTed  through  the  water,  un- 
abforbed.  This  experiment  however  was  found 
inconclufive,  fince  the  nitrous  gas  expelled  from 
the  yellow  acid  in  the  procefs  of  its  converfion 
to  the  pale,  had  carried  off  with  it  in  the  form 
of  nitrous  vapour  a portion  of  acid  diflblved  in 
the  gas.  It  was  neceffary  therefore  to  refort  to 
the  fynthetical  method,  or  that  of  impregnating 
a given  portion  of  the  pale  acid  with  nitrous 
gas.  In  a proper  apparatus  90  grs.  of  the  pale 
acid  of  1.504  were  introduced  and  nitrous  gas 
was  thrown  up,  whereby  the  acid  became  warm 
and  the  colour  changed  firft  to  a pale  ftraw, 
and  as  more  of  the  gas  was  abforbed,  to  a 
bright  yellow.  By  this  8 cubic  inches  of  nitrous 
gas  were  abforbed,  the  acid  gained  3 grs.  in 
weight,  and  the  fpecific  gravity  was  diminiftied 
to  1.5.  Thefe  data  were  affumed  as  the  means 
of  comparing  the  relative  compofition  of  the 
pale  and  the  yellow  acid,  both  of  1.5  fp.  gr. 


The  power  of  abforbing  nitrous  gas  and  the 
change  produced  thereby  on  the  acid  was  car- 
ried ftill  further,  and  the  fame  yellow  acid  of  1.5 
when  returned  into  the  apparatus  became  gra- 
dually, as  the  gas  paffed  into  it,  dark  orange, 
light  olive,  dark  olive,  then  of  a muddy  green, 
and  laftly  a blue  green.  This  was  the  utmoft 
change  that  the  acid  could  afl'ume,  after  which 
the  nitrous  acid  appeared  to  pafs  through  the 
acid  unaltered.  The  increafe  of  weight  was 
only  I grain  and  the  fpecific  gravity  of  the  acid 
was  now  only  1.474.  On  account  however  of 
the  large  quantity  of  nitrous  gas  which  pafl'ed 
through  unabforbed,  and  the  acid  which  was 
volatilized  along  with  it,  no  accurate  dedu£Hons 
could  be  drawn  from  the  experiment,  except 
the  great  and  fucceflive  changes  of  colour  and 
the  great  diminution  of  fpecific  gravity.  A 
quantity  of  this  blue  green  acid  faturated  with 
nitrous  gas  was  then  put  into  a fmall  glafs  ap- 
paratus and  flowly  heated,  when  the  nitrous 
gas  was  again  given  out  with  rapidity  and  the 
acid  paffed  back  through  the  fucceflive  colours 
of  green,  olive,  red,  and  orange,  to  a perfefifly 
colourlefs  ftate,  and  when  cold  its  fpecific 
gravity  was  then  increafed  from  1.474  to  1.502. 
The  quantity  of  blue  green  acid  ufed  was  94.25 
grs.  and  it  had  loft  31  grs.  in  paffing  to  the 
colourlefs  ftate.  The  inferences  from  thefe 
and  many  other  experiments  (which  from  their 
complicated  nature,  and  the  numerous  correc- 
tions required,  on  account  of  the  folubllity  of 
nitric  acid  in  nitrous  gas  are  only  given  as  ap- 
proximations to  the  truth)  and  the  relative  pro- 
portion of  ingredients  in  the  different  varieties 
are  given  by  Mr.  Davjl  in  the  following  tabular 
form. 


100  parts 

Sp.  Gr. 

Nitric 

Acid. 

Water. 

Nitrous 

Gas. 

Pale  nitric  acid  - - - 

1.504 

r -> 

91-55 

8.45 

0. 

Yellow  nitrous  - - - 

1.502 

90.5 

8-3 

12 

Bright  yellow  - - - - 

1-5 

0 

88.94 

8.1 

2.96 

Dark  orange  - - - - 

1.480 

< 

c 

86.84 

7.6 

5.56 

Light  olive  ----- 

1.479 

5 

2 

G 

r 

86. 

7-55 

6.45 

Dark  olive  ----- 

1.478 

0 

U 

85.4 

7-5 

7-1 

Bright  green  - - - - 

1.476 

84.8 

7-44  , 

7.76 

Blue  green  ----- 

1-475 

. J 

84.6 

7-4 

8. 

In  a fecond  table  the  refpeblive  quantities  of  longs  to  the  acid,  and  not  to  the  water  with 
oxygen  and  azot  in  different  varieties  of  the  which  it  is  neceffarily  combined  to  give  it  a 
acids  are  thus  given,  but  it  muft  be  obferved  liquid  form, 
lhat  the  oxygen  fpecified  is  only  that  which  be- 
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100  parts 

Azot. 

Oxygen. 

Azot 

Oxygen. 

Pale  nitric  acid  - - 

Bright  yellow  acid 
Orange  coloured  - - 

Dark  green  - - - - 

^ CJ 

29.50 

29.90 

30-37 

30.92 

70.50 
70. 10 
69.62 
69.08 

or,  in  the 
proportion 
of 

I 

I 

I' 

Tt 

2.389 

2.344 

2.292 

2.230 

TJie  quantities  of  true  nitric  acid  (or  that 
produced  in  the  aeriform  ftate  by  faturating 
nitrous  gas  with  oxygen)  in  folutions  of  differ- 
>tfnt  denfities  is  thus  given,  being  inferred  from 
mixtures  of  the  Itandard  liquid  acid  with  known 
weights  of  water. 


100  parts  of 
Nitric  Acid 
of  fp.  gr. 

True 

Acid. 

Water. 

1.5040 

1 

91-55 

8.45 

I. 4475 

80.39 

19.61 

1.4285 

71.65 

28.35 

1.3906 

.S 

62.96 

37-04 

1-3551 

56.88 

43-12 

1.3186 

52>o3 

47-97 

1.3042 

49.04 

50.96 

1.2831 

46.03 

53-97 

1.2090 

L 

45-27 

54-73 

The  dilute  nitric  acids  undergo  fimilar 
changes  by  nitrous  gas  as  the  concentrated,  but 
the  quantity  of  gas  wlrich  the  acid  is  capable 
of  abforbing  diminiflies  in  proportion  to  the 
degree  of  dilution,  Mr.  D.  found  that  330 
grs.  of  acid  of  1.36  fp,  gr.  became  blue  green 
after  50  cubic  inches  of  gas  had  been  palTed 
through  it,  and  the  fpecilic  gravity  was  lelTened 
to  I-35I.  It  had  gained  in  weight  but  3 grains 
and  when  heated  only  7 cubic  inches  of  nitrous 
gas  were  collefted. 

There  is  a difficulty  in  accounting  for  all  the 
changes  of  fpecific  gravity  in  the  experiments 
above  mentioned.  Nitric  acid  undoubtedly 
lofes  fpecific  gravity  by  abforbing  nitrous  gas, 
and  by  a direci  experiment  a pale  acid  of  1.504 
was  reduced  to  .1.474  by  compleat  faturation 
with  the  gas.  And  on  the  other  hand  the  fame 
acid  of  1.474  after 'being  heated  and  brought  to 
the  ftate  of  the  pale  nitric  returned  to  the 
fpecific  gravity  of  1.502  or  nearly  to  its  original 
\>  eight.  But  on  the  other  hand  the  yellow  acid 
df  1.5  lojl  fpecific  gravity  by  lofing  nitrous  gas 
and  was  reduced  to  1.491.  Probably  this 
apparent  contradicHon  depends  upon  the  vari- 
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able  quantity  of  nitric  acid  united  with  the 
nitrous  gas  in  the  form  of  nitrous  vapour,  in 
which  it  always  exifts  when  expelled  from  the 
coloured  acids. 

Mr.  Kirwan  in  his  excellent  experiments  on 
the  ftrength  of  acids  purfues  the  following 
method  in  eftimating  the  quantity  of  real  acid 
in  folutions  of  nitric  acid  of  different  denfities. 

The  fpecific  gravity  of  the  moft  concentrated 
nitrous  acid  which  he  could  produce  was  1.5543 
in  the  temperature  of  60°.  This  was  highly 
fuming  and  yellow,  and  therefore  confifted  of 
nitric  acid  holding  nitrous  gas  in  folution. 
This  laft  circumftance  however  is  negledfed. 
He  confiders  this  as  the Jlatidard acid;  and  by  cal- 
culations which  will  be  given  in  the  appendix 
he  deduces  the  proportions  of  ftandard  in  100 
parts  of  diluter  acids  whofe  fpecific  gravity  is 
given.  Thus  for  example,  100  parts  of  an  acid 
of  1.473 1 found  by  calculation  to 

contain  90  parts  of  the  ftandard  acid  of  1.5543 
and  ro  parts  of  water.  But  the  ftandard  itfelf 
is  a mixture  of  water  with  an  unknown  quantity 
of  real  acid,  and  to  determine  this  quantity  Mr. 
Kirwan  purfues  the  following  method  which  is 
applied  [miitatis  mutandis)  to  the  other  acids. ' 
Firft,  a known  quantity  of  alkali  is  faturated 
with  an  acid  whofe  fpecific  gravity  is  known, 
and  whofe  proportion  of  ftandard  acid  is  deter- 
mined by  previous  calculation.  Then  another 
folution  is  made  of  a known  quantity  of  the 
fame  neutral  fait  as  that  produced  by  the  union 
of  the  acid  and  alkali  employed,  and  both  folu- 
tions are  brought  to  the  fame  fpecific  gravity  by 
adding  water  to  the  heavieft.  This  gives  two 
■ folutions  which  may  be  prefum.ed  to  hold  equal 
quantities  of  neutral  fait,  and  the  quantity  of 
ready-formed  fait  in  one  of  the  folutions  is 
known  by  aftual  experiment,  and  the  quantity 
of  alkali  and  ftandard  acid  required  to  make 
this  quantity  of  neutral  fait  in  the  other  folution 
is  alfo  known  by  experiment.  From  thefe  data 
the  quantity  of  real  acid  in  the  ftandard  may 
be  readily  inferred,  underftanding  by  the  term 
real  acid  an  acid  of  the  degree  of  concentration 
that  exifts  in  the  dry  neutral  fait  combined  with 
the  alkali.  An  exainple  will  reader  this  clearer 
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fo  the  reader.  A -quantity  of  concentrated  foda 
was  heated  to  rednefs  in  a filver  crucible  where- 
by all  the  water  of  cryftallization  was  expelled, 
and  it  was  then  diflblved  in  fuch  a quantity  of 
water  that  367  grs.  of  the  folution  contained 

50.05  of  the  dry  alkali.  This  quantity  was 
then  faturated  with  147  grs.  of  nitric  acid  of 
1.2754  fp.  gr.  and  which  contained  45.7  per 
cent,  or  66.7  of  the  ftandard  acid  of  1.5543  fp. 
gr.  The  carbonic  acid  loft  by  the  folution  was 
14  grs.  fo  that  the  quantity  of  foda  alone  in  it 
VMS  50.05 — 14,  or  36.05  grs.  The  folution 
was  then  lowered  by  water  to  1.0401  fp.  fgr. 
which  was  found  by  a feparate  experiment  to  be 
the  degree  of  denfity  of  water  containing 

of  its  weight  of  dry  nitrated  foda.  The  firft 
folution  weighed  1439  grs.  and  hence  it  muft 
have  contained  142  grs.  of  nitrated 

foda.  The  quantity  of  foda  employed  was 

36.05  grs.  and  the  quantity  of  ftandard  acid 
was  66.7  and  the  fum  of  thefe  is  102.75.  But 
of  this  quantity  only  85.142  entered  into  the 
combination  of  the  fait  and  therefore  the  diffe- 
rence between  85.142  and  102.75,  or  17.608, 
muft  have  been  the  mere  watery  part  contained 
in  the  66.7  grs.  of  the  ftandard  acid.  Therefore 
100  of  the  ftandard  acid  contain  26.38  of  water 
and  73.62  of  real  acid  or  fuch  as  exifts  in  com- 
bination in  dry  nitrat  of  foda:  and  100  parts  of 
this  fait  contain  42.35  of  alkali  and  57.65  of 
real  acid,  which  is  equivalent  to  78.33  of  the 
ftandard. 

In  thefe  experiments  on  nitric  acid  it  becomes 
a queftion  to  determine  how  far  changes  of 
temperature  affeft  the  fpecific  gravity..  Mr. 
Kirwan  found  that  the-  ftrongeft  acid  was  the 
moft  expanded  b-y  heat  and  contracted  by  cold. 
From  the  refult  of  many  experiments  he  finds 
that  on  an  average  the  variation  of  fpecific 
gravity  for  every  fingle  degree  between  60°  and- 
70°  in  an  acid  whofe  denfity  at  60°  is  from 
1.3  to  1 .4  is  .0005  and  for  the  variation  between 
44°  and  60°  is  .0004.  An  acid  of  1.263  fp. 
gr.  at  60“  gains  lofes  for  every  degree  between 
6o°  and  70°  .00043,  and  for  every  degree  be- 
tween 60  and  45°  the  variation  is  .00036. 

The  affinities  of  nitric  acid  for  the  alkalies 
and  earths  are  in  the  following  order,  barytes, 
potafh,  foda,  ftrontian,  lime,  magnefia,  ammo- 
nia, glycine,  alumine,  zircon. 

The  combinations  of  the  nitric  acid  with  alka- 
line earthy  and  metallic  bafes,  are  called  Nitrat.s, 
and  will  be  deferibed  in  their  proper  place. 

The  fame  theory  that  fuppofed  the  fuperior 
degree  of  oxygenation  of  the  pale  nitric  over 
Ae  coloured  nitrous  acid,  has  given  the  term 


nitrites  to  the  falts  of  the  latter  acid.  But  thie 
is  founded  on  an  erroneous  idea  of  the  diffe- 
rence betv/een  the  two  acids,  and  of  the  whole 
imagined  genus  of  nitrites,  the  nitrite  of  potalh 
alone  has  been  ever  produced,  and  this  not  by 
the  direct  combination  of  the  nitrous  acid  and 
potaflr  but  by  the  partial  decompofition  of 
common  nitre.  Its  properties  will  be  mention- 
ed under  the  article  nitrite. 

NITRO-MURIATIC  ACID.  Aqua  Regia. 
Konig’ivajfer.  Germ . 

The  term  nitro-muriatic  acid  is  not  meant  to 
defignate  any  particular  acid  or  modification  of 
acid  but  fimply  a mixture  of  nitric  or  nitrous 
and  muriatic  acid,  or  fometlmes  muriat  of 
ammonia,  which  when  united  produce  a very 
important  agent  in  many  chemical  operations. 
It  is  particularly  as  a folvent  for  gold  that  this 
combination  (w'hich  is  very  ancient)  has  been 
knovm,  and  hence  it  was  termed  by  the  al- 
chemifts  aqua  regia,  (gold  being  with  them  the 
king  of  metals)  and  is  nearly  the  only  fubftance 
that  can  diffolve  this  noble  metal.  The  com- 
pofition  of  the  aqua  regia  fitted  to  diffolve  gold 
has  been  deferibed  under  that  metal.  Platini 
alfo,  like  gold,  is  infoluble  in  either  of  thefe 
acids  fingly,  but  yields  to  a mixture  of  the  two, 
but  in  different  proportions.  Antimony  alfo  is 
fcarcely  foluble  in  any  acid  but  the  nitro-muria- 
tic, and  the  compofition  of  the  mixture  the  beft 
fitted  for  this  purpofe  is  Hill  different  from  the 
others. 

Berthollet  in  his  excellent  and  profound  effay 
on  chemical  ftatics  has  feme  good  obfervations 
on  this  acid.  When  pale  nitric  and  muriatic 
acid  are  mixed,  an  effervefcence  quickly  takes 
place,  the  liquid  becomes  of  a high  amber- red 
colour,  and  a very  pungent  vapour  is  extricated, 
obvioufly  fmelling  very  different  from  the  va- 
pour of  the  nitrous  or  muriatic  acid  fmgly,  but 
ciofely  refembling  the  oxymuriatic  acid  gas, 
which  is  the  a£l;ual  vapour  given  oft'.  This  is 
formed  by  a partial  decompofition  of  a portion  of 
nitric  acid  which  furrenders  part  of  its  oxygen  to- 
the  muriatic  acid  gas,  whilft  the  remainder  is 
nitrous  gas,  which  diffolving  in  the  acid  gives 
the  high  colour,  and  may  be  driven  off  by 
faturating  the  acid  with  an  alkali  or  earth. 
The  above  decompofition  of  nitrous  acid,  and 
evolution  of  oxymuriatic  acid  ceafes  when  the 
mixed  acid  is  faturated  with  the  nitrous  gas,  and 
hence  the  fuming  nitrous  acid  which  already 
contains-  much  nitrous  gas,  gives  lefs  oxymu- 
riatic vapour  than  the  pale  acid.  If  nitrous  gas 
be  mixed  with  oxymuriatic  acid  gas  over  mer- 
cury or  over  very  little  water,  the  nitrous  gas 
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takes  the  excefs  of  oxygen  from  the  oxymuria- 
tic,  and  vaporized  nitrous  ^cid  fucceeds,  but  if 
fufficient  water  be  prefent,  this  acid  vapour, 
together  with  the  muriatic  gas  feparated  from 
the  oxymuriatic,  is  abforbed  by  the  water',  and 
liquid  nitro-muriatic  acid  is  produced. 

Dr.  Prieftley^  has  found  that  a very  powerful 
aqua  regia  which  diflblves  gold  with  great 
rapidity  may  be  formed  by  impregnating  liquid 
muriatic  acid  with  the  nitrous  acid  vapour 
(deferibed  in  the  laft  article).  The  proportion 
of  conftituent  parts  here  widely  differs  from  thofe 
of  the  common  aqua  regia  for  gold,  which  laft 
is  ufually  made  by  three  fourths  of  nitric  and 
one  fourth  of  muriatic  acid;  whereas  in  making 
the  other  acid  the  liquid  muriatic  acid  hardly 
increafes  in  bulk  by  faturation  with  the  nitrous 
vapour.  Dr.  P.  alfo  tried  to  form  a nitro- 
muriatic  acid  that  would  difl'olve  gold  by  im- 
pregnating nitrous  acid  with  muriatic  acid  gas, 
out  without  fuccefs,  as  the  liquor  would  not 
touch  this  metal.  As  foon  as  the  muriatic  acid 
receives  the  nitrous  vapour  it  changes  from  a 
pale  fti'aw  to  a deep  orange,  much  deeper  than 
nitrous  acid  alone  can  be  brought  to. 

When  nitro-muriatic  acid  is  faturated  with 
an  alkali  the  nitrous  gas  which  it  had  abforbed 
is  given  out,  and  the  liquor  duly  evaporated 
.gives  both  a nitrat  and  muriat  of  the  alkali  ufed. 
But  when  the  acid  is  faturated  with  a metal  the 
refulting  fait  is  ufually  a fimple  muriat,  the 
nitric  acid  having  been  employed  to  oxygenate 
the  metal  and  thus  to  render  it  (in  moft  inftan- 
ces)  foluble  in  the  muriatic  acid,  to  which  moft 
metallic  oxyds  have  the  ftrongeft  affinity. 

NITRAT  OF  POTASH.  Nitre.  Salt- 
petre. 

Nitre  is  a neutral  fait  compofed  of  nitric  acid 
.and  potafti  in  a ftate  of  perfeH  mutual  faturation. 
Its  primitive  cryftalline  form  is  that  of  a rectan- 
gular ocbohedron,  compofed  of  two  pyramids 
applied  bafe  to  bafe,  in  fuch  a manner  that  two 
.oppofite  fides  of  the  upper  pyramid  form  with 
the  correfponding  fides  of  the  lower  one  angles 
of  120®,  while  tlie  two  other  oppofite  fides  form 
with  their  correfponding  ones  angles  of  1 1 1 
This  figure  hovi-ever  is  of  very  rare  occurrence. 
When  the  fummits  of  the  pyramids  are  deeply 
truncated,  the  refult  is  a bevilled  rectangular 
table,  which  is  by  no  means  unfrequent.  But 
the  moft  ufual  form  which  this  fait  affumes  is 
that  of  the  common  quartz  cryftal,  viz.  a ftrait 
iix-fided  prifm  terminated  at  each  extremity  by 
a fix-fided  pyramid.  The  fpecific  gravity  of 
4iitre  according  to  Newton,  is  1.9,  according 
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to  Mufehenbroek,  = 1.901,  and  according  to 
Hafl'enfratz,  — 1.9369:  the  latter  of  thefe 

eftimates  feems  to  be  the  leaft  correct.  It  has 
a fliarp  faiine  and  cooling  though  difagreeable 
tafte.  When  fully  cryftallized  it  is  very  brittle, 
and  the  larger  prifmatic  cryftals  if  held  in  the 
warm  hand,  will  crack  acrofs  with  a very 
audible  noife.  It  generally  attracts  a little  moif- 
ture  on  expofure  to  the  air,  but  this  is  probably 
to  be  attributed  to  the  cafual  mixture  of  a fmall 
portion  of  deliquefeent  fait.  With  regard  to 
the  degree  of  folubility  of  nitre  in  water  of 
different  temperatures,  there  exift  fome  contra- 
dictions that  require  to  be  cleared  up  : accord- 
ing to  Bergman,  this  fait  is  foluble  in  feven 
times  its  weight  of  water  at  the  ufual  tempera- 
ture, and  in  about  its  own  weight  of  boiling 
water ; from  the  experiments  of  Haffenfratz 
however  it  appears  that  a hot  faturated  folution 
of  nitre,  after  being  cooled  down  to  61°  Fahr. 
and  remaining  at  this  temperature  24  hours, 
holds  nearly  | of  its  weight  of  fait,  and  at  54“ 
Fahr.  about  -g-  of  its  weight : according  to 
Beaume,  4 ounces  of  boiling  water  will  take 
up  10  ounces  of  nitre  when  the  folution  is 
made  in  a matrafs,  but  if  a bafon  or  any  other 
open  vefl’el  is  made  ufe  of,  a pellicle  begins  to 
form  at  the  furface  of  the  liquor  when  it  con- 
tains water  and  fait  in  equal  proportions.  The 
following  table  of  the  fpecific  gravity  and  com- 
pofition  of  folutions  of  nitre  in  water  at  61“ 
Fahr.  has  been  conftruefted  by  Haffenfratz.** 


Sp.  gr.  of  folution 
at  61°  Fahr. 
1.^006 
1. 012 
1. 018 
1.024 
1.030 
1.035 
1.040 
1.046 
1.053 
1.059 
1.065 
1.072 
1.078 
1.085 
1. 091 
1.098 
1. 105 

I. Ill 

1.118 
1. 125 


Proportion  of  Nitre  in 
1 00  parts  of  folution. 

- - - I 

- - - 2 

- - - 3 

- - - 4 

- - - 5 

. . - 6 

- - - 7 

- - - 8 

- - - 9 

- - - 10 

- - - II 

- - - 12 

- - - 13 

- - - 14 

- - - 15 

- - - 16 

- - - 17 

- - - 18 

- - - 19 

- - - 20 
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Sp.  gr,  of  folutlon  Proportion  of  Nitre  in 

at6i®Fahr,  loo  parts  of  folution. 


1.13a  - - 

1.138  - - 

I.I45  - - 

- - - 23 

1.152  - - 

- - - 24 

1.158  - - 

- - - as 

If  a faturated  folution  of  nitre  is  boiled 
ftrongly,  and  more  efpecially  if  the  boiling 
temperature  is  raifed  by  the  addition  of  any 
deliquefcent  fait,  a very  notable  proportion  of 
the  nitre  is  volatilized  with  the  water,  as  will 
be  mentioned  more  particularly  in  the  latter 
part  of  this  article. 

, Nitre  is  readily  fufible  at  a heat  almoft  equal 
to  that  of  melting  zinc,  or  fomewhat  below 
ignition,  and  may  be  kept  for  a confiderable 
time  at  this  temperature  without  undergoing 
any  change,  except  a flight  lofs  of  weight  from 
parting  with  its  water  of  cryftallization ; a 
piece  of  charcoal  may  even  be  immerfed  in  it 
without  producing  any  detonation.  When 
poured  out  on  any  flat  furface  it  prefently  con- 
geals into  a white  tranflucent  mafs,  commonly 
known  by  the  name  of  cr^al  mineral.  If  how- 
ever the  heat  to  which  melted  nitre  is  expofed 
be  greater  than  that  requifite  for  maintaining  its 
liquidity,  a decompoiition  begins  to  take  place  j 
bubbles  of  gas  are  difengaged,and  by  a high  heat, 
continued  as  long  as  any  air  is  extricated,  the 
acid  is  entirely  decompoled,  and  nothing  but  the 
alkaline  bafe  of  the  fait  remains  behind  ; the 
gas  that  firft  comes  over  during  this  procefs  is 
tolerably  pure  oxygen,  but  the  latter  portions 
are  largely  mixed  with  azot.  When  this  expe- 
riment is  performed  in  an  earthen  crucible,  the 
alkalization  of  the  nitre  takes  place  more  fpeed- 
iiy»  on  account  of  the  affinity  of  the  potafh  for 
the  filex  and  alumine  of  the  crucible,  hence  alfo 
as  the  heat  increafes  a confiderable  part  of  the 
acid  is  fet  at  liberty  in  a ftate  of  femi-decompo- 
fition,  which  accounts  for  the  red  fumes  of 
nitrous  vapour  obferved  on  this  occafion  by 
Beaume.  When  the  fufion  is  not  continued 
long  enough  for  the  total  decompofition  of  the 
nitre,  the  refidue  confifts  of  free  alkali,  and 
a variable  proportion  of  nitrite  of  potaffi. 

The  decompofition  of  nitre  by  heat  is  much 
more  fpeedy,  if  fome  inflammable  fubftance  be 
prefent : in  this  cafe  a rapid  difengagement  of 
light  and  heat  takes  place,  accompanied  by  a 
loud  biffing  noife,  which  is  called  the  detonation 
of  nitre;  the  added  inflammable  matter  com- 
bioes  with  the  greater  part  of  the  oxygen  of  the 
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nitric  acid,  and  Is  itfelf  converted  into  an  oxyd 
or  acid ; if  the  latter,  it  generally  unites  with 
the  alkaline  bafe  of  the  nitre  in  proportion  as 
its  own  acid  is  decompofed  or  driven  ofi^.  Thus 
if  a few  grains  of  fulphur  be  projected  on  red- 
hot  nitre  the  former  immediately  takes  fire, 
burns  rapidly  with  a reddiffi-purple  flame,  and 
is  converted  into  fulphuric  and  fulphureous 
acid,  at  the  expence  of  the  nitric  acid,  which  is 
more  or  lefs  decompofed  j the  fulphureous  acid 
mixed  with  nitrous  vapour  flies  off,  while  the 
fulphuric  acid  remains  behind  in  combination 
with  the  difengaged  potafh  of  the  nitre,  forming 
fulphat  of  potaffi.  When  the  quantity  of  ful- 
phur added  is  not  fufficient  to  effedi:  a total 
decompofition  of  the  nitre,  the  refult  is  a mix- 
ture of  the  two  neutral  falts,  and  was  known 
among  the  old  chemifts  by  the  name  of  Glafer’s 
polychrejl  fait. 

If  inftead  of  adding  the  fulphur  by  fmall 
parcels  at  a time  to  the  nitre  in  ffifion,  the  two 
ingredients  are  carefully  mixed  together  in  the 
proportion  of  five  or  fix  parts  of  the  former  to 
one  of  the  latter,  and  the  furface  be  then  touched 
with  a hot  iron  or  any  other  ignited  body,  the 
detonation  is  much  flower  than  in  the  former 
cafe,  the  nitric  acid  appears  to  be  entirely  de- 
compofed, and  a quantity  of  Sulphuric  Acid, 
much  more  than  fufficient  to  faturate  the  alkali 
of  the  nitre,  is  produced. 

The  detonation  of  nitre  with  charcoal  Is  very 
rapid,  whether  the  charcoal  is  added  to  the 
nitre  brought  previoufly  to  a ftate  of  fufion,  or 
the  two  ingredients  are  mixed  together  by  pul- 
verization, and  then  thrown  into  a crucible  or 
any  other  veflel  heated  red-hot ; an  intenfe 
bluiffi  flame  is  difengaged,  accompanied  by  great 
heat  and  a white  vapour,  the  nitric  acid  difap- 
pears,  and  the  refidual  fait  is  fub-carbonat  of 
potaffi.  The  rationale  of  this  procefs  is  com- 
monly thus  explained : the  charcoal  combines 
with  the  oxygen  of  the  nitric  acid,  and  is  itfelf 
converted  into  carbonic  acid,  of  which  a portion 
unites  with  the  alkaline  bafe  of  the  nitre,  while 
the  reft  Is  volatilized  together  with  the  azot 
produced  by  the  decompofition  of  the  nitric 
acid.  From  the  experiments  however  of  Mr. 
Davy®  It  appears,  that  the  detonation  of  thefe 
two  fubftances  is  by  no  means  a procefs  of  fuch 
fimplicity  as  is  generally  imagined.  This  able 
chemift  having  filled  a glafs  tube  with  a mix- 
ture compofed  of  6 parts  of  nitre  and  i of 
charcoal,  detonated  it,  and  received  the  produ£b 
in  a jar  inverted  over  mercury  and  containing 
a little  water:  after  the  operation  the  water 
ici,  p.  44. 
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was  found  to  be  fufficiently  acidulous  to  reftore 
the  colour  of  red  cabbage  juice  that  had  been 
rendered  green  by  an  alkali,  thus  indicating 
the  prefence  of  a little  nitrous  acid  5 but  the 
fame  liquor  when  fuperfaturated  by  cauftic  pot- 
afh  or  quick-lime,  gave  out  a very  fenfible 
odour  of  volatile  alkali,  hence  it  appears  to 
have  contained  acidulous  nitrat  of  ammonia. 
The  gas  produced  by  the  detonation  being 
mixed  with  the  carbonic  acid  feparated  by  mu- 
riatic acid  from  the  alkaline  refidue,  was  found 
to  be  compofed  of  carbonic  acid,  nitrous  gas, 
and  azot,  in  the  proportion  by  bulk  of  20  of 
the  firft,  3 of  the  fecond,  and  7 of  the  third. 

If  the  charcoal  in  the  detonating  compound 
inftead  of  being  y is  raifed  to  of  the  mafs,  no 
nitrous  gas,  and  probably  no  nitrous  acid  is  pro- 
duced, which  agrees  with  the  obfervation  of 
Macquer,^  who  exprefsly  ftates  that  when  fuc- 
ceffive  portions  of  a mixture  of  nitre  and  char- 
coal are  detonated  in  a diftillatory  apparatus, 
“ nothing  is  found  in  the  retort  but  the  alkali 
which  was  the  balls  of  the  nitre ; and  the 
liquor  contained  in  the  receiver  has  no  acid 
tafte,  does  not  redden  the  tinfture  of  turnfol, 
makes  no  elFervefcence  with  alkaline  matters, 
and  is  truly  nothing  but  water  which  is  fome- 
times  nightly  alkaline.”  The  prefence  of  am- 
monia in  Mr.  Davy’s  experiment  may  we  think 
be  fatisfa£l:orily  accounted  for  by  the  decompo- 
lition  of  the  water  of  cryftallization  by  the  char- 
coal, and  the  combination  of  its  hydrogenous 
bafe  with  the  azot  of  the  nitric  acid. 

Thofe  compound  acids  into  which  carbon 
enters  as  an  eflential  conftituent,  decompofe 
nitre  with  nearly  the  fame  energy  as  charcoal 
does : thus  if  equal  parts  of  nitre  and  crude 
tartar  are  mixed  together  and  ignited,  a deto- 
nation takes  place,  the  tartareous  and  nitric  acids 
mutually  'decompofe  each  other  into  carbonic 
acid  and  other  galfeous  produfts,  and  there  re- 
mains behind  fub-carbonat  of  potalh,  being  the 
alkaline  bafe  of  both  falts.  The  alkali  thus 
produced  was  in  much  requeft  among  the  old 
chemifts  by  whom  it  was  named  ’ivh  'ite  Jluxy 
extemporaneous  alkali,  and  nitre  fixed  by  tartar: 
it  is  in  no  refpeft  however  different  from  puri- 
fied pearlalh  if  the  nitre  has  been  all  decom- 
pofed. 

Moll  of  the  metals  if  reduced  to  filings  or 
powder  and  mixed  with  nitre  will  produce  a 
detonation  at  a red  heat ; the  metal  in  a ftate 
of  high  oxydation  unites  with  the  alkali,  and  the 
nitric  acid  ismore  or  lefs  compleatly  decompofed . 
Thofe  metals  that  are  moft  inflammable  produce 


the  moft  violent  detonation,  fuch  are  zinc,  antl^' 
mony,  tin,  iron  and  bifmuth. 

The  effe£t  of  pure  hydrogen  on  nitre  has 
not  been  examined,  but  thofe  readily-fufible  in- 
flammable bodies  into  the  compofition  of  which 
it  largely  enters,  are  not  capable  of  detonating 
with  nitre  except  in  exa£t  proportion  to  the 
amount  of  carbon  that  they  contain  beyond 
what  is  requifite  for  the  produfiUon  of  carbu- 
retted  hydrogen,  or,  in  the  words  of  Macquer, 
to  whom  the  difcovery  belongs,  “ no  detonation 
will  happen  till  the  inflammable  matter  be 
burnt  and  reduced  to  a coal  j then  the  detona- 
tion commences,  and  is  always  proportionable 
to  the  quantity  of  coal  produced  by  the  inflam- 
mable matter.”  Thus  if  oil,  fat,  refin,  pitch, 
mineral  tar,  or  camphor,  are  dropped  upon  igni- 
ted nitre,  they  burn  v/ith  a large  flame,  but 
without  producing  thofe  violent  jets  of  fire  that 
charcoal  does,  or  haftening  the  decompofitioa 
of  the  fait.  If  a combuftiWe  fubftance  of  this 
clafs,  but  confiderably  mingled  with  charcoal, 
as  afphaltum,  be  treated  in  the  fame  manner^ 
the  carburetted  hydrogen,  as  being  the  moft  in- 
flammable, firft  burns  off  with  a quiet  flame, 
and  then  the  remaining  charcoal  produces  the 
ufual  phenomena  of  detonation. 

Nitre  is  entirely  decompofed  by  diftillation  at 
a moderate  heat  with  fulphuric  acid,  and  at  a 
higher  temperature  with  phofphoric,  boracicj 
and  arfenic  acids ; thefe  combine  with  the  al- 
kali of  the  fait,  while  its  acid  pafles  over  in  the 
ftate  of  vapour ; a fimilar  eflTeft  is  produced  by 
filex  or  alumine,  or  a mixture  of  both,  but  the 
heat  requifite  in  this  cafe  being  confiderably 
higher  than  in  the  former  a proportionably 
larger  quantity  of  nitric  acid  is  decompofed 
during  the  procefs.  Strong  muriatic  acid  will 
alfo  in  part  decompofe  nitre,  as  we  have  already 
fhewn  in  our  account  of  that  fubftance. 

The  only  fubftance  capable  of  decompofirg 
nitre  fo  as  to  liberate  its  alkali,  is  cauftic  bary- 
tes, a quantity  of  each  in  fine  powder  being 
mixed  together,  and  then  moiftened  with  a little 
water,  re-a£f  on  each  other  and  produce  nitrat 
of  barytes  and  cauftic  potafh,  of  which  the 
latter  alone  (if  too  much  water  is  not  ufed) 
remains  in  folution. 

The  exaft  analyfis  of  nitre  is  attended  with 
many  difficulties,  in  confequence  of  which  even 
the  moft  able  chemifts  vary  materially  in  their 
accounts  of  its  compofition.  Bergman  found 
that  49  parts  of  potaffi  when  faturated  with 
nitric  acid  afforded  100  of  cryftallized  nitre. 
Hence  he  ftates  the  proportions  of  this  fait  at 
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49  Potafli 
33  Nitric  acid 
1 8 Water 

lOO 

According  to  Wenzel  loo  parts  of  nitre 
contain 

48.13  Potafli 
51.87  Acid  and  water 


100.00 

But  according  to  Kirwan  100  parts  of  cryf- 
tallized  nitre  dried  at  70°  Fahr.  are  compofed 

of 

51.8  Potafli 
44  Acid 
4.2  Water 


100.0 

and  this  eftimate  being  incidentally  confirmed 
by  other  experiments  of  Berthollet  and  of  Keir, 
is  probably  very  near  the  truth.  8 

The  ufes  of  nitre  are  very  important.  It  is 
employed  in  prodigious  quantities  in  the  manu- 
fa£lure  of  gunpowder,  and  in  all  kinds  of  pyro- 
technical  compofitions.  It  is  the  only  fait  from 
which  nitric  acid  is  habitually  made,  both  in 
the  large  and  fmall  way  ; it  is  alfo  largely  con- 
fumed  in  the  preparation  of  fulphuric  acid  from 
the  combination  of  fulphur.  When  mixed 
with  common  fait  it  adds  to  the  efficacy  of  this 
latter  in  preferving  animal  flefli  from  decay ; 
it  is  employed  by  the  glafs-maker  and  the  gold- 
fmith,  and  is  in  conflant  ufe  in  the  laboratory. 

* * * * 

We  now  proceed  to  treat  of  the  natural  hif- 
tory  and  manufa£l:ure  of  nitre,  as  carried  on  in 
various  countries,  but  chiefly  in  France,  where 
its  produ£rion  has  been  more  an  objedl:  of  philo- 
fophical  inveftigation  than  in  any  other  country. 

Nitre  may  be  confidered  both  as  a natural 
and  artificial  produft.  Native  nitre  minera- 
logically  fpeaking,  is  a fubftance  of  very  recent 
formation.  It  appears  to  occur  in  two  different 
repofitories  : the  firfl  of  thefe  is  limeftone,  and 
the  fecond  vegetable  foil.  The  calcareous  repo- 
fitory  is  either  a peculiar  variety  of  fecondary 
floetz  limeftone,  or  calcareous  tufa,  or  chalk,  or 
indurated  marl.  In  thefe  rocks  it  occurs  as  a 
thin  granular  cruft,  or  an  efflorefcence  of  minute 
fpicular  cryftals  overfpreading  the  ontfide,  and 


particularly  lining  the  infide  of  the  caverns 
both  natural  and  artificial,  with  which  thefe 
rocks  abound.  Hence  probably  is  derived  its 
ancient  name  faltpetre  (Sal  petray  rock  fait). 
Calcareous  ftrata  containing  nitre,  are  found  in 
various  parts  of  South  America,  in  fome  diftri£ls 
of  France,  in  the  county  of  Bamberg,  and  at 
Hamburg  near  Wurtzburg.  But  the  moft; 
celebrated  repofitory  of  native  nitre  is  the  Pulo 
of  Molfetta,  in  the  province  of  Puglia,  in  the 
kingdom  of  Naples.  The  Pulo  is  a deep  cavity 
in  the  form  of  an  inverted  cone,  produced  by 
the  falling  in  of  feveral  large  natural  caverns, 
and  communicating  laterally  with  other  caverns 
both  natural  and  artificial,  that  yet  remain  entire. 
All  the  ftrata  in  which  thefe  excavations  occur 
are  of  hard  fecondary  limeftone,  abounding  with 
the  remains  of  organized  bodies.  The  whole 
of  thefe  caves  at  the  time  when  the  Abbe 
Fortis  called  the  public  attention  to  them,  were 
lined  with  an  efflorefeent  cruft  of  nitre  more 
than  an  inch  in  thicknefs,  which  after  being 
feraped  off,  was  again  renewed  in  the  courfe  of 
a few  days  in  conftant  fucceffion.  ^Fhin  frag- 
ments of  ftone  were  often  falling  down,  being 
forced  from  their  place  by  the  cryftallizations  of 
nitre  beneath  them  ; the  fubftance  of  the  rock 
alfo  to  the  depth  of  a foot  or  more  from  the 
furface,  was  richly  impregnated  with  the  fait 
which  might  be  feparated  by  lixiviation ; but 
fpecimens  taken  from  a greater  depth  feem  to 
contain  no  nitre  ready  formed,  at  lead  boiling 
water  was  incapable  of  diflblving  out  any.  It 
appears  however  from  the  teftimony  of  Dolom- 
ieu,  that  a piece  of  this  rock  after  lying  for  two 
months  in  a dry  cabinet,  became  covered  with 
a thin  cruft  of  nitre.  Specimens  of  the  nitrous 
cruft  from  the  Pulo  have  been  analyfed  both  by 
Klaproth'’  and  Pelletier,*  and  the  refults  agree 
full  as  well  as  can  be  expefted  in  the  exami- 
nation of  a fubftance  fo  liable  to  flight  variations 
in  its  compofition. 


Klapr. 

Pellet. 

425-5 

— 407.5  Nitre 

2. 

— Muriated  potafli 

26.7  Muriats 

20.8  Sulphats,  foluble 

water 

254-5 

— 96.7  Sulphat  of  lime. 

304- 

— 410.  Carbonat  of  lime 

986.0 

— - 961.7 

14 

— 38.3  Lofs 

1000. 

— • 1000. 

« Kirwan  on  Acids  (Additional  Obfer.)  p.  70,  * Analyt.  Eff.  I.  p.  273. 
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The  fecond  repofitory  of  native  nitre  is  vege- 
table foil.  It  is  afferted  by  fome  chemifts, 
efpecially  thofe  who  maintain  that  nitre  is  a 
producSf  of  vegetation,  that  all  foils  contain  nitre 
in  proportion  to  their  fertility  : this  however  is 
by  no  means  the  cafe : Mr.  Beaume  lixiviated 
carefully  36  fpecimens  of  fertile  foil,  and  did 
not  obtain  a particle  of  nitre  from  any  one  of 
them.  ^ There  is  no  country  in  Europe  the  foil 
of  which  is  fo  rich  in  this  fait  as  Spain.  It  is 
aflerted  by  Bowles  that  nearly  a third  of  the 
uncultivated  lands  in  the  Eaftern  and  Southern 
provinces  of  this  kingdom  afford  it  in  abundance 
under  the  following  fimple  management.  The 
land  is  ploughed  twice  or  thrice  during  the 
winter  and  fpring,  to  the  depth  of  three  or  four 
inches  j it  lies  fallow  the  whole  fummer,  and 
about  the  middle  of  the  autumn  the  foil  having 
been  thus  expofed  to  the  full  adlion  of  the  air, 
is  carted  off  and  lixiviated : the  liquor  is  then 
boiled  down  in  the  ufual  manner,  and  affords 
by  cooling  a quantity  of  nitre  mixed  with  from 
20  to  40  per  cent,  of  dommon  fait. 

A confiderable  part  of  the  foil  in  Lower 
Hungary  is  richly  impregnated  with  nitre,  and 
feveral  of  the  wells  and  fprings  are  incapable  of 
being  ufed  as  drink  on  account  of  their  contain- 
ing from  T to  4 per  cent,  of  this  fait.* 

Many  of  the  lands  in  India,  efpecially  in  the 
vallies  of  the  great  rivers,  are  exceedingly  abun- 
dant in  nitre.  In  the  prefidency  of  Calcutta  alone 
between  7 and  8000  tons  are  annually  manu- 
fadlured.  Sometimes  it  covers  the  furface  of 
the  foil  with  a faline  efflorefcence,  which  being 
fwept  off  is  renewed  every  other  day  at  parti- 
cular feafons  of  the  year.  The  foil  of  thofe 
lands  in  which  it  is  lefs  abundant  is  raked  up 
into  fmall  heaps,  and  mixed  with  the  fcrapings 
of  roads  and  cattle-ftalls,  and  after  being  expofed 
for  a certain  time  to  the  a£l:ion  of  the  air  is  lixi- 
viated: the  earthy  refidue  is  mixed  with  frelh 
earth,  and  after  two  years  affords  as  large  a 
produce  of  nitre  as  at  nrft. 

In  many  nitrous  foils  the  acid  which  they 
contain  is  combined  for  the  moft  part  with  lime 
inftead  of  potalh,  fo  that  the  produce  of  real 
nitre  which  they  afford  by  the  ufual  mode  of 
treatment  is  very  fmall : long  experience  how- 
ever has  taught  the  nitre  - makers  in  every 
country  where  thefe  foils  occur,  to  remedy  this 
defedl:  by  the  addition  of  wood-alhes.  The 
rationale  of  this,  though  wholly  unknown  to 
the  greater  number  of  thofe  who  pra£life  it,  is 
fufficiently  obvious  to  the  chemift ; the  carbo- 
nated alkali  of  the  alhes  and  the  calcareous 
Mem.  de  Scavans  Etrang,  XI,  p.  38a. 


nitrat  of  the  foil  mutually  decompofe  each 
other,  and  carbonated  lime  and  nitrated  potalh 
is  the  refuTt.  Many  of  the  nitrous  foils  in  India 
require  this  alkaline  addition,  as  well  as  thofe 
of  China  and  other  parts  of  Alia.  Much  of  the 
nitrous  foil  in  the  Crimea  and  Ukraine  alfo  is 
of  this  defeription : in  appearance  it  refembles 
common  black  vegetable  mould,  except  that  it 
is  more  undluous  to  the  touch,  and  is  fo  light 
and  of  fuch  little  coherence  as  to  be  converted  to 
a loofe  dull:  by  a few  days  of  dry  weather.  Thofe 
parts  of  the  Crimea  that  have  been  long  uncul- 
tivated, and  efpecially  the  artificial  mounds  that 
have  ferved  for  burial  places  and  the  fites  of 
towns,  are  fele£l:ed  by  the  nitre-makers.  The 
foil  being  dug  up  is  mixed  with  about  ^ by 
meafure  of  wood-alhes,  and  lixiviated  in  perfo- 
rated calks  in  the  ufual  way : the  liquor  thus 
produced,  when  concentrated  by  repeated  lixivi- 
ations,  is  mixed  with  the  mother  water  of  a 
preceding  cryftallization,  and  boiled  down  for 
24  hours,  removing  from  time  to  time  the  com- 
mon fait  and  muriated  potalh  that  feparates 
during  the  procefs ; it  is  now  transferred  while 
hot  into  lhallow  coolers,  in  order  to  cryftallize, 
which  it  does  in  24  hours  more.  The  rough 
cryftals  being  drained  are  again  diffolved  in 
water,  and  the  produ£l:  of  the  fecond  cryltalli- 
zatlon  is  a nitre  fomewhat  impure  but  yet  in  a 
fit  ftate  for  the  market.  Four  hundred  cubic 
feet  of  the  mixture  of  earth  and  wood-alhes 
afford  42  lbs  of  nitre  of  the  firft  cryftallization, 
which  by  the  fubfequent  refining  is  reduced  to 
39 

Before  the  general  ufe  of  gunpowder  in  war, 
the  produce  of  native  nitre  was  abundantly  fuffi- 
cient  to  fupply  the  European  demand  for  this 
article ; but  when  in  confequence  of  the  uni- 
verfal  adoption  of  fire-arms  the  confumption  of 
this  fait  was  prodigioully  increafed,  it  became 
an  important  objedi  for  every  nation,  and  efpe- 
cially thofe  that  were  the  leaft  commercial,  to 
encourage  by  every  method  the  domeftic  manu- 
fadlure  of  nitre.  Every  kind  of  foil  that  had 
the  leaft  refemblance  to  the  nitre  foils  of  Spain 
and  India,  was  examined  by  lixiviation,  and  by 
degrees  it  was  afeertained  that  the  furface  foil 
of  farm-yards,  of  cattle-ftalls,  of  cellars,  of 
privies,  and  other  places  long  expofed  to  the 
vapours  of  putrefying  animal  matter,  afforded, 
when  mixed  with  wood-afhes  and  lixiviated,  a 
confiderable  quantity  of  nitre.  It  was  alfo 
difeovered  that  the  plaifter,  mortar,  and  what 
is  included  under  the  general  term  brick-rub, 
bilh  of  old  houfes,  was  capable  of  yielding  tlrij 
> Ruckert,  Journ,  des  Mines,  No.  a,  p.  la. 


NIT 


NIT 


C 157  ) 


fatt  by  a Cmilar  treatment.  In  confequence  of 
this  difcovery  all  thefe  fubftances  were  claimed 
by  the  crown  in  moft  of  the  countries  of  Europe, 
and  granted  to  focieties  of  faltpetre-makers,  in- 
corporated for  the  purpofe  of  fupplying  the 
public  magazines  of  the  country  with  this  indif- 
penfable  commodity.  England  and  Holland 
were  foon  able  to  fupply  themfelves  at  an  eafy 
rate  with  nitre,  by  means  of  their  commercial 
connexions  with  India  and  China,  and  therefore 
• attended  only  a very  fhort  time  to  the  domeftic 
preparation  of  this  fait.  France,  Germany, 
and  the  Northern  ftates  of  Europe  on  the  other 
hand,  importing  but  a fmall  quantity  of  nitre 
in  proportion  to  their  wants,  have  always  encou- 
raged its  manufadlure  by  every  method  in 
their  power.  In  the  former  of  thefe  countries 
efpecially,  the  privileges  of  the  faltpetre-makers 
were  fo  extenfive  and  fo  rigoroufly  enforced,  as 
to  occafion  much  petty  tyranny  and  vexation, 
befides  operating  as  a direft  discouragement  to 
agriculture.  Thefe  manufafturing  companies 
were  allowed  to  take  away  without  compenfa- 
tion  all  the  nitrous  foils  that  they  could  difcover : 
hence  when  a houfe  was  pulled  down,  fuch  part 
of  the  old  materials  and  foundation  foil  as  fuited 
their  purpofe  was  fele£l:ed  from  the  reft  and 
carried  off  by  them  ; they  had  alfo  the  right  of 
digging  up  once  a year  the  earthen  floors  of 
every  out-houfe,  and  in  fome  provinces  even  of 
the  inhabited  cottages : the  farmer’s  yards  were 
fubjeft  to  the  like  troublefome  vifitations,  by 
which  he  was  deprived  of  a confiderable  quantity 
of  his  beft  manure  ; and  every  parllh  or  diftridl 
was  obliged  befides'to  furnilh  a certain  amount 
of  wood-afhes.  Thefe  terrible  means  of  annoy- 
ance were  placed  by  the  crown  in  the  hands  of 
the  farmers  general,  and  by  them  were  entrufted 
to  inferior  agents,  more  difpofed  to  exercife  them 
fo  as  to  obtain  from  thofe  in  their  power  a pecu- 
niary compofition,  than  to  exert  their  privileges 
for  the  public  advantage ; the  confequence  of 
which  was  that  notwithftanding  the  trouble  and 
extortion  by  which  individuals  were  thus  fe- 
verely  harafled,  the  annual  produce  of  nitre  at 
the  accelTion  of  Turgot  to  the  miniftry,  fcarcely 
exceeded  one  half'  of  what  it  had  amounted  to 
half  a century  before.  An  important  reform 
however  was  introduced  by  this  able  ftatefman, 
the  privilege  of  digging  up  the  floors  and  cellars 
of  inhabited  houfes  was  abolifhed,  the  requifi-. 
tions  of  fluel  and  wood-aflies  were  reftrained, 
and  the  adminiftration  of  this  department  was 
taken  from  the  farmers  general,  and  entrufted 
to  a particular  commiflion,  of  which  Lavoifier 
and  Clouet  were  leading  members  5 a confide- 


rable fum  of  money  was  placed  at  the  dlfpofal 
of  the  Royal  Academy  of  Sciences,  to  be  diftri- 
buted  as  prizes  by  this  body  to  the  authors  of 
the  beft  memoirs  on  the  preparation  of  faltpetre, 
in  confequence  of  which  various  important 
changes  took  place  in  the  management  and  con- 
ftruftion  of  artificial  nitre-beds,  and  the  refining 
of  their  produce.  By  thefe  means  the  yearly 
amount  of  nitre  made  in  France  was  increafed 
during  the  period  from  1775  to  1785,  from 
1,800,000  lbs.  to  3,500,000  lbs.  Four  years 
after  this  period  the  Revolution  war  com- 
menced, for  the  fupply  of  which  a prodigious 
quantity  of  gunpowder  was  demanded,  while 
all  the  requifite  nitre  was  obliged  to  be  drawn 
from  domeftic  fupplies.  To  meet  this  exigency 
the  knowledge  and  perfonal  fuperintendance 
of  the  ableft  chemifts  of  Paris  was  dire£l:ed  to 
this  important  objedf,  and  in  the  fpace  of  a very 
few  years  the  produce  of  nitre  was  more  than 
quadrupled,  and  a fimplicity  and  expedition 
introduced  into  the  refineries  of  this  fait,  that 
feem  to  have  brought  its  manufadlure  nearly 
to  perfection. 

In  our  account  of  nitric  acid  we  have  ftiown 
that  the  component  parts  of  this  fubftance  are 
azot  and  oxygen,  we  have  alfo  ftiown  in  another 
place  that  animal  matters  in  general  contain  a 
large  quantity  of  azot  combined  in  various  pro- 
portions with  hydrogen,  carbon  and  other  fub- 
ftances. When  the  decompofition  of  animal 
matter  by  means  of  the  putrefactive  fermenta- 
tion takes  place,  its  elements  enter  into  new 
combinations  with  each  other  and  for  the  moft 
part  alTume  the  gafeous  form.  Now  although 
azot  like  feveral  other  bodies  when  it^has  com- 
pleatly  acquired  the  ftate  of  elaftic  fluidity  is 
but  little  difpofed  to  combine  with  oxygen  at 
the  ufual  atmofpheric  temperature,  yet  when  in 
its  nafcent  ftate  and  particularly  when  mixed 
at  the  fame  time  with  eafily  combuftible  fub- 
ftances it  unites  with  oxygen  without  much 
difficulty.  Hence  it  is  obvious  how  nitrous  acid  , 
or  more  probably  nitrous  vapour  is  produced  by 
the  contacft  of  atmofpheric  air  and  putrid  gas. 
But  the  acid  is  produced  flowly,  and  in  propor- 
tion as  it  forms  v/ill  fly  off  together  with  the 
other  volatile  ingredients,  except  it  meets  with 
an  alkaline  bafe  to  combine  with  into  a neutral 
fait.  It  might  feem,  a priori,  a matter  of  perfect: 
indifference,  as  far  as  the  mere  formation  and 
detenfion  of  nitrous  acid  is  concerned,  whether 
one  alkaline  fubftance  or  another  was  employed  . 
for  this  purpofe,  but  experiment  has  ftiown,  as 
we  ftiall  detail  more  at  large  prefently,  that  the 
proper  fixed  alkalies  whether  in.  a mild  or 
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cauftic  ftate  are  by  no  means  fo  efficacious  as 
carbonat  of  lime.  Thus  it  appears  that  three 
conditions  are  requifite  for  the  produ£Hon  of 
nitrated  lime  (from  which  by  the  fubfequent 
addition  of  carbonated  potafli  common  nitre  is 
readily  obtained)  viz.  animal  matter  in  a {late 
of  decompofition,  atmofpheric  air,  or  rather 
the  oxygenous  part  of  it,  and  carbonated  lime. 

The  firfl  propofal  for  the  conftru6lion  of 
artificial  nitre  beds  came  from  Glauber.  This 
able  chemifl  refle£ling  on  the  circumftance 
that  earth  which  had  been  long  expofed  to 
exhalations  from  the  dung  and  urine  of  Iheep 
and  other  animals,  or  in  which  animal  bodies 
had  been  buried  was  capable  of  affording  nitre 
by  lixiviation,  concluded  that  this  fait  was 
contained  in  animal  matter:  but  finding  that 
various  animal  fluids  fuch  as  urine  and  blood, 
afforded  no  nitre  when  recent,  he  was  induced 
to  try  the  effe£l  of  putrefa£lion  on  them:  for 
this  purpofe  he  filled  an  open  veffel  with  blood, 
and  expofed  it  to  fpontaneous  decompofition 
till  nothing  remained  of  it  but  a loofe  earth : 
from  this  by  lixiviation  he  obtained  a portion  of 
nitre,  hence  he  concludes  that  the  falts  con- 
tained in  recent  animal  matter  are  in  an  inert 
or  as  he  calls  it  a dead  ftate,  till  by  long  expo- 
fure  to  the  air  and  fermentation  they  acquire 
from  it  a vital  fpir it.®  From  the  nitrous  efflo- 
refcences  on  the  plaifter  of  cellar  walls  he 
inferred  that  the  faline  bafe  of  nitre  was  alfo 
contained  in  certain  earths;  and  becaufe  that 
part  of  the  plaifter  in  immediate  conta£l  with 
the  bricks,  and  therefore  excluded  from  the  air, 
afforded  no  nitre  by  lixiviation,  he  nlrew  -the 
fame  conclufion  as  in  the  former  cafe  refpecling 
the  vivifying  influence  of  the  air  in  the  forma- 
tion of  nitre.  It  being  a matter  of  common 
notoriety  that  earth  when  long  impregnated 
with  the  lees  of  wine  became  rich  in  nitre,  this 
circumftance  together  with  other  collateral  ar- 
guments induced  him  to  infer  the  prefence  of 
nitre  in  vegetables  alfo.  In  purfuance  of  this 
theory  he  propofes  the  following  plan  for  the 
formation  of  nitre."  Let  a large  fquare  wooden 
vat  be  made  open  at  top,  and  with  a perforated 
folfe  bottom  placed  a few  inches  above  the  real 
bottom,  and  between  the  two  bottoms  let  a 
pipe  with  a ftop  cock  be  inferted  fo  as  to  dif- 
^harge  any  liquor  into  a ftiallow  open  refervoir 
funk  into  the  ground  juft  in  the  front  of  the  vat: 
.on  the  oppofite  fide  of  the  refervoir  let  another 
vat  fimilar  to  that  already  defcribed  be  placed, 
and,  to  compleat  the  apparatus,  let  a pump  be 
^fi.xed  in  the  refervoir  by  which  its  contents  may 
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be  transferred  to  either  of  the  vats  that  the 
workman  choofes.  Every  thing  being  compleat 
let  the  vats  be  filled  with  horfes’,  cows’,  or 
fheeps’  dung  mixed  with  leaves  or  any  dry 
vegetables:  then  draw  a weak  alkaline  ley  from 
quicklime  and  woodafhes  and  pour  it  into  one 
of  the  vats  till  it  ftands  a finger’s  breadth  above 
the  other  ingredients.  In  about  12  hours  time 
turn  the  cock  and  let  the  liquor  drain  into  the 
refervoir,  wlrence  it  is  to  be  pumped  again  into 
the  other  vat,  and  after  12  hours  more  return- 
ed into  the  refervoir.  In  the  fpace  of  a few 
days  the  contents  of  the  vats  will  heat  and 
ferment  ftrongly:  no  further  care  is  required 
till  the  decline  of  the  fermentation,  which  may- 
be known  by  the  ceffation  of  the  fleam:  the 
materials  are  then  to  be  again  drenched  with 
the  liquor  in  the  refervoir  for  1 2 hours,  and  when 
this  is  again  difeharged  the  fermenatidn  will 
recommence.  This  method  being  purfued  for 
ten  or  twelve  months,  (taking  care  to  keep  the 
vats  filled  with  frefh  portions  of  leaves  and  dung 
as  the  mafs  fubfides)  both  the  liquor  and  the 
contents  of  the  vats  will  be  found  to  be  very- 
rich  in  nitre. 

The  above  method  of  Glauber’s  deferves 
notice  as  the  firft  attempt  at  the  artificial 
manufadlure  of  nitre,  although  there  is  little 
doubt  that  its  fuccefs  is  greatly  exaggerated,  as 
is  but  too  much  the  cuftom  of  this  author. 
Another  method  propofed  by  the  fame  chemifl 
and  the  fuccefs  of  which  is  better  authenticated 
is  the  following.  Conftrufl  a vault  of  frame 
work  of  any  dimenfions  and  line  it  to  the 
thicknefs  of  three  or  four  inches  with  plaifter 
compofed  of  the  following  materials,  viz.  one 
part  of  quicklime,  one  of  woodafhes,  and  two 
of  cow’s  or  horfe’  dung  with  a fufficient  quantity 
of  urine  to  work  it  up  to  a proper  confiftence. 
This  plaifter  being  carefully  applied  is  to  be 
dried  by  a gentle  fire  to  be  made  under  the 
vault,  a fecond  coating  of  the  fame  materials  is 
then  to  be  put  on,  and  thus  by  alternate  drying 
and  plaiftering  .the  vault  is  to  be  made  two  or 
three  feet  thick.  Being  now  fufficiently  ftrong 
the  wooden  framing  may  be  removed.  The 
plaifter  in  proportion  as  it  dries  is  to  be  reftored 
to  a proper  ftate  of  moifture  by  the  application 
of  urine,  and  in  the  fpace  of  a few  months, 
more  or  lefs  according  to  the  warmth  of  the  air 
and  other  circumftances,  the  whole  infide  of 
the  vault  will  be  covered  with  nitrous  effloref- 
cences:  by  degrees  the  plaifter  will  be  impreg- 
nated with  nitre  through  its  whole  fubftance, 
at  which  time  the  vault  being  broken  down  and 
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its  materials  being  duly  lixiviated,  a large  quan- 
tity of  nitre  will  be  obtained.  This  method 
was  adopted  in  nltny  parts  of  Germany  with 
reafonable  fuccefs,  but  requiring  much  manual 
labour  was  at  length  abandoned  for  more  eco- 
nomical procefles. 

In  dire£t  oppofition  to  the  Inftrufllons  on 
this  fubje£t  by  Glauber  who  had  clearly  fhown 
the  abfolute  neceflity  of  the  prefence  of  air  to  the 
formation  of  nitre,  feveral  very  large  experiments 
were  made,  chiefly  in  Sweden  and  Germany  to 
prepare  this  fait  by  filling  large  trenches  with 
animal  and  vegetable  refufe  of  various  kinds 
mixed  with  quicklime  and  wood  alhes  and  duly 
watered  with  urine.  But  though  all  other 
circumftances,  were  tolerably  favourable  the 
exclufion  of  air  from  the  greater  part  of  the 
mafs  fo  delayed  the  produdlion  of  nitre,  that 
after  the  expiration  of  20  years  a fmaller  quan- 
tity of  this  fait  was  thus  obtained  than  is  yielded 
by  the  fame  materials  in  two  or  three  years  when 
the  air  is  freely  admitted  to  them.  Attempts 
were  made  to  remedy  thefe  defe£ts  by  the  infer- 
tion  of  pipes  and  air  fliafts,  but  with  little  fuc- 
cefs compared  to  the  trouble  and  expence;  fo  that 
at  length,  inftrufted  by  experience,  the  Swedes 
adopted  that  mode,  which  with  a few  modifi- 
cations they  ftill  retain,  and  the  advantages  of 
which  are  daily  more  and  more  apparent. 
Upon  a fquare  floor  of  brick  or  ftone,  is  laid  a 
bed  a few  inches  thick  compofed  of  woodaflies, 
lime,  and  mellow  vegetable  earth  moiftened  with 
urine,  and  the  mother  water  obtained  in  the 
refining  of  nitre:  upon  this  is  placed  a layer  of 
draw  or  old  thatch,  then  another  of  the  com- 
pofition,  and  fo  on  alternately  till  a pyramid  8 
or  9 feet  high  is  conftrudted.  In  order  to  pre- 
ferve  thefe  piles  from  the  rain  and  fnow  which 
would  wafli  out  the  fait  as  fall  as  it  formed,  a 
number  of  ftout  poles  are  duck  in  the  ground 
all  round  the  floor,  the  tops  of  which  are  tied 
together,  and  their  interdices  carefully  clofed 
with  intertwided  twigs,  thus  excluding  the 
rain,  but  admitting  the  air.  Thefe  pyramids 
are  watered  from  time  to  time  with  putrid 
urine,  and  in  about  a year  faline  efflorefcences 
begin  to  apnear  on  their  furface:  diortly  after, 
the  nitre  thus  generated  is  fwept  off,'  and  the 
piles  then  yield  regular  crops  of  this  fubdance 
every  week  or  ten  days,  except  during  frody 
weather,  for  about  nine  years.  At  the  expira- 
tion of  this  period  the  efflorefcence  ceafes,  and 
the  nitre  yet  remaining  in  the  pile  is  obtained 
by  lixiviation:  the  infoluble  refidue  is  an  excel- 
lent manure  and  much  in  requed  for  flax  and 
kemp.  In  Pruffia,  nitre  is  obtained  from  mud 


walls  compofed  of  loamy  earth,  night  foil,  mud 
from  ponds,  dable  litter,  and  any  other  vege-^ 
table  or  animal  fubdances:  thefe  being  mixed 
together  and  tempered  to  the  confidence  of 
dilf  mortar  by  urine  and  dunghill  drainings, 
are  raifed  into  walls  four  feet  high  and  about 
two  feet  thick,  and  topped  with  a flight  coping 
of  thatch  in  order  to  dioot  off  the  rain:  in 
procefs  of  time  the  draw  and  other  vegetables 
which  the  walls  contain  decay,  by  which  it  is 
rendered  more  porous  and  the  air  gets  admiflion 
more  or  lefs  to  its  interior  fubdance.  Many 
howev'er  are  the  objeftions  to  this  method  of 
preparing  nitre.  In  the  fird  place  the  labour 
required  for  the  condru£lion  of  thefe  walls  is 
very  confiderable:  fecondly,  the  clayey  loam 
which  is  necelTary  to  give  the  mafs  a due  con- 
fidence for  the  formation  of  walls,  prevents  it 
from  being  fufficiently  porous  even  after  the 
draw,  &c.  has  decayed ; thirdly,  there  is  feldom 
a proper  quantity  of  calcareous  matter,  fo  that 
much  of  the  nitrous  acid  flies  off  for  want  of  a 
fit  bafe  to  detain  it:  and  fourthly,  the  very 
imperfeft  protection  from  the  weather  which 
thefe  walls  receive  from  their  thatch  coping, 
fubjeCts  a confiderable  quantity  of  the  fait  when 
formed  to  be  wadied  out  by  the  rain  and  thus 
lod.  For  thefe  reafons  it  is  feldom  worth 
while  to  lixiviate  this  earth  oftener  than  once  in 
about  fix  or  eight  years,  and  even  then  the 
produce  is  very  fcanty. 

Ih  France  the  nitre-beds  are  compofed  of 
nitrous  earth  from  farm-yards,  dables,  8cc.  of 
dreet  fweepings,  of  mild  calcareous  earth,  fuch 
as  old  mortar  or  plaider,  chalk,  tufa,  or  the 
fweepings  of  roads  paved  with  limedone;  of 
animal  matter,,  fuch  as  night-foil,  blood,  refufe 
from 'the  fkinners  atid  tanners,  bones  and  other 
offal;  of  vegetable  matter,  fuch  as  draw  and 
dable  litter,  leaves,  fawdud,  fpent  tanner’s 
bark,  &c.  Thefe  are  all  mixed  in  fomewhat 
cafual  proportions,  care  being  only  taken  that  a 
fufficient  quantity  of  calcareous  matter  is  pre- 
fent;  they  are  laid  as  lightly  as  poflibie  in  long 
beds  or  pyramids  under  covered  roofs  to  pvoteft' 
them  from  the  weather,  and  are  kept  duly 
moidened  with  putrid  water  or  urine:  by  this 
management  they  yield  every  other  year  by 
lixiviation  a confiderable  quantity  of  nitrated 
lime,  which  by  the  addition  of  woodadies  or 
potafh  is  converted  into  true  nitre.  The  cir-- 
cumdance  in  which  the  French  nitr.e  btds  • 
differ  principally  from  thofe  of  Sweden  and  > 
Germany  is  that  they  fcarcely  ever  contain >. 
woodaflies,  the  requifite  portion  of  alkali  being 
added  in  a fubfequent  part  of  the  manufacture;: . 
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The  proportion  of  nitre  afforded  by  thefe 
artificial  beds  it  Is  not  eafy  to  afcertain.  In 
France,  where  the  cuftom  is  to  lixiviate  once  in 
two  years,  the  produce  may  be  eftimated  at 
from  7 to  12  ounces  of  nitre  from  loo  lbs.  of 
materials:  of  this  about  half  is  nitrat  of  potafh, 
and  the  reft  nitrat  of  lime,  requiring  therefore 
the  addition  of  potafh  to  convert  it  into  true 
nitre.  • 

Concerning  the  theory  of  nitrification  much 
has  been  written,  but  with  the  exception  of  an 
admirable  memoir  by  M.  Thouvenel,  to  little 
purpofe.  The  chemifts  of  the  modern  fchool 
having  difcovered  that  nitric  acid  is  compofed 
of  oxygen  and  azot,  and  that  animal  matters 
abound  in  condenfed  azot,  content  themfelves 
with  faying  that  the  azot  as  it  is  evolved  by  the 
progrefs  of  putrefadHon  combines  with  the 
oxygenous  part  of  the  air,  and  thus  forms  nitric 
acid,  which  is  prevented  from  efcaping  by  the 
lime  and  other  alkaline  bafes  with  which  it  is  in 
conta<ft.  This  however  from  the  little  hitherto 
known  on  the  fubjedl  appears  to  be  a very 
imperfect  reprefentation  of  the  matter;  we  fhall 
therefore  proceed  to  detail  the  principal  refults 
of  M.  Thouvenel’s  experiments,  which,  imper- 
fe<ft  as  they  are,  throw  more  light  on  this 
curious  and  important  fubjedl  than  any  others 
with  which  we  are  acquainted.  ® 

Several  open  veflels  containing  each  three  lbs. 
of  pure  and  well  wafhed  chalk  moiftened  with 
diftilled  water,  were  for  the  fpace  of  feven  or 
eight  months  expofed  to  the  putrid  vapours  of 
privies,  cellars  and  prifons,  being  then  lixiviated 
they  afforded  from  50  to  90  grs.  of  nitre  each, 
of  which  the  principal  part  was  nitrat  of  lime 
but  mixed  in  general  with  a little  nitrat  of 
potafh.  From  other  fimilar  experiments  M. 
Thouvenel  afcertained  that  in  clofe  confined 
fituations  where  there  was  hardly  any  circula- 
tion of  air,  and  on  the  other  hand  that  in  places 
where  the  external  air  palled  in  a free  current, 
the  produ£lion  of  nitre  was  by  no  means  fo 
copious  as  where  the  putrid  fumes  remained  for 
a long  time  In  contaft  with  the  chalk,  and 
were  only  occafionally  diluted  with  atmofpheric 
air.  In  thofe  places  moft  favourable  to  the 
generation  of  nitre  were  expofed  together  with 
the  veffels  containing  chalk,  others  with  a like 
quantity  of  quicklime,  with  magnefia  both  mild 
and  cauftic,  with  earth  of  alum  and  with  the 
fixed  alkalies  both  mild  and  cauftic.  They 
xvere  all  examined  after  the  expiration  of  8 
months:  the  faline  contents  of  the  chalk  we 
have  juft  mentioned;  the  quicklime,  the  cauftic 
and  mild  magnefia  afforded  from  6 to  7 grs.  of 


earthy  nitrat  mixed  with  a little  ammoniacal 
nitrat;  the  earth  of  alum  yielded  a ftill  fmaller 
proportion  of  nitrat,  and  th^xed  alkalies  none 
at  all.  The  refults  of  thefe  experiments  being 
afcertained,  another  feries  was  undertaken  and 
condu6led  In  the  following  manner.  An  earth- 
en cucurbit  was  fitted  to  a very  large  receiver 
of  the  fame  materials  pierced  with  a few  fmall 
holes  fo  as  to  allow  of  a partial  communication 
between  its  contents  and  the  outer  air:  in  the 
cucurbit  was  put  fome  putrid  blood,  and  in  the 
receiver  were  placed  open  veffels  containing  a 
few  ounces  of  lime,  magnefia,  earth  of  alum, 
and  the  fixed  alkalies  both  mild  and  calcined: 
21  other  receivers  furnifhed  in  the  fame  manner 
were  connected  with  cucurbits  charged  with 
various  putrefcent  mixtures.  The  gas  as  it  was 
difengaged  from  the  materials  in  the  cucurbit 
paffed  into  the  receiver  mixing  with  the  atmo- 
fpherical  air,  and  furrounding  the  inclofed 
earth  and  alkalies.  After  this  procefs  had 
been  continued  for  a year  or  more  the  contents 
of  the  receivers  were  examined;  in  all  of  them 
the  chalk  was  found  to  contain  nitrat  of  lime 
but  varying  in  proportion  from  one  to  5 grains 
per  oz.  The  quicklime,  the  magnefia  and 
earth  of  alum  in  moft  of  the  experiments  had 
acquired  no  nitric  acid,  but  In  fome  a little 
earthy  nitrat  was  formed.  The  fixed  alkalies, 
as  in  the  former  experiments,  had  acquired  no 
nitric  acid  whatever.  It  was  further  obferved 
that  although  the  chalk  In  moft  of  the  experi- 
ments fliowed  figns  of  nitrification  in  about  a 
month’s  time  and  proceeded  rapidly  fer  the 
firft  three  months,  yet  after  this  period  the 
progrefs  was  very  flow,  no  doubt  becaufe  the 
oxygen  of  the  atmofpheric  air  originally  con- 
tained In  the  receivers  having  been  confumed, 
the  gradual  pouring  in  of  putrid  gas  from  the 
cucurbit  almoft  entirely  preventing  the  external 
air  from  entering  through  the  fmall  holes  that 
had  been  drilled  for  this  purpofe. 

It  appearing  from  the  above  experiments  that 
the  fixed  alkalies  and  the  alkaline  earths  them- 
felves when  cauftic  are  very  little  capable  of 
abforbing  nitric  acid  from  a mixture  of  putrid 
gas  and  atmofpheric  air,  M.  Thouvenel  was 
induced  to  try  whether  this  was  owing  to  any 
change  produced  on  the  putrid  gas  by  thefe 
bodies.  For  this  purpofe  having  charged  a 
retort  with  putrefying  materials,  he  connected 
with  It  three  receivers  in  the  manner  of  Woulfe 
bottles,  the  laft  of  which  terminated  in  a tube 
communicating  with  a pneumatic  apparatus. 
Four  different  fets  of  this  apparatus  were  em- 
ployed at  the  fame  time.  In  the  firJft  of  thefe. 
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the  two  receivers  neareft  the  retort  were  charged 
with  four  ounces  of  chalk  difFufed  in  diftilled 
water,  while  the  third  receiver  contained  a 
folution  of  cauftic  potafh.  In  the  fecond  fet 
the  two  firfl  receivers  contained  diftilled  water, 
and  the  laft  was  charged  with  the  wafhed  chalk. 
In  the  third  fet  the  two  firft  receivers  contained 
limewater;  and  in  the  fourth  fet  a folution  of 
cauftic  potafh,  the  third  receiver  in  both  cafes 
holding  the  chalk.  They  were  all  equally  expofed 
to  the  fame  temperature,  namely,  from  74°  to 
80°  Fahr.  for  fix  months,  and  the  changes  which 
their  contents  had  undergone  were  then  exa- 
mined. 

The  chalk  in  the  firft  apparatus  afforded  26 
.grs.  of  nitrat  of  lime  mixed  with  a little  nitrat 
of  ammonia;  the  potafh  in  the  third  receiver 
had  become  faturated  with  carbonic  acid  and 
had  partly  cryftallized  on  the  fide  of  the  receiver, 
but  contained  no  nitre. 

In  the  fecond  apparatus  the  water  of  the  two 
firft  receivers  had  acquired  a very  putrid  fmell 
from  the  gas  which  had  paffed  through  it,  and 
contained  a little  ammonia  but  afforded  no 
nitrous  fait  on  evaporation : the  chalk  in  the 
third  receiver  afforded  by  lixiviation  no  more 
than  4 grains  of  nitrated  lime. 

In  the  third  apparatus  the  lime  water  had 
depofited  its  earth  in  tlie  ftate  of  carbonat,  and 
the  fupernatant  fluid  had  a ftrong  odour  refem- 
bling  ammonia  and  putrid  garlic:  by  evaporation 
it  yielded  5 or  6 grains  of  nitrated  ammonia. 
The  chalk  in  the  third  receiver  gave  only  a 
flight  trace  of  nitrat  of  lime. 

In  the  fourth  apparatus  the  potafh  was  cryf- 
tallized but  contained  no  nitre:  with  fulphuric 
acid  it  efl'ervefced  ftrongly,  giving  out  a very 
pungent  and  highly  fetid  gas:  the  chalk  in  the 
third  receiver  gave  no  indications  whatever  of 
the  prefence  of  any  nitrous  fait. 

The  gas  remaining  in  the  receivers  and  col- 
le£l:ed  in  the  pneumatic  apparatus  was  in  all 
the  four  experiments  found  to  be  flightly  in- 
flammable, although  when  rifing  from  the 
putrefying  materials  it  extinguifhed  a taper 
immerfed  in  it.  This  putrid  inflammable  gas 
was  incapable  by  itfelf  of  nitrifying  chalk,  but 
when  mixed  with  wafhed  atmofpheric  air,  car- 
bonic acid  foon  made  its  appearance,  and  then 
the  gas  became  capable  of  impregnating  chalk 
with  nitrous  acid  as  at  firft. 

The  aljove  experiments  were  undertaken 
when  pneumatic  chemiftry  had  as  yet  made  but 
little  progrefs,  and  therefore  the  dedudfions 
from  them  are  by  no  means  equivalent  to  the 


labour  and  time  employed  in  carrying  them  on : 
it  appears  however  that  we  may  legitimately 
draw  the  following  conclufions.  In  the  firft 
place  the  formation  of  nitric  acid  from  animal 
matter  in  putrefadlion,  is  not  owing  to  atmof- 
pheric air  being  prefented  to  the  azot  when  jn 
a nafcent  ftate,  for  this  change  takes  place  after 
the  azot  and  other  gazefiable  fubftances  have 
adfually  aflumed  the  elaftic  form.  Secondly, 
the  elements  of  the  putrid  gas  are  carbonic 
acid,  azot,  hydrogen  and  carbon,  not  mixed 
but  combined  together  though  weakly : this 
combination  is  in  part  deftroyed  by  mere  wafb- 
ing  in  water,  but  more  compleatly  by  the  a£l:ion 
of  thofe  alkaline  bafes  that  are  not  compleatly 
faturated  V’ith  carbonic  acid  ; when  the  car- 
bonic acid  is  abftradfed,  the  further  decom- 
pofition  of  this  gas  by  ^atmofpheric  air  tends 
more  to  the  produ(ffion  of  ammonia  and  car- 
bonic acid  than  of  nitric  acid.  Wafhed  chalk 
after  being  thus  nitrified  often  contains  a little 
nitrat  of  potafh  as  well  as  nitrated  lime  : it  does 
not  however  hence  neceffarily  follow  that  pot- 
afh is  alfo  a produdf  of  putrefa£fion  ; for  it 
may  poffibly  pre-exift  in  the  chalk  in  a ftate 
infoluble  in  water,  as  it  does  in  leucite,  in  the 
alum  ore  of  La  Tolfa,  and  other  minerals.  The 
important  praiftical  conclufion  to  be  deduced 
from  thefe  experiments  is  that  the  only  alkaline 
fubftance  to  be  admitted  in  the  compofition  of 
nitre  beds  is  mild  calcareous  earth. 

Chalk  however  is  not  only  capable  of  being 
nitrified  by  expofure  to  the  combined  a£lion 
of  atmofpheric  air  and  putrid  gas,  but  alfo 
by  means  of  the  atmofpheric  air  alone.  On 
this  fubje£l:  there  are  fome  experiments  by 
Lavoifier  and  Clouet,  much  to  the  purpofe.' 
The  village  of  Roche  Guyon  on  the  Seine, 
is  fituated  on  a ridge  of  chalk,  which  having 
the  character  of  nitrifying  fpontaneoufly  by  ex- 
pofure to  the  air,  was  on  this  account  vifited 
and  particularly  examined  by  the  able  chemifts 
juft  mentioned.  In  order  to  afcertain  whether 
this  chalk  before  the  adtion  of  the  air  con- 
tained any  nitrous  fait,  feledtion  was  made  of 
a part  of  the  rock  which  had  recently  been  laid 
bare  by  the  falling  down  of  a large  mafs.  In 
this  newly-expofed  face  of  rock,  a gallery  had 
been  driven,  of  which  the  further  extremity- 
had  been  excavated  , only  two  or  three  days 
before.  In  order  to  render  the  experiment  as 
unexceptionable  as  poffible,  about  a foot  more 
of  chalk  was  removed  from  the  extremity  of 
the  gallery,  after  which  a fpecinien  of  the 
weight  of  i2|  lbs.  was  dug  out,  and  fubjedied 


* Mem.  Etrang,  de  I’Acad.des  Sci.  xi.  p.  503. 
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to  hxiviation ; by  evaporation  of  the  fluid  there 
were  depofited  4 grains  of  muriated  foda ; and 
the  fmall  refidue  of  mother  water  afforded  by 
the  addition  of  carbonated  potafti  53  grains  more 
of  fait,  which  appeared  to  be  muriat  of  potafh, 
with  perhaps  a flight  admixture  of  nitre,  for 

p'o^aT}^"""^  

!^tafh  of  Potalh  and  a little  nit 


although  It  did  not  detonate  in  the  fmallcft 
degree  with  charcoal,  yet  by  fulphuric  acid 
it  gave  out  acid  fumes,  in  which  the  odour  of 
nitro-muriatic  acid  was  juft  perceptible. 

Hence  100  French  lbs.  of  this  chalk  afford 

gros.  grains. 

- - - - o — 32 

; - - - 5 — 64 


6 — 24 


A fimilar  fpecimen  was  taken  with  the  fame  precautions  from  an  adjoining  gallery  and  lixiviated, 
the  faline  contents  of  which  calculated  on  100  lbs.  amounted  to 
without  \ Selenite  in  fmall  quantity 

Potafti  / Mother  water,  which  gave  gtos.  grains, 

with  \ Impure  nitre  - --  --  --  --  - o — 68 1- 

Potafti  J Muriat  of  potafti  - --  --  --  --  i — 38 

2 — 34f  , 


Another  fpecimen  of  chalk,  taken  from  near  the  fummit  of  a rock  after  having  removed  the 
furface  to  the  depth  of  about  two  feet,  afforded  by  lixiviation  from  too  lbs. 


without  1 A little  felenite 

Potafti  / Mother  water,  which  gave  oz.  gros.  grains- 

with  1 Nitre  - --  --  --  --  i — 2 — 24 

Potafti  / Muriated  potafti  - --  --  - o — i— • lof 


I — 3 

A fpecimen  of  chalk  taken  from  the  middle  of  a rock,  after  having  removed  the  furface  to  the 
depth  of  two  feet,  afforded  from  100  lbs. 


without  1 A little  felenite 

Potafti  / Mother  water,  which  gave  oz.  gros.  grains, 

with  1 Nitre  ---------  5 — 3 — 192 

Potafti  j Muriat  of  potafti  - --  --  - o — i — 70 


5 — 7 — 

A ftiallow  cave  that  had  been  dug  out  of  the  chalk  rock  a confiderable  time  before,  was 
obferved  to  be  lined  with  faline  efflorefcences : after  the  outer  furface  had  been  removed  te> 
the  depth  of  three  inches,  a fpecimen  was  taken,  which  afforded  from  100  lbs. 


without 
Potafti 
with  1 
Potafti  J 

1 Nitre  ------ 

1 Mother  water,  which  gave 

!>  Nitre  ------ 

lbs. 

0 — 

0 — 

oz.  gros.  grains. 

10  — I — 52f 

10  — I — ¥ 52x 

I — 

1 

w 1 
1 

^ 1 
Ck)  1 

i 
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The  cfflorefced  furface  to  the  depth  of  three  inches,  of  the  fame  cave,  afforded 


lbs. 

oz. 

gros. 

grains, 

without  1 

[Nitre  ------- 

I — 

5 

— 7 

— 3» 

Potaflh  J 

[ Mother  water,  which  gave 

with  1 

1 Nitre  ------- 

3 — 

I 

— 3 

— 24 

Potafli  J 

1 Muriat  of  Potafli  - - - 

0 — 

12 

— 6 

— 66 

5 — 

4 

— I 

— 49 

A fpecimen  from  another  fhallow  cave,  after  the  outer  furface  to  the  depth  of  between  three 
and  four  inches  had  been  removed,  afforded  from  loo  lbs. 

lbs.  oz.  gros.  grains. 

without  \ Nitre  - --  --  --  o — g— -o~  o 

Potafli  J Mother  water,  which  gave 

with  "1  Nitre  - --  --  --  i — p — 4 — 8 

Potafli  J Muriat  of  potafli  - --  o — 5 — 4 — 51I 

2 _ -7  _ o — 59I 


Hence  it  appears  that  the  chalk . compofing 
thefe  rocks,  though  perhaps  not  abfolutely  and 
entirely  deftitute  of  nitric  acid  even  at  their 
centre,  is  much  more  abundant  in  this  fubflance 
in  proportion  as  it  is  fituated  near  their  furface, 
and  that  the  perfect:  nitre  or  nitrat  of  potafli  is 
only  found  near  the  furface  of  the  chalk : a 
circu  in  fiance  which  feems  to  fliow  that  both 
the  acid  and  alkali  hav<»  been  either  depofited 
from  the  air,  cr  formed  by  the  contafl  of  this 
latter  with  the  chalk.  In  confirmation  of  this 
dedudlion  may  be  mentioned  an  experiment  by 
the  Due  de  la  Rochefoucault,  who  lixiviated  a 
confiderab'e  quantity  of  chalk,  fo  as  to  dilfolve 
out  its  faiine  contents,  and  then  expofed  it  to 
the  a£liv)n  of  the  air  for  fourteen  months, 
during  which  period  it  had  acquired  not  only 
nitric  acid  but  potafli,  fince  the  liquor  of  the 
fecond  lixiviation  depofited  by  evaporation  a 
little  nitre,  and  afterguards  a confiderable  quan- 
tity more  on  the  addition  of  potafli.  Thefe 
fadts  having  never  been  called  in  queflion,  the 
next  inquiry  that  occurs  is  whether  the  atmof- 
phere  funiifhes  the  entire^  nitric  acid  or  only 
one  of  the  conftituent  parts  of  it  ? That  this 
latter  is  the  cafe  might  be  inferred  from  the 
frequent  occurrence  of  organic  remains  and 
impreflions  in  chalk,  whence  this  mineral  may 
be  fuppofed  to  be  by  no  means  deftitute  of 
animal  matter.  Againft  this  however  there  may 
be  alleged  a diredt  experiment  by  M.Thouvenel, 
who  on  expofing  fome  waftied  chalk  for  fix  or 
feven  months  to  a portion  of  atmofpheric  air 
confined  in  a large  receiver,  and  previoufly  well 
Viewed  in  diftilled  water,  found  that  not  an 


atom  of  nitrat  of  lime  was  generated  ; while  in 
a fimilar  experiment  in  which  waflied  chalk 
was  expofed  to  unwaJJjed  air,  a very  fenfible 
quantity  of  nitrated  lime  was  produced.  Now 
the  wafliing  could  not  feparate  the  azot  or 
oxygen,  though  it  might  and  no  doubt  would 
take  away  any  nitric  acid  ready  formed,  or 
any  nitrous  fait  that  might  be  contained  in  tlic 
atmofphere.  It  is  obferved  of  thefe  chalk  rocks 
that  thofe  parts  that  are  adjacent  to  inhabited 
buildings  yield  a greater  proportion  of  nitrat  of 
pota/h  than  thofe  which  are  at  a diftance  from 
houfes ; a circumftance  that  feems  to  point  out 
a probable  fource  of  the  alkali  without  fuppofing 
it  to  be  generated  either  in  the  air  or  chalk. 
It  is  well  known  that  the  common  fuel  in  France 
is  wood,  therefore  the  air  in  the  vicinity  of 
houfes  muft  be  more  or  lefs  impregnated  with 
pyroligneous  acid  contained  in  the  wood  fmoke  ; 
but  the  acid  vapour  that  flies  off  in  the  com- 
mon method  of  preparing  charcoal  (and  which 
is  no  other  than  pyroligneous  acid)  when  col- 
le£Ied  in  a proper  apparatus  condenfes  into  a 
four  liquid  from  which  by  gentle  evaporation 
a black  refidue  is  procured  that  yields  by  incin- 
eration a large  proportion  of  potafli,  as  we  have 
fhewn  in  our  account  of  that  fubftance,  in  the 
article  Carbonat  of  Potash. 

It  only  remains  to  give  an  account  of  the 
extradlion  of  nitre  from  the  earths  in  which  it 
is  contained,  and  of  the  purification  of  this 
fait. 

The  firft  thing, is  to  affay  the  earth.  This 
is  done  by  lixiviating  a few  pounds  of  it,  and 
adding  to  the  liquor  thus  obtained  as  much 
X 2 
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of  a folution  of  common  potafli  of  a known 
ftrength,  as  is  fufficient  to  decompofe  all  the 
earthy  falts.  From  this  aflay  the  quantity  of 
alkali  required  is  eafdy  calculated. 

The  next  procefs  is  the  lixiviation  j which  is 
performed  in  the  following  manner.  Several 
cart-loads  of  nitrous  earth  are  mixed  as  accu- 
rately as  poffible  with  the  requifite  quantity  of 
alkali,  either  in  the  form  of  wood-afhes  or  pul- 
verized potafh.  Several  large  calks  with  perfo- 
rated falfe  bottoms  are  then  filled  with  the 
prepared  earth  laid  on  very  lightly ; after  which 
as  much  river  water  is  poured  in  as  the  veflels 
will  hold.  In  two  or  three  hours  time  the  cock 
at  the  bottom  of  each  calk  is  turned,  and  the 
liquor  is  allowed  to  drain  out  during  the  re- 
mainder of  the  day.  The  calks  of  a fecond 
feries  charged  with  earth  as  before, are  now 
filled  up  with  the  firll  lixivium,  and  after  Handing 
for  a few  hours  the  liquor  thus  concentrated 
is  drawn  olF  in  the  manner  juft  defcribed.  By 
a fimilar  procefs  on  the  third  day  a lixivium 
thrice  as  llrong  as  the  firll  is  obtained,  which 
is  now  fulficiently  concentrated  to  be  boiled 
down.  The  contents  of  each  feries  of  calks 
are  lixiviated  twice  more,  and  the  weak  folu- 
tions  thus  obtained  are  employed  inftead  of 
water  in  the  firft  and  fecond  lixiviations  of  freflr 
parcels  of  earth. 

The  boiling  down  and  evaporation  next  fuc- 
ceeds.  The  lixivium,  containing  nitrat  of  pot- 
alh,  the  muriats  of  potallr  and  foda,  witlr  pro- 
bably a few  other  falts,  and  various  earthy 
and  other  impurities,  is  put  into  a large  boiler 
like  a falt-pan,  and  heated  nearly  to  ebullition ; 
it  is  then  clarified  by  the  addition  of  bullock’s 
blood,  or  a folution  of  glue,  the  impurities  as 
they  appear  on  the  furface  being  carefully  Ikim- 
med  off ; when  no  more  frbth  rifes  of  itfelf  a 
little  lime-water  Is  added,  which  coagulates  the 
remainder  of  the  blood  and  glue,  and  thus  corn- 
pleats  the  clarification.  It  is  now  boiled  for 
feveral  hours,  and  the  muriats  of  potafti  and 
foda  as  they  depofit  are  withdrawn  by  a perfo- 
rated ladle.  When  the  liquor  is  fo  concentrated 
that  a few  drops  cryftallize  readily  on  being 
dropped  on  a cold  iron,  it  is  laded  out  into  a 
vat,  where  it  remains  half  an  hour  to  depofit 
the  confmoff  fait  and  Impurities  ftill  floating  in 
it : hence  it  is  transferred  to  large  v/ooden  or 
metallic  cryftalUzing  bafons,  where  it  remains 
clofe  covered  up  during  from  three  to  fix  days, 
according  to  the  temperature  of  the  air  ; at  the 
expiration  of  this  period  the  fluid  mother  water 
is  poured  out  and  returned  to  the  nitre  bed, 
»nd  the  fait  depofited  in  a confufcd  cryftalline 


mafs  of  an  opake  dirty  white,  is  broken  t« 
pieces  and  fet  to  drain,  after  which  it  is  brought 
to  market  or  delivered  in  to  the  government 
ftores,  as  rough  nitre  or  nitre  of  the  firft 
boiling. 

In  order  to  refine  the  rough  nitre,  the  ancient 
pra£lice  was  to  fubje£l  it  to  two  more  fucceffive 
boilings  and  cryftalllzations ; by  this  method 
however  a very  confiderable  proportion  of  the 
nitre  was  left  in  the  mother  waters,  no  incon- 
fiderable  fhare  was  volatilized  by  the  heat  re- 
quired for  evaporating  the  folution  when  it  had 
nearly  acquired  the  due  degree  of  concentra- 
tion, and  befides  a great  expence  both  of  time 
and  fuel  was  incurred.  The  modern  method 
of  refining  this  fait  was  invented  in  France  a 
few  years  ago,  and  is  now  confidered  as  brought 
nearly  to  perfedlion.  It  is  thus  effe£led  : 

The  rough  nitre  is  broken  to  fmall  fragments 
by  wooden  mallets,  and  is  then  put  into  a 
wooden  tub  with  20  per  cent,  by  weight  of  cold 
water ; in  this  ftate  it  remains  for  fix  or  feven 
hours,  being  occafionally  well  ftirred  up,  that 
the  water  may  have  free  accefs  to  every  part. 
The  water  is  now  let  out  by  a hole  at  the  bot- 
tom of  the  vefl'el,  and  carries  with  it  in  folution 
all  the  deliquefcent  falts,  and  the  greatell  part 
of  the  muriats  of  foda  and  potafh,  together  with 
fome  nitre.  When  the  whole  of  the  liquor  is 
drained  off  10  per  cent,  more  of  water  is  added, 
and  well  mixed  wdth  the  nitre  for  an  hour’s 
time,  when  it  is  difeharged  In  the  fame  manner 
as  the  firft.  Laftly,  5 per  cent,  of  water  is 
poured  in  and  run  off  again  almoft  immediately 
after.  The  nitre  thus  wafl.ed,  after  being  well 
drained,  is  put  into  a boiler  with  half  its  weight 
of  water,  and  boiled  till  a pellicle  forms  on  its- 
furface  ; the  liquor  is  then  difeharged  into  a 
large  leaden  cooler,  and  ftirred  about  with  rakes, 
till  it  is  quite  cold,  by  which  manipulation  the 
fait  is  depofited  In  fmall  cryftalline  needles.. 
It  is  now  taken  out  of  the  liquor  with  a perfo- 
rated ladle  and  well  drained  : after  which  it  is 
wafhed  with  5 per  cent,  of  cold  water,  and  again 
drained  : being  then  fpread  out  on  a large  table 
it  dries  in  a few  hours,  and  is  laftly  heated  over 
a fire  In  large  bafons  for  two  or  three  hours,  at; 
a temperature  not  exceeding  i2o*  Fahr.  taking- 
care  to  flir  It  all  the  while;  by  this  treatment, 
it  is  perfeclly  purified  and  brought  to  the  con— 
fiftence  of  fine  fand,  and  is  now  ready  to  be 
manufa£lured  Into  gunpowder. 

Nitrat  of  Soda.  Cubic  or  Rhomboidal 
Nitre. 

This  fait  cryftallizes  in  rhomboids  or  oblique 
quadrilateral  prifms.  Its  flavour  is  fimilar  to 
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that  of  common  nitre,  except  that  it  is  fome- 
what  more  bitter.  It  does  not  appear  to  occur 
native,  but  may  readily  be  prepared  by  fatu- 
rating  nitric  acid  with  carbonated  foda  and  then 
evaporating  the  folution  to  a pellicle : the  cryf- 
tals  are  depofited,  as  the  liquor  cools. 

When  placed  on  a hot  coal  it  firfl;  llightly 
decrepitates  and  is  then  decompofed  like  com- 
mon nitre,  only  with  not  fo  vigorous  a deto- 
nation. By  expofure  to  the  air  it  becomes  foft 
and  moift,  without  however  abfolutely  deli- 
quiating. 

It  is  foluble  by  thrice  its  weight  of  cold 
water,  and  ii>  lefs  than  its  weight  of  boiling 
water.  It  is  decompofed  by  the  fulphuric  and 
other  acids  with  the  fame  phenomena  as  com- 
mon nitre ; it  is  alfo  decompofed  by  potafli  and 
barytes,  cauftic  foda  being  liberated. 

It  is  compofed  according  fo  Kirwan  of 
53.21  Nitric  acid 
40.58  Soda 
6.21  AVater 


ICO. 


Nitrat  of  foda  is  not  applied  to  any  ufe. 

Nitrat  of  Ammonia.  Nitrum  Flammans 
of  the  older  chemifts. 

This  fait  is  feldom  if  ever  found  native,  and 
Is  produced  in  the  laboratory  by  faturating  dilute 
nitric  acid  by  carbonat  of  ammonia,  and  evapo- 
rating. If  the  evaporating  heat  does  not  ex- 
ceed 100°,  the  liquor  on  cooling  fhoots  Into 
tranfparent  cryftals  in  the  fhape  of  fix-fided 
prifms,  terminated  by  long  fix-fided  pyramids. 
But  if  evaporated  at  the  heat  of  boiling  water, 
it  yields  on  cooling  thin  fibrous  cryftals,  or  If 
the  evaporation  be  carried  nearly  to  drynefs,  the 
whole  concretes  into  a compadl  fliapclefs  mafs. 

Mr.  Davy » infers  thefe  three  varieties  of 
nitrat  of  ammonia  to  be  compofed  as  follows  : 
200  grains  of  folution  of  pure  ammonia  con- 
taining 50.5  grains  of  alLali  faturated  385.5 
grains  of  nitric  acid  of  1306  fp.  gr.  containing 
190  grains  of  real  acid,  eftimated  in  the  way 
mentioned  under  that  article.  This  mixture 
evaporated  at  212°  gave  254  grains  of  fibrous 
nitrat  of  ammonia.  But  from  comparing  the 
fpecific  gravity  of  the  mixture  before  evapora- 
tion with  that  of  a folution  of  another  equal 
portion  of  the  fibrous  fait,  it  was  found  that 
i grains  of  the  fait  were  dlffipated  during  the 
evaporation.  The  quantity  of  water  in  the 
254-f-S  grains  of  the  fait,  was  21.5  grains,  and 
hence  100  parts  of  the  fibrous  fait  are  compofed 
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of  about  72.5  nitric  acid,  19.3  ammonia,  and  8.2 
water. 

The  prifmatic  fait  (or  that  produced  by  gentle 
evaporation  at  a heat  not  exceeding  100°)  is 
compofed  of  about  69.5 cf///.  of  acid,  18.4 
of  ammonia,  and  12.  i of  water. 

The  other  variety,  the  compadt  fait  made 
by  evaporation  to  drynefs  at  a heat  not  ex- 
ceeding 300“  contains  according  to  this  able 
chemift  74.5  of  acid,  19.8  of  alkali,  and  5,7  of 
water.  Some  of  the  fait  is  dilfipated  during 
evaporation. 

In  thefe  three  varieties  the  quantity  of  alkali 
bears  nearly  the  fame  proportion  to  the  acid, 
and  the  difference  is  chiefly  in  the  water  of  cryf- 
tallization.  During  evaporation  of  the  folution 
at  a heat  below  100°  fcarcely  any  lofs  of  fait  is 
detected  j at  212*  the  lofs  Is  about  3 or  4 grains 
per  cent,  and  at  the  boiling  point  of  the  faturated 
folution  (which  is  many  degrees  higher)  the 
lofs  is  about  4 to  6 grains  per  cent. 

This  fait  may  alfo  be  made  by  the  decompo- 
fition  of  fulphat  of  ammonia  by  nitre.  Nitrat 
of  ammonia  and  fulphat  of  potafli  are  formed, 
and  if  no  more  nitre  be  added  than  is  fufficient 
for  the  decompofition,  a judicious  evaporation 
and  cryftallization,  two  or  three  times  repeated, 
will  feparate  thefe  two  falts  almoft  entirely. 
Mr.  Davy  eftimates  that  100  grains  of  fulphat 
of  ammonia  require  about  134  grains  of  nitre, 
and  yield  91  grains  of  compact  nitrat  of  am- 
monia. 

This  fait  is  deliquefeent  In  all  its  forms,  and  Is 
extremely  foluble  in  water.  Its  tafte  is  peculiar, 
and  very  pungent. 

When  the  dry  fait  is  heated  fuddenly  and 
ftrongly  (as  when  a fmall  quantity  is  dia)pped 
on  a red-hot  earthen  crucible)  it  inftantly  melts,, 
takes  fire  and  burns  with  great  ebullition  and 
hiffing,  and  a red-blue  flame,  but  witr.out  cxplo- 
fion,  with  nearly  the  fame  appearance  as  when 
a lump  of  nitre  is  thrown  on  hot  coals.  Nitrat 
of  ammonia  is  the  only  nitrat  that  deflagrates 
without  the  contact  of  any  carbonaceous  or  in- 
flarnmable  matter,  whence  the  immediate  decom- 
pofition  of  the  ammonia  may  be  inferred,  the 
hydrogen  of  the  alkali  furniflnng  inflammable 
matter  for  the  oxygen  of  the  nitric  acid,  fthls 
felf-inflaming  property  makes  it  neceffary  to 
ufe  caution  in  heating  any  dry  mixture  of  nitric 
acid  and  ammonia  in  clofe  veflels.  It  has  how- 
ever been  examined  in  this  way  by  Mr.  Davy, 
and  the  dry  diftillatlon  of  this  fait  is  now  parti- 
cularly interefting,  as  it  furnifties  that  cuiious 
gas  the  nitrous  ox'^.r 
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The  compacl:  dry  nitrat  of  ammonia,  heated 
without  addition  In  a fmall  glafs  retort,  with 
the  bulb  of  a thermometer  inclofed,  was  found 
to  undergo  little  or  no  change  at  a heat  below 
c6o°.  From  275*  to  300®  it  flowly  fublimes 
without  decompoution  or  without  becoming 
fluid.  At  320  it  becomes  fluid,  flowly  fubiimes, 
but  alfo  now  begins  to  be  decompofed  and  to 
give  out  gafleous  nitrous  oxyd.  From  this  the 
heat  may  be  fafely  raifed  to  about  440®,  at 
which  it  is  totally  refolved  into  the  gas,  and  is 
diflipated  without  leaving  any  refidue.  The 
prifmatic  and  fibrous  varieties  of  this  fait  as 
they  contain  more  water  of  cryftallization,  be- 
come fluid  below  300°,  and  if  not  heated  above 
430^,  they  part  with  this  w'ater  before  they  are 
decompofed  into  nitrous  oxyd.  The  further  pro- 
perties of  this  gas  will  be  defcribed  under  that 
article. 

Nitrat  of  Barytes. 

This  fait  is  prepared  artificially  by  diflblving 
in  dilute  nitric  acid  the  native  or  artificial  carlo- 
nat  of  barytes,  the  methods  of  procuring  which 
are  defcribed  under  that  article. 

On  evaporating  the  folution  and  cooling,  the 
nitrat  of  barytes  feparates  generally  in  regular 
odtohedrons.  This  fait  is  of  an  opake-white, 
hard,  and  not  deliquefeent.  It  is  one  of  the 
leaft  foluble  of  all  the  nitrats,  requiring  twelve 
times  its  weight  of  water  at  60°,  and  about  four 
parts  of  boiling  water.  Hence  nitric  acid  poured 
into  a concentrated  folution  of  muriat  of  bary- 
tes, will  caufe  an  immediate  vrhite  precipitate, 
which  however  is  refoluble  in  more  w'ater,  and 
is  nitrat  of  barytes. 

This  nitrai  is  compleatly  decompofed  by  heat, 
the  acid  is  driven  oft',  and  the  barytes  remains 
pure  and  cauftic,  as  already  mentioned  under 
the  article  Barytes. 

Nitrat  of  Lime. 

The  produftion  of  this  fait  in  calcareous 
buildings,  &c.  that  have  been  ufed  by  animals, 
and  its  intimate  connexion  wnth  the  manufadlure 
of  nitre,  has  been  fully  defcribed  under  the 
article  Nitrat  of  Potafs. 

Nitrat  of  lime  may  be  made  artificially  in 
great  purity  by  faturating  nitric  acid  with  white 
marble  or  calcareous  fpar.  This  folution  when 
evaporated  to  a very  thick  fyrupy  confiftence, 
cryftallizes  in  a cool  air  into  long  prifms  re- 
fembling  bundles  of  needles  diverging  from  a 
common  centre.  If  further  evaporated,  the 
folution  when  cold  concretes  into  a fibrous  and 
fliapelefs  mafs. 

This  fnlt  is  bitter  and  pungent.  It  dilTolves 
in  its  ov/n  weight  of  boiling  water,  and  twice  its 


weight  of  cold  water.  It  Is  very  deliquefeent. 
‘When  heated  per  fe,  all  the  water  and  acid  are 
driven  oft',  and  only  pure  lime  remains,  but  if 
the  heat  be  too  ftrong  it  vitrifies  with  the  cru- 
cible employed,  if  of  earth.  Lime  has  been 
faid  to  be  cryftallizable  in  this  way,  but  the  ex- 
periment has  not  fucceeded  with  many  accurate 
chemifts. 

Nitrat  of  Strontian. 

This  fait  is  readily  prepared  by  faturating 
dilute  nitric  acid  with  the  native  or  artificial 
carbonat  of  ftrontian  (either  of  which  it  readily 
diflblves)  and  evaporating  the  folution,  which 
forms  OiTohedral  cryftals  much  refembling  the 
nitrat  of  barytes  in  appearance,  but  much  more 
foluble,  requiring  only  five  parts  of  cold  water 
for  their  folution. 

This  fait  is  alfo  compleatly  decompofable  by 
heat,  and  the  ftrontian  is  left  pure,  fo  that  it 
may  readily  be  made  to  cryftallize,  as  will  be 
further  mentioned  under  the  article  Stjontisn. 

Nitrat  of  ftrontian  like  many  other  falts  with 
this  bafis  give  a red  flame  to  burning  alcohol. 

Nitrat  of  Magnesia. 

This  fait  when  cryftallized  aflumes  the  form 
of  rhomboidal  prifms  with  obliquely  truncated 
fummits  or  of  needles  for  the  moft  part  ad- 
hering to  each  other.  Its  fp.  gr.  is  — ^ 73- 
Its  tafte  is  pungent  and  bitter  like  that  of  ni- 
trated lime.  It  is  faid  by  Fourcroy  to  occur 
native  and  In  nitre  beds,  and  to  be  contained 
in  the  mother  water  of  nitre,  which  is  by  no 
means  improbable.  When  wanted  however  fur 
chemical  examination  it  is  prepared  by  fatu- 
rating nitrous  acid  with  magnefia  either  pure 
or  carbonated,  and  then  evaporating  the  folution 
to  an  oily  confiftence  and  fubfequent  cryftal- 
lization. 

Nitrat  of  magnefia  when  expofed  to  the  air 
attradls  moifture,  and  at  length,  though  flowly, 
is  refolved  into  a fluid.  If  heated  in  a crucible 
it  firft  melts  in  its  water  of  cryftallization,  and 
after  this  has  evaporated  it  becomes  dry.  On 
increafing  the  temperature  it  gives  out  a little 
oxygen  gas,  -which  is  prefently  fucceeded  by 
nitrous  vapour  and  nitrous  acid,  nothing  re- 
maining behind  except  the  earth  In  a ftatc  of 
purity. 

This  fait  is  foluble  in  its  own  weight  of  -water 
at  50°  Fahr.  and  in  a confiderably  frrialler  pro- 
portion of  boiling  water ; hence  it  depofits  cryf- 
tals by  cooling.  It  is  alfo  foluble  in  nine  times 
its  weight  of  alcohol. 

When  heated  with  combuftible  fubftances  it 
gives  out  a few  fparks,  but  cannot,  properly 
fpcaking,  be  faid  to  detonate. 
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NItrat  of  magnefia  is  decompofable  with  ab- 
ftradlion  of  its  acid  by  the  fixed  alkalies ; by 
barytes^  llrontian,  and  lime,  the  magnefia  in  all 
thefe  cafes  being  precipitated.  Ammonia  only 
in  part  decompofes  this  fait,  forming  with  the 
reft  a triple  compound,  the  ammoniaco-mag- 
nefian  nitrat.  The  fulphuric,  phofphoric,  and 
fluoric  acids,  with  many  of  their  neutral  falts, 
decompofe  nitrat  of  magnefia,  the  earth  com- 
bining with  the  added  acid.  If  to  a ftrong 
folution  of  this  fait,  nitrat  of  lime  alfo  in  denfe , 
folution  be  added,  a precipitation  of  the  mag- 
nefian  nitrat  takes  place,  being  deprived  of  its 
water  of  folution  by  the  nitr.it  of  lime. 

Its  component  parts  according  to  Kirwan  are 
46  Nitric  acid 
22  Magnefia 
32  Water 
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It  is  not  made  any  ufe  of. 

Ammoniaco-magnesian  Nitrat. 

This  fait  appears  in  the  form  of  flender  acicu- 
lar  prifms : to  the  tafte  it  is  bitter,  acrid,  and 
ammoniacal.  It  is  prepared  by  a partial  de- 
compofition  of  nitrat  of  ammonia  by  magnefia, 
or  of  nitrated  magnefia  by  ammonia,  or,  ftill 
better,  by  the  diredl  union  of  the  folutions  of 
nitrat  of  ammonia  and  nitrat  of  magnefia. 

By  long  expofure  to  the  air  it  attradls  a cer- 
tain quantity  of  moifture,  though  it  does  not 
deliquiate.  It  requires  eleven  times  its  weight 
of  water  at  the  ordinary  temperature  for  its 
folution,  but  a confiderably  fmaller  proportion 
of  boiling  water;  hence  this  latter  folution  de- 
pofits  cryftals  as  it  cools. 

It  is  not  decompofable  by  ammonia,  but  is 
fo  by  the  fixed  alkalies  and  by  all  the  alkaline 
earths,  even  magnefia ; the  ammonia  being  dif- 
engaged.  When  dropped  into  a red  hot  cru- 
cible it  undergoes  a flight  inflammation.  By 
expofure  to  a more  gradual  heat  in  a retort  it 
gives  out  oxygen  gas,  nitrous  vapour,  nitric 
acid,  azot  and  water,  the  ammonia  being  en- 
tirely decompofed ; pure  magnefia  remains  be- 
hind. 

It  is  compofed  according  to  Fourcroy  of 
78  Nitrat  of  magnefia 
22  Nitrat  of  ammonia 
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It  Is  not  made  any  ufe  of. 

Nitrat  of  Alumine. 

This  fait  is  ufually  of  a gelatinous  confiftence, 


fometimes  though  rarely  It  is  obtained  in  the 
form  of  foft  thin  pliable  cryftalline  plates.  To 
the  tafte  it  is  four  and  aftringent.  It  reddens 
blue  vegetable  colours  and  therefore  contains 
an  excefs  of  acid.  It  has  not  been  found  native 
but  may  be  prepared  by  digefting  pure  alumine, 
or  the  precipitated  earth  of  alum  in  nitric  acid. 
In  the  latter  cafe  the  earth  is  diflblved  with 
efFervefcence  on  account  of  a portion  of  carbon- 
ated alkali  remaining  in  it,  and  this  folution 
for  the  fame  reafon  is  more  readily  cryilallizable 
than  when  pure  alumine  is  employed.  By 
expofure  to  the  air  it  foon  deliquiatcs.  It  is 
very  foluble  in  water  either  hot  or  cold,  and  by 
evaporation  and  cooling  generally  takes  the 
confiftence  of  jelly.  It  produces  neither  flame 
nor  detonation  by  being  heated  with  combuf- 
tible  bodies.  When  diftilled  per  fe  the  acid 
flies  oft'  at  a moderate  temperature,  leaving  the 
earth  behind  in  a ftate  of  purity.  It  is  decom- 
pofable by  fulphuric  and  muriatic  acids  and  by 
all  the  alkaline  bafes.  It  is  not  made  any  ufe 
of. 

TGlycine.  See  Glycine. 

Nitrat  of<  Yttria.  See  Gadolinite. 
l_ZiRcoN.  See  Zircon. 

Nitrite  of  Potash,  or  Phlogijhcated  Nitre. 

We  have  already  mentioned  that  nitrous  acid 
is  compofed  of  nitric  acid  and  nitrous  vapour. 
Now  if  nitrous  acid  and  potafli  be  mixed  to- 
gether the  former  is  decompofed ; its  nitric 
acid  combines  with  the  alkali  forming  nitre, 
while  the  nitrous  vapour  aflumes  a gaffeous 
ftate  and  flies  off.  Hence  it  appears  that  no 
fuch  fait  as  nitrite  of  potafh  can  be  made  by  the 
direCl;  addition  of  its  ingredients.  We  are 
indebted  however  to  the  fagacity  of  Bergman 
and  Scheele  for  the  interefting  faft  that  if  com- 
mon nitre  be  melted  per  fe  and  kept  in  this  ftate 
till  part  of  its  oxygen  is  driven  oft’,  the  refidual 
fait  is  a proper  nitrite  of  potafti.  In  this  ftate 
it  deliquiates  by  expofure  to  the  air  and  is  de- 
compofable by  the  addition  of  vinegar  and  any 
of  the  ftronger  acids,  red  nitrous  vapour  being 
given  out.  Dr.  Thomfon  is  of  opinion  that 
nitrite  of  potafti  differs  from  the  nitrat  only  in 
being  fiiturated  wiih  nitrous  gas  ; if  this  be  the 
cafe  the  common  nitrite  ought  to  contain  an, 
excefs  of  alkali. 

It  is  made  no  ufe  of. 

Of  the  other  nitrites  nothing  Is  known  with 
any  certainty. 

NITROUS  GAS,  or  Nitrous  Air. 

This  fubftance  has  already  been  mentioned 
under  the  articles  Nitric  acid  and  Eudiomeir^, 
(to  which  we  ftiall  refer  our  readers)  and  many 
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of  its  properties  defcribed.  It  has  been  there 
Rated  to  be  an  oxyd  :f  azot,  or  to  confift  of  azot 
united  with  a certain  portion  of  oxygen  but  not 
fufficient  to  conftitute  nitric  acid.  On  the 
other  hand  there  is  another  fubflance  the  nitrous 
oxyd,  or  gajfeous  oxyd  of  azot  alfo  compofed  of 
azot  and  oxygen,  but  in  which  the  latter  is  in 
fmaller  proportion  than  in  nitrous  gas;  fo  that 
nitrous  gas  is  intermediate  between  the  two, 
and  being  readily  decompofable  by  a variety  of 
chcyiical  agents  (both  thofe  that  give  and  thofe 
that  take  away  oxygen)  the  produ£lion  of 
nitrous  oxyd  or  of  azot  on  the  one  hand,  and 
of  nitric  acid  on  the  other,  is  always  to  be  fought 
for  in  all  experiments  on  nitrous  gas. 

The  nature  of  this  gas  was  firfl  explained  by 
Dr.  P rieftley  who  fliewed  it  to  be  a conftituent 
of  nitric  acid,  and  Ihewed  honv  it  was  converted 
into  this  acid,  that  is,  by  union  with  oxygen, 
-and  hence  he  ingenioufly  applied  it  to  the 
analylis  of  air  containing  oxygen,  as  has  been 
already  defcribed  under  the  article  Eudiometry. 
Since  his  time  this  gas  with  all  its  varieties  has 
been  the  fubje£l:  of  a great  number  of  able 
refearches,  and  its  properties  have  been  very 
fully  explained. 

Nitrous  gas  is  obtained  moft  conveniently 
during  the  folution  of  fome  of  the  metals  in 
nitric  acid.  Mod  of  the  metals  are  a£fed  on 
by  this  acid  and  decompofe  it,  but  in  the 
procefs  fome  of  them  produce  nitrous  gas  nearly 
pure;  others,  a mixture  of  nitrous  gas  and 
nitrous  oxyd,  and  others  nitrous  oxyd  nearly 
pure.  The  degree  of  concentration  of  the  acid 
alfo  and  the  temperature  have  a great  efFeft  on 
the  gafl'eous  produft,  for,  when  thefe  are  fuch 
as  to  produce  a very  violent  a£l:ion,  red  nitrous 
vapour  is  alfo  given  out,  and  the  produ£ls  are 
different  from  thofe  that  occur  with  a flower 
adtion. 

Copper  and  mercury  are  the  metals  that 
produce  the  pureft  nitrous  gas.  Shreds  of 
copper,  or  a fmall  quantity  of  mercury,  fnould 
be  put  into  a bottle  with  a curved  tube  and  the 
bottle  nearly  filled  with  an  acid  of  fuch  ftrength 
as  to  a£t  moderately  faff  at  a heat  tolerable  to 
the  hand,  which  will  be  made  by  diluting  the 
concentrated  acid  with  about  three  parts  of 
water.  As  the  metal  diffolves,  the  nitrous  gas 
is  given  out,  and  after  a fmall  quantity  has  run 
to  wafte  to  difplace  the  air  of  the  veffel,  the  gas 
may  be  colledled  in  jars  over  water.  During 
the  procefs  a gentle  heat  may  be  ufed  to  haften 
the  produddion  of  gas.  By  this  method  nitrous 
gas  may  be  procured  fo  pure  as  not  to  contain 


more  than  -j-'g-  to  ys  of  impurity,  which  is 
azotic  gas.  According  to  Mr.  Davy  too  cubic 
inches  of  this  gas  at  qb”  therm,  and  30.9  bar. 
weigh  34.3  grains,  which  at  55°  therm,  and 
30  bar.  would  w'eigh  34.26  grains. 

. Nitrous  gas  therefore  is  heavier  than  common 
air,  according  to  Davy  in  the  proportion  of 
1101.6  to  1000.  ICO  inches  of  common  air 
weighing  3 1 . i in  the  fame  circumftances  in 
which  nitrous  gas  weighs  34.26. 

Nitrous  gas  is  to  a certain  degree  abforbablc 
by  water.  100  cubic  inches  of  the  pureft 
water  deprived  of  the  air  it  naturally  contains 
by  long  boiling,  and  cooling  over  mercury,  (that 
it  may  not  again  abforb  air  from  the  atmofphere) 
will  abforb  about  11.8  of  nitrous  gas  or  fome- 
what  more  than  -j-  of  its  bulk.  Common  fpring 
water  abforbs  a fmaller  quantity,  but  the  ab- 
forptioii  however  appears  lefs  than  it  really  is, 
as  the  gas  is  partly  decompofed  by  the  atmo- 
fphcr’cal  air  contained  in  all  natural  waters,  and 
the  azot  of  this  air  is  given  out,  whilft  its 
oxygen  forms  nitric  acid  with  the  abforbed 
nitrous  gas.  Water  faturated  vidth  nitrous  gas 
has  no  diftinguiflring  tafte,  and  if  the  w-^ater  be 
previoufly  boiled  and  cooled  over  mercury,  it 
fliews  no  acidity  by  the  moft  delicate  tefts. 
Mr.  Davy  finds  (contrary  to  the  opinion  of 
Humboldt,)  that  nitrous  gas  is  not  in  the  leaft 
altered  or  decompofed  by  folution  in  pure  water, 
and  that  it  is  again  totally  expelled  by  a boiling 
heat  unaltereeft 

Nitrous  gas  is  immediately  fatal  to  animals 
enclofed  in  it.  Mr.  Davy  had  the  raftmefs  to 
infpire  a fmall  quantity  of  it  which  gave  a very 
burning  aftringent  tafte  to  the  mouth  and  throat 
(owing  no  doubt  to  the  formation  of  nitrous 
vapour  by  union  with  the  common  air  in  thefe 
organs)  and  the  confequence  w^as  fevere  inflam- 
mation which  lafted  fome  hours. 

This  gas  diflblves  readily  in  many  of  the 
acids.  With  the  fulphuric  it  gives  a purple 
brown  colour,  and  when  in  the  form  of  nitrous 
vapour  It  caufes  this  acid  to  cryftallize.  The 
change  produced  in  the  conftltution  of  nitric 
acid  by  the  abforptlon  of  this  gas  has  been  fully 
detailed  under  this  article. 

The  habitudes  of  nitrous  gas  with  combuftible 
bodies  are  peculiar.  A taper  dipped  in  this  gas 
is  immediately  extinguiflied,  but  pyrophorus 
burns  wdth  increafed  flame,  as  Dr.  Prieftley 
difeovered.  Charcoal  is  flowly  confumed  in  it 
if  kept  at  a red  heat.  The  particulars  of  fome 
of  thefe  experiments  require  a further  notice,  as 
they  lead  to  determine  the  compofition  of  the  gat. 
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* Dr.  Prieflley  Inclofed  a piece  of  charcoal 
(recently  heated  llrongly  in  fand)  in  nitrous  gas 
and  threw  on  it  the  rays  from  a lens  for  a con- 
fiderable  time.  The  bulk  of  air  was  not  much 
diminiflied,  and  when  examined  it  was  found 
to  contain  little  or  no  fixed  air,  and  extinguilh- 
ed  a candle. 

The  fame  experiment  was  repeated  by  Mr. 
Davy.  The  volume  of  the  gas  after  the  heating 
of  the  charcoal  for  half  an  hour  was  increafed 
by  about  On  adding  a folution  of  pale 

green  fulphat  of  iron  (which  totally  abforbs 
nitrous  gas)  a diminution  of  only  -jV  of  the 
whole  took  place,  but  on  throwing  up  cauftic 
alkali  a rapid  abforption  enfued  and  the  gas 
was  reduced  to  half  its  original  bulk.  Part  of 
the  refidue  was  mixed  with  its  own  bulk  of 
oxygen  and  the  ele£l:ric  fpark  pafled  through, 
but  no  elFecT  took  place,  and  hence  it  was 
proved  to  be  pure  azot.  The  quantity  of  the 
latter  therefore  was  ellimated  to  be  the  whole 
of  the  azot  contained  in  the  nitrous  gas  em- 
ployed, and  the  proportion  of  oxygen  was 
inferred  from  the  carbonic  acid  produced,  and 
which  was  abforbed  by  the  alkali,  and  hence 
Mr.  Davy  infers  that  too  grains  of  nitrous  gas 
are  compofed  of  56.5  oxygen  and  43.5  azot. 

But  it  was  poffil  le  that  feme  nitric  acid 
might  have  been  generated  by  the  combuftion  of 
charcoal  in  the  gas  which  would  efcape  de- 
tection in  the  above  mode  of  analyfing,  to 
determine  which  the  experiment  was  repeated 
as  before,  and  fome  pale  green  fulphat  of  iron 
thrown  up  to  the  refidual  gas,  after  which  a 
few  drops  of  prufliat  of  potafh  were  added. 
Now  if  any  nitric  acid  had  been  generated  it 
would  have  been  abforbed  by  the  fulphat  of 
iron  and  reduced  a part  of  it  to  that  ftate  of  oxy- 
dation  in  which  it  gives  a blue  precipitate  with  the 
prufliat ; but  the  precipitate  was  ftill  white,  and 
hence  it  is  inferred  that  no  nitric  acid  was  pro- 
duced. 

^ Pyrophorus  was  found  to  burn  with  cafe  in 
nitrous  gas,  and  the  refidue  was  pure  azot. 
From  an  experiment  made  with  this  fubftance 
1 and  an  eftimation  of  the  refiduary  azot,  the 
j compofition  of  100  grains  of  nitrous  gas  would 
i be  53.4  of  oxygen  and  46.6  azot.  But  the 
decompofition  by  charcoal  appears  the  moft 
correft,  fo  that  on  the  whole  it  may  be  efti- 
j mated  that  100  grains  of  this  fubftance  contain 
56  of  oxygen  and  44  of  azot. 

Some  combuftible  fubftances  burn  in  nitrous 
gas  if  actually  in  vivid  combuftion  when  they 
' are  introduced,  but  cannot  be  brought  to  this 
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ftate  when  heated  in  ihe  gas.  Phofphorus  is  an 
example  of  this,  as  it  may  be  fufed  and  even  fubr- 
limed  in  nitrous  gas  without  change,  but  when 
already  inflamed  it  continues  to  burn  in  the  gas 
with  nearly  as  much  vividnefs  as  in  oxygen. 

Burning  fulphur  however  is  inftantly  extin- 
guiflied  in  nitrous- gas. 

The  eleClric  fpark  when  taken  repeatedly  i« 
nitrous  gas  over  water,  diminilhes  it  to  one 
fourth  of  its  original  quantity,'’  at  the  fame 
time  that  nitric  acid  is  produced,  litmus  en- 
clofed  in  it  being  ftrongly  reddened.  If  the 
electrization  be  carried  on  in  contaCl  with 
mercury  the  diminution  is  only  one  half;  and  a 
white  powder  is  obtained  which  is  the  nitrat  of 
this  metal.  The  air  remaining  after  the  utmoft 
effect  of  the  eleCtric  fpark  appears  to  be  pure 
azot.  This  decompofition  is  much  more  rapid 
than  the  formation  of  nitric  acid  by  the  electri- 
zation of  common  air  or  any  mixture  of  Ample 
oxygen  and  azot. 

In  this  procefs  Berthollet  conjeCtures  that 
nothing  is  added  or  taken  away  by  the  furround- 
ing bodies,  but  that  the  whole  change  takes 
place  in  the  nitrous  gas  itfelf  by  the  condenfation 
of  its  oxygen  into  one  portion  of  the  azot  to 
form  the  nitric  acid,  and  its  confequent  defertion 
of  the  other  portion.  Neither  inflammation  nor 
detonation  is  produced  by  paffmg  a ftrong  fhock 
through  a mixture  of  hydrogen  and  nitrous  gas. 

Mere  heat  does  not  produce  any  fenfible 
change  on  this  gas. 

Much  has  already  been  mentioned  under  the 
article  Eudiometry  concerning  the  abforption  of 
nitrous  gas  by  a folution  of  fulphat  of  iron, 
(firft  noticed  by  Dr.  Prieftley)  and  the  very 
elaborate  inveftigation  of  this  diflUcult  fubjeCl  by 
Humboldt  and  Vauquelin,  together  with  fome 
of  the  objections  brought  by  Berthollet  on  the 
fource  of  the  ammonia  formed  in  this  procefs. 
Others  of  equal  force  have  been  urged  by  Mr. 
Davy,  to  whofe  experiments  on  this  fubjeCt  we 
muft  refer  the  reader.  From  them  he  concludes 
that  the  red  or  fully  oxygenated  fulphat  of  iron 
has  little  or  no  affinity  with  nitrous  gas,  and 
that  the  common  green  vitriol  abforbs  nitrous 
gas  only  in  proportion  to  the  quantity  of  fub- 
oxygenated  or  green  fulphat  which  it  contains, 
(for  an  account  of  the  difference  between  thefe 
two  falts  fee  the  article  Iron)  and  that  at  a 
common  temperature  the  nitrous  gas  is  Amply 
'diffolved  therein  without  being  decompofed. 

A highly  concentrated  folution  of  green  ful- 
phat will  diffolve  about  12  times  its  bulk  of 
nitrous  gas. 

j).  )9.  * Prieftley. 
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The  fame  difFerence  as  exifts  between  the  red 
and  green  fulphat  of  iron  is  found  in  the  red 
and  pale  muriat  of  iron  and  fimilar  habitudes 
■with  nitrous  gasj  for  the  red  muriat  has  very 
little  a£lion  on  this  gas,  but  the  pale  muriat 
abforbs  it  with  ftill  more  eagernefs  than  the 
pale  fulphat.  This  muriat  is  formed  by  dif- 
folving  iron  filings  in  muriatic  acid,  taking  care 
to  keep  a quantity  of  undilTolved  metal  in  the 
folution,  and  preferving  it  in  a clofely  corked 
bottle.  This  folution  is  of  a pale  green  colour, 
and  gives  a white  precipitate  with  prufliat  of 
potalh.  One  cubic  inch  of  the  folution  highly 
concentrated  will  abforb  nearly  24  inches  of 
pure  nitrous  gas,  which  changes  the  colour  to  a 
very  dark  brown  but  produces  no  precipitate. 
The  folution  of  the  green  muriat  or  fulphat 
before  it  is  employed  to  abforb  nitrous  gas  for 
eudiometrical  purpofes,  fhould  be  boiled  for  a 
few  minutes  to  expel  the  fulphuretted  hydrogen 
which  it  may  contain. 

The  other  fa£ls  known  relating  to  its  de- 
cora pofition  will  be  mentioned  in  the  following 
article  of  nitrons  oxyd,  which  as  it  contains  lefs  ox- 
ygen than  nitrous  gas,  is  produced  by  the  action 
of  deoxygenating  fubftances  on  nitrous  gas. 

NITROUS  GAS  Etherized  is  a peculiar 
inflammable  gas  formed  by  the  mutual  adtion 
of  nitric  acid  and  alcohol.  See  Ether  nitrous. 

NI FROUS  OXYD,  or  Gajfeous  oxyd  of  azot. 
DephlogiJHcated  nitrous  dir  of  Dr.  Prieflley. 

This  gas  was  firft  difcovered  by  Dr.  Prieflley 
by  expofing  iron  to  nitrous  gas ; he  has  alfo  given 
a number  of  curious  experiments  on  the  mode  of 
its  formation  and  has  detailed  a great  number 
of  its  phyfical  and  chemical  properties.  From 
the  circumftance  of  its  fupporting  combuftion 
in  an  eminent  degree  (in  many  inftances  almofl; 
equal  to  oxygen  gas  in  this  refpe£l)  and  being 
produced  by  the  decompofition  of  nitrous  gas. 
Dr.  Prieflley  gave  it  the  name  of  dephlegijiicated 
nitrous  air,  but  as  this  term  is  founded  on  the 
doubtful  theory  of  phlogiflon,  and  as  it  might 
lead  to  the  miflake  of  fuppofing  that  this  gas 
really  contained  more  oxygen  than  nitrous  gas, 
Mr.  Davy’s  appellation  of  nitrous  oxyd  is  much 
to  be  preferred. 

Since  the  experiments  of  Dr.  Prieflley  this 
fubflance  has  been  the  fubje£l  of  very  careful 
refearch  by  the  Dutch  chemifls,  and  other 
philofophers,  and  in  particular  by  Mr.  Davy 
whofe  excellent  memoir  on  nitrous  oxyd  has 
almofl  fupplied  every  thing  that  the  great  dif- 
coverer  had  left  to  his  fucceflbrs. 

Nitrous  oxyd  is  a fubflance  compofed,  like 
nitrous  gas,  of  azot  and  oxygen,  but  in  which 


the  oxygen  Is  in  a fmaller  proportion,  fo  that 
In  this  refpe£l  it  holds  an  intermediate  place 
between  nitrous  gas  and  atmofpheric  air,  which 
lafl  is  the  leafl  oxygenated  of  all  the  Ample 
natural  combinations  of  thefe  two  elements. 
However,  though  nitrous  oxyd  contains  lefs 
oxygen  than  nitrous  gas,  the  mode  of  combina- 
tion appears  to  differ  confiderably  and  much  to 
influence  its  power  of  containing  combuftion 
and  other  chemical  properties. 

The  diftinguifhing  properties  of  nitrous  oxyd 
are  the  following : it  is  readily  abforbed  by 
water  to  about  half  the  bulk  of  this  fluid,  and 
the  folution  has  a fweetifh  tafte,  but  it  is  not  in 
the  leafl  degree  acid:  a candle  burns  in  it  with 
an  enlarged  flame  and  crackling  noife:  phof- 
phorus  a£lually  ignited  burns  in  it  with  nearly 
as  much  brilliance  as  in  oxygen  gas;  fulphur 
when  burning  in  the  common  way  with  a 
feeble  blue  flame  is  immediately  extinguifhed  in 
the  gas,  but  when  burning  vehemently  before 
introdu£lion,  the  combuftion  continues  with 
increafed  rapidity:  ignited  charcoal  burns  in  it 
nearly  as  in  oxygen  gas:  neither  oxygen  nor 
nitrous  gas  have  any  fenfible  effe£l  on  it  at  a 
common  temperature : animals  inclofed  in  the 
gas  foon  die,  but  it  may  be  breathed  when 
mixed  with  common  air.  Other  properties  of 
this  gas  will  prefently  be  mentioned,  but  the 
adlion  of  water,  of  combuftible  bodies,  and  the 
inaflion  of  oxygen  and  nitrous  gas,  will  fuffi- 
ciently  diftinguifh  it. 

Therefore  in  the  decompofitions  of  nitrous 
gas  the  quantity  of  nitrous  oxyd  produced  may 
be  found  by  agitating  the  refidual  gas  in  water. 
But  if  any  unaltered  nitrous  gas  remain  (which 
is  very  commonly  the  cafe,  and  is  fhewn  by  the 
diminution  and  red  fumes  with  oxygen  gas)  it 
muft  be  previoufly  abforbed  by  fulphat  or  muriat 
of  iron,  which  has  no  effedl  on  nitrous  oxyd, 
after  which  the  nitrous  oxyd  may  be  abforbed 
by  water,  and  the  remaining  gas  is  pure  azot. 

Nitrous  oxyd  has  never  been  found  native  nor 
has  it  been  dete£led  in  any  of  the  procelfes  of 
nature.  It  is  produced  artificially  in  feveral 
ways,  namely: 

ifl.  From  the  decompofition  of  nitrous  gas 
by  thofe  fubftances  which  abforb  its  oxygen. 

adly.  From  the  aftion  of  nitric  acid  on  many 
of  the  metals  under  particular  circumftances. 

3dly.  From  the  decompofition  of  nitrat  of 
ammonia  by  fimple  diftillation. 

Each  of  thefe  methods  Ihall  be  diftimfUy 
noticed. 

The  fubftances  that  abforb  oxygen  from 
nitrous  gas  are  many  of  them  thofe  that  abforb 
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oxygen  from  common  air,  fo  that  the  fame 
experiments  which  fucceed  in  common  eudio- 
metric  proceffes  will  often  convert  nitrous  gas 
into  nitrous  oxyd. 

The  fulphite  of  potafli  effefts  this  change 
with  greater  rapidity  than  any  other  fubftance. 
Mr.  Davy  found  that  at  temperature  46°,  16 
cubic  inches  of  nitrous  gas  were  converted  in 
lefs  than  an  hour  into  7.8  inches  of  nitrous 
oxyd  by  about  i®o  grains  of  pulverized  fulphite 
of  potalh,  retaining  its  water  of  cryftallization. 
This  appears  to  a£t  by  the  fimplell  polTible 
affinity,  namely  that  of  the  fulphite  for  that 
part  of  the  oxygen  which  makes  the  difference 
between  nitrous  gas  and  nitrous  oxyd.  The 
azot  with  which  nitrous  gas  is  always  mixed 
remains  unaltered. 

Nitrous  gas  expofed  to  dry  muriat  of  tin  is 
flowly  converted  into  nitrous  oxyd,  apparently 
by  the  fame  fimple  affinity  as  by  the  fulphites. 

All  the  dry  fulphurets  produce  the  fame 
change  on  nitrous  gas  in  about  the  fame  time 
that  they  would  require  to  deoxygenate  common 
air. 

Iron  filings  and  fulphur  mingled  together 
and  moiftened  produce  the  fame  effe£l  on 
nitrous  air,  and  the  change  is  effe£led  in  about 
twelve  hours. 

Iron  filings  alone  produce  the  fame  change, 
which  was  Dr.  Prieftley  s firft  experiment  by 
which  he  difcovered  this  gas. 

The  prefence  of  moifture  has  been  fuppofed 
neceffavy  to  the  fuccefs  of  the  experiment,  but 
this  does  not  feem  to  have  been  the  cafe.  Dr. 
Prieftley  filled  a half  pint  phial  with  nails  and 
then  with  quickfilver,  after  which  the  latter 
was  difplaced  by  nitrous  gas,  and  the  phial  was 
left  with  its  mouth  ftanding  over  mercury. 

No  moifture  was  intentionally  introduced 
here,  but  in  the  courfe  of  two  months  the  gas 
was  converted  into  nitrous  oxyd.  Dr.  Prieftley 
however  adds  that  when  the  procefs  is  carried  on 
over  water  the  change  is  effected  in  a few  days. 

VV  hen  dry  nitrous  gas  and  dry  fulphuretted 
hydrogen  are  mixed  together  over  mercury  a 
mutual  decompofition  flowly  takes  place.'  The 
gaffes  are  diminifhed,  fulphur  is  depofited, 
nitrous  oxyd  is  formed,  and  figns  of  the  pro- 
duftion  of  ammonia  and  water  are  perceived. 

As  the  fulphur  is  depofited  in  this  experi- 
ment, and  no  fulphuric  acid  produced,  the 
hydrogen  muft  be  the  foie  deoxygenating  agent, 
but  as  fome  ammonia  is  produced,  a portion  of 
the  azot  of  the  nitrous  gas  muft  alfo  be  feparated 
to  contribute  to  the  formation  of  the  alkali.  A 
' Davy. 


n ) 

part  of  the  hydrogen  therefore  appears  to  un!^e 
with  the  excefs  of  oxygen  of  the  nitrous  gas 
and  forms  water,  and  another  part  of  it  with  a 
portion  of  the  azot  of  the  nitrous  gas  forms  the 
ammonia.  But  the  removal  of  this  azot  from 
the  nitrous  gas  would  have  a dire£t  effeft  in 
preventing  its  converfion  into  nitrous  oxyd,  and 
therefore  the  abftra£fion  of  its  oxygen  muft  be 
greater  in  this  than  in  the  fimple  decompofitions 
of  nitrous  gas,  and  the  entire  quantity  of  nitrous 
oxyd  produced  fhould  be  lefs.  There  is  too 
much  variation  however  in  the  different  experi- 
ments to  allow  of  much  accuracy  of  refults 
with  thefe  complicated  agents. 

Zinc  filings  convert  nitrous  gas  into  nitrous 
oxyd  with  as  much  eafe  as  iron  filings,  but 
only  when  in  contadl  with  water.  Ammonia 
is  produced  and  the  zinc  is  changed  to  a white 
oxyd,  which  can  only  be  explained  by  the 
fuppofition  of  a double  decompofition  of  the 
water  and  the  nitrous  gas,  the  latter  yielding 
part  of  its  azot  to  part  of  the  hydrogen  of  the 
water  for  the  ammonia;  part  of  its  oxygen  to 
the  remainder  of  the  hydrogen  in  order  to 
produce  the  change  from  nitrous  gas  to  nitrous 
oxyd;  and  the  oxygen  arifing  from  the  decom- 
pofed  water  uniting  with  the  zinc. 

Another  method  of  producing  nitrous  oxyd 
has  been  ftated  to  be  during  the  folution  of 
feveral  of  the  metals  in  nitric  acid  under  parti- 
cular circumftances  of  concentration,  heat,  &q. 
The  gas  in  this  cafe  is  always  mixed  with 
nitrous  gas,  and  often  with  azot.  The  metals 
from  which  it  is  produced  with  the  greateft  eafe 
are  iron,  zinc,  and  tin.  Iron  produces  a 
variable  mixture  of  nitrous  gas  and  nitrous 
oxyd.  If  a cold  faturated  folution  of  nitr^t  of 
iron  is  heated,  much  nitrous  oxyd  is  produced.* 
A great  quantity  of  it  is  alfo  given  out  by 
adding  iron  filings  to  nitrat  of  iron,  and  the 
filings  pafs  to  the  ftate  of  black  oxyd,  as 
Berthollet  has  obferved.  When  tin  is  diffolved 
in  concentrated  acid  of  about  l .4  fp.  gr.  (which 
is  nearly  as  ftrong  as  is  able  to  a£t  on  this 
metal)  the  gas  is  a mixture  of  about  one  part  of 
nitrous  oxyd  with  two  of  nitrous  gas,  and  a very 
fmall  quantity  of  azot.  With  an  acid  of  1.24 
the  proportion  of  nitrous  oxyd  is  greater,  and 
increafes  to  about  | of  the  whole  towards  the 
end  of  the  procefs.® 

Zinc  alfo  yields  this  gas  during  the  aftion  of 
nitrous  acid  of  any  fpecific  gravity,  and  in  moft 
abundance  when  the  acid  is  dilute,  and  towards 
the  middle  and  end  of  the  procefs.  The  nitrat - 
of  zinc  whilft  diftilling  to  drynefs  gives  muck 
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of  the  nitrous  oxyd.  From  loo  grains  of  ^inc 
during  their  folution  in  300  grains  of  nitric 
acid  of  1.43  diluted  with  14  times  its  weight  of 
water,  Mr.  Davy  obtained  26  cubic  inches  of 
gas,  of  which  -gV  were  nitrous  gas,  ^ nitrous 
oxyd,  and  the  remainder  azot. 

It  is  to  be  obferved  that  ammonia  is  known 
to  be  produced  in  very  fenfible  quantities  during 
the  folution  of  thefe  three  metals  in  nitric  acid, 
and  the  produftion  of  this  alkali  feems  to  be 
intimately  connefted  with  the  evolution  of 
nitrous  oxyd,  as  has  been  already  explained. 

The  third  method  of  producing  nitrous  oxyd 
has  been  ftated  to  be  by  the  diftillation  of 
niirat  of  ammonia.  This  has  been  already  men- 
tioned generally  under  that  article,  but  as  this 
is  the  moft  economical,  and  altogether  the  beft 
method  of  preparing  the  gas  for  chemical  pur- 
pofes  and  that  which  is  aftually  ufcd  in  the 
laboratory,  the  following  diredtions  of  a very 
able  and  practical  chemill  may  be  ufeful.^ 
“ Introduce  into  a glafs  retort  fome  pure  nitrat 
“ of  ammonia,  and  apply  the  heat  of  an 
Argand’s  lamp;  the  fait  will  foon  liquefy, 
and  when  it  begins  to  boil  gas  will  be  evol- 
“ ved.  Increafe  the  heat  gradually  till  the 
body  and  neck  of  the  retort  become  filled 
“ with  a tranfparent  milky  white  vapour.  In 
this  ftate  the  temperature  of  the  fufed  nitrat 
“ is  between  340“  and  480°.  After  the  decom- 
pofition  has  proceeded  for  a few  minutes,  fo 
that  the  gas  evolved  quickly  enlarges  the 
“ flame  of  a taper  held  near  the  orifice  of  the 
retort,  it  may  be  colledfed  over  water,  care 
being  taken  during  the  whole  procefs  never 
to  fulfer  the  temperature  of  the  fufed  nitrat 
“ to  rife  above  500°,  which  may  eafily  be 
judged  of  from  the  denfity  of  the  vapours  in 
“ the  retort,  and  from  the  quiet  ebullition  of 
the  fufed  nitrat,  for  if  the  heat  be  increafed 
beyond  this  point  the  vapours  acquire  a red- 
“ difti  and  more  tranfparent  appearance,  and 
“ the  fufed  nitrat  begins  to  rife  and  occupy 
twice  the  bulk  it  did  before.  The  nitrous 
“ oxyd  after  its  generation  is  allowed  to  Hand 
“ over  water  for  at  lealt  fix  hours,  and  is  then 
“ fit  for  refpiration  and  other  experiments.” 

It  may  be  added  that  as  there  is  always  fome 
lofs  of  the  gas  from  abforption  by  the  water 
over  which  it  ftands,  the  fame  water  may  be 
ufed  repeatedly. 

Having  thus  given  the  general  methods  of 
procuring  this  gas,  we  proceed  to  defcribe  its 
♦hemical  properties  more  particularly. 


Dr.  Prieftley  found  that  water  readily  abforb- 
ed  about  half  its  bulk  of  this  gas,  which  is 
again  expelled  unaltered.  Mr.  Davy  found 
nearly  the  fame ; the  utmoft  abforption  by  water 
thoroughly  purged  of  air  by  boiling,  and  cooling 
under  mercury  being  54  cubic  inches  of  gas  to 
100  of  water.  Confequently  25300  grs.  (the 
weight  of  ISO  cubic  inches  of  water)  will 
abforb  27  grains  of  the  gas.  The  aqueous  folu- 
tion is  fenfibly  fweet  to  the  tafte,  but  {hews 
no  marks  of  acidity.  The  gas  is  again  expelled 
from  the  water  by  heat  unaltered.  When  the 
faturated  water  is  (haken  with  carbonic  acid 
and  fulphuretted  hydrogen  thefe  are  abforbed, 
and  the  nitrous  oxyd  expelled  unchanged:  but 
on  the  other  hand,  the  oxyd  expels  moft  of  the 
other  gafles  from  water  and  takes  their  place  in 
the  folution. 

Ether  and  alcohol  and  the  effential  oils  abforb 
this  gas  In  larger  quantity  than  water,  but  ap- 
parently produce  no  change  in  its  chemical 
conftitution. 

The  concentrated  fulphuric  and  nitric  acids 
neither  abforb  nor  alter  it:  the  weaker  acids 
{imply  abforb  it. 

Neither  the  green  muriat  nor  green  fulphat 
of  iron,  nor  muriat  of  tin,  nor  any  of  the  com- 
mon deoxygenating  liquid  fubftances  appear  to 
have  any  effedf  on  this  gas  at  common  tempe- 
ratures. The  fame  may  be  obferved  of  galTeous 
bodies,  fuch  as  nitrous  gas  and  fulphuretted 
hydrogen.  Neither  is  there  any  alteration  pro- 
duced on  nitrous  oxyd  by  the  fubftairces  which 
impart  oxygen.  Even  oxymuriatic  gas  the  moft 
powerful  oxygenating  agent  mingles  with  ni- 
trous oxyd  unaltered. 

None  of  the  alkalies  either  pure  or  carbonated, 
folid  or  in  folution,  have  any  effeft  on  this  gas 
when  prefented  to  them  ready  formed^  but  if  the 
alkalies  are  brought  in  conta£l:  with  nitrous 
oxyd  in  its  nafeent  fate^  a Angular  combination 
is  formed. s The  method  of  making  this  fpe- 
cies  of  neutral  fait  with  potafli,  is  to  mix 
fulphite  of  potalh  with  a little  cauftic  potalh 
(retaining  the  water  of  cryftallization)  and 
inclofe  it  In  an  atmofphere  of  nitrous  gas.  The 
fulphite  fivft  aifts  on  the  nitrous  gas,  converting 
it  to  nitrous  oxyd,  as  already  deferibed,  (itfelf 
changing  thereby  to  fulphat  of  potafh)  and  the 
nitrous  oxyd  in  the  moment  of  formation  is 
abforbed  by  the  free  alkali,  and  forms  this 
Angular  combination.  When  the  procefs  is 
finilhed  the  fallne  mafs  confifts  of  fulphat  of 
potalh,  probably  with  fome  undecompofed  ful— 
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phite,  of  the  combination  of  nitrous  oxyd  with 
potafti,  and  generally  of  fome  unfaturated  potafh 
and  carbonat  of  potafh.  By  folution  in  water 
and  cryftallization,  the  fulphat  and  fulphite  of 
potafli  may  be  feparated,  thefe  being  much  lefs 
foluble  in  water  than  the  other  fait,  but  there  is 
no  means  of  feparating  entirely  the  carbonat  of 
potalh. 

The  fait  of  nitrous  oxyd  and  potafh  is  readily 
foluble  in  water,  has  a cauftic  pungent  tafte, 
and  does  not  part  with  the  nitrous  oxyd  by 
boiling.  But  if  any  acid  is  added,  a brifk 
effervefcence  takes  place,  and  the  oxyd  is  given 
off  pure  unlefs  the  fait  contained  alfo  an  alka- 
line carbonat,  in  which  cafe  the  gas  is  mixed 
with  carbonic  acid.  Carbonic  acid  gas  thrown 
into  a folution  of  the  fait  expells  the  nitrous 
oxyd,  fb  tliat  the  affinity  of  the  latter  for 
alkalies  is  weaker  than  that  of  the  weakeft  acid. 
From  a rough  eftimate  Mr.  Davy  conje£tures 
that  this  fait  confifts  of  about  3 parts  of  alkali 
and  I of  nitrous  oxyd  by  weight. 

A fimilar  fait  may  be  formed  with  foda  by 
the  fame  methods,  employing  the  fulphite  of 
foda  and  cauftic  foda,  but  the  ready  folubillty 
of  fulphat  of  foda  would  render  it  more  difficult 
to  procure  the  nitrous  oxyd  fait  feparate. 

The  phenomena  that  attend  the  combuftion 
of  different  bodies  in  this  gas  are  highly  intereft- 
ing  as  they  afford  the  only  means  of  decompo- 
fing  this  fubftance,  and  of  determining  the 
nature  and  proportion  of  its  conftituent  parts. 

Dr.  Prieftley  firft  obferved  that  when  a light- 
ed taper  was  let  down  into  a jar  of  this  gas  it 
burned  with  an  increafed  flame,  and  a crackling 
noife  fimilar  to  the  combuftion  in  oxygen  gas, 
but  there  is  this  effential  difference  between  the 
two  gaffes  (as  far  as  relates  to  their  power  of 
fupporting  combuftion)  which  is,  that  when  a 
fubftance  previoufly  ignited  in  any  degree  in  the 
open  air  is  introduced  into  oxygen  gas,  the 
combuftion  inftantly  increafes  and  is  raifed  to 
intenfe  vehemence;  whereas,  in  nitrous  oxyd 
bodies  previoufly  ignited  only  to  a low  degree 
are  immediately  extinguiffied,  and  it  is  only 
when  already  in Jlrong  ignition  or  by  the  appli- 
cation of  a ftrong  heat  to  them  after  inclofure 
in  this  gas,  that  the  combuftion  goes  on  at  all, 
and  then  rifes  to  a greater  intenfity  than  in 
common  air.  Thus  if  phofphorus  is  Inclofed 
in  nitrous  oxyd  and  touched  with  an  iron  heat- 
ed to  a low  rednefs,  the  phofphorus  melts,  and 
may  even  be  fublimed  unaltered,  but  if  touched 
with  an  Iron  heated  white  hot,  a violent  deto- 
nation takes  place.  Much  caution  is  required 


in  performing  this  experiment.  If  the  phofpho- 
rus be  previoufly  warmed  or  fublimed  in  the  gas, 
a violent  detonation  cannot  be  avoided  when 
the  heat  Is  afterwards  raifed  to  ignition,  on 
account  of  the  veffel  being  already  full  of 
phofphoric  vapour,  but  to  make  this  fubftance 
burn  quietly  and  vividly  in  nitrous  oxyd  as'  it 
does  in  oxygen,  it  ffiouid  be  previoufly  fet  lire 
to  and  fuddenly  introduced  into  the  nitrous 
oxyd. 

Phofphorized  hydrogen  gas  and  nitrous  oxyd 
mixed  together 'may  be  fired  with  the  eleftric 
fpark. 

Sulphur  when  introduced  cold  into  the  gas 
cannot  be  fired  by  applying  an  iron  wire  even 
white  hot,  and  It  may  be  fufed  and  fublimed  in 
the  gas  without  alteration.  Even  "when  it  is 
previoufly  kindled,  if  only  burning  weakly  with 
a faint  blue  flame,  it  is  immediately  extingiiifli- 
ed  in  the  gas.  But  if  it  is  in  ftrong  ignition 
and  then  introduced  in  the  gas  it  burns  vividly, 
with  a rofe-coloured  flame.  In  this  experiment 
and  that  with  phofphorus,  Mr.  Davy  fucceeded 
by  introducing  into  the  jar  containing  the 
nitrous  oxyd,  the  phofphorus  or  fulphur  in  a 
fmall  tube  containing  oxygen,  balanced  fo  as  to 
fwim  on  the  furface  of  the  mercury  without 
communicating  with  nitrous  oxyd.  The  phof- 
phorus or  fulphur  was  fired  in  the  oxygen  by 
an  ignited  Iron  wire,  by  which  at  the  moment 
of  combuftion  the  tube  containing  it  was  raifed 
into  the  nitrous  oxyd,  and  thus  the  inflamma- 
tion continued.  The  combuftion  with  fulphur 
however  will  fuceeed  in  the  following  manner r*’ 
Dip  a flip  of  copper  into  melted  fulphur;  when 
cold  fet  fire  to  it,  and  when'  in  ftrong  combuf- 
tion introduce  it'  into  a jar  containing  the  gas, 
when  it  will  continue  to  burn  with  a beautiful 
rofe-coloured  flame; 

Iron  wire,  charcoal,  pyrophorus,  and  many 
other  combuftible  fubftances,  may  be  burned  in 
the  nitrous  oxyd  by  fimilar  means. 

In  all  thefe  combuftiuns  the  oxygen  neceffary 
to  this  procefs  muft  be  furniffied  by  the  nitrous 
oxyd,  confequently  this  gas  muft  either  be 
totally  decompofed,  or  converted  into  a com- 
pound In  which  the  oxygen  is  in  a lefs  proportion 
than  before;  in  the  former  cafe  the  reficlue- 
after  combuftion  will  be  mere  azotic  gas,  (that 
is,  in  cafe  no  new  gas  is  generated  by  the  act  of 
combuftion)  and  in  the  latter  it  will  be  a 
compound  confiderably  refembiing  atmofpheric 
air  in  conftitutipn.  Hence  too  it  appears  pro- 
bable that  the  ftate  of  oxygenation  of  azot 
which  conftitutes  atmofpheric  air,  is  a precife 
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point  or  mode  of  combination  of  azot  at  which 
the  deoxygenation  of  nitrous  oxyd  would  have 
a tendency  to  ftqp,  as  nitrous  oxyd  Itfelf  is 
with  regard  to  nitrous  gas  5 and  nitrous  gas 
with  regard  to  nitric  acid. 

Two  more  decompofitlons  of  nitrous  oxyd 
require  to  be  noticed,  that  by  the  eledlric  fpark 
fimply,  and  that  by  hydrogen  affifted  by  the 
elctfric  fpark. 

Dr.  Prieftley  found  that  on  taking  the  eledfric 
fpark  frequently  in  nitrous  oxyd,  no  perceptible 
change  was  produced  in  Its  quantity,  but  it  was 
became  immifcible  with  water. 

The  fame  experiment  was  repeated  by  Mr. 
Davy  with  accuracy,  and  by  paffing  150  ilrong 
ilrokes  through  7 ten-grain  meafures  of  pure 
nitrous  oxyd,  after  which  It  was  reduced  to  6 
meafures.  This  refidue  mixed  with  6 meafures 
of  nitrous  gas  and  a little  water,  gave  red  fumes, 
and  a diminution  of  bulk  took  place  nearly  equal 
to  that  which  common  air  would  produce  with 
nitrous  gas.  In  another  experiment  the  fame 
quantity  of  nitrous  oxyd  was  reduced  to 
meafures,  and  red  cabbage  juice  faturated  with 
nitrous  oxyd,  and  rendered  green  by  alkali,  had 
its  red  colour  reftored  in  the  procefs,  thus 
fhewing  the  produ£Hon  of  an  acid,  which 
could  be  no  other  than  the  nitric.  The  effedb 
of  eleftrization  therefore  is  entirely  to  decom- 
pofe  the  nitrous  oxyd,  to  condenfe  a larger 
proportion  of  the  oxygen  into  one  portion  of 
the  azot  and  convert  it  into  nitrous  acid,  and 
confequently  to  leave  a fmaller  proportion  of 
oxygen  in  the  remainder,  and  thus  produce  the 
gas  refembling  atmofpheric  air. 

A fimilar  change  is  produced  by  tranfmitting 
nitrous  oxyd  through  a red  hot  glazed  por- 
■celain  tube. 

When  hydrogen  and  nitrous  oxyd  are  mixed 
and  the  eledHric  fpark  palled  through,  they 
explode  with  conliderable  violence,  and  with  a 
bright  red  light.  The  bulk  of  the  refidue  is 
always  much  lefs  than  the  united  bulk  of  the 
gafles  before  the  explofion,  but  the  exadt  quan- 
tity (the  gafles  being  pure)  depends  on  the 
proportion  in  which  the  two  are  mixed.  The 
nature  .of  the  refidue  alfo  varies  according  to 


the  proportion  of  the  gafles:  where  the  hydrogen 
is  to  the  nitrous  gas  as  50  to  40,  the  decompo- 
fition  is  perfeft,  the  refidue  is  entirely  azot, 
about  a fourth  more  In  bulk  than  the  nitrous 
oxyd,  and  confequently  is  not  changed  by 
nitrous  gas  nor  abforbed  by  water.  As  all  the 
hydrogen  difappears,  it  mull  unite  with  the 
oxygen  of  the  nitrous  oxyd  to  form  water,  and 
no  traces  of  nitric  acid  can  be  perceived.  Where 
the  hydrogen  is  lefs  in  quantity  than  the  nitrous 
oxyd,  the  elFedl:  feems  to  be  that  of  the  former 
inllance  combined  with  that  produced  by  the 
Ample  eledlrizatlon  of  the  nitrous  oxyd,  fo  that 
the  produdts  are,  water,  azot,  nitric  acid,  and 
a mixture  of  azot  and  oxygen. 

The  decompofition  of  nitrous  oxyd  by  char- 
coal, hydrogen,  and  phofphuretted  hydrogen, 
were  all  found  by  Mr.  Davy’s  experiments  to 
offer  a very  fatIsfa£lory  agreement  in  the  refults, 
confidering  the  difficulty  of  analyfis.  The 
fmalleft  quantity  of  oxygen  found  in  the  gas 
was  35  in  100,  by  weight,  and  the  largeft  39, 
If  the  mean  between  the  two  is  taken,  it  may 
be  concluded  that  1 00  grains  of  it  are  compofed 
of  about  63  of  azot  and  37  oxygen;  and  that 
100  cubic  inches  weigh  50  grs.  at  55°tempera-t 
ture,  and  30  inches  of  atmofpheric  prelfure. 

We  may  conclude  this  article  with  the  table 
of  the  combinations  of  azot  given  by  Mr.  Davy, 
which  may  be  confidered  on  the  whole  as  the 
neareft  approximations  to  accuracy  which  we 
polfefs. 

100  cubic  inches  at  55°  Therm,  and  30  Bar. 

grains 

Of  azot  -----  weigh  30.04 

Oxygen  ------  35»o6 

Atmofpheric  air  - - - 31.10 

Nitrous  oxyd  - - - - 50.20 

Nitrous  gas  -----  34. 2^ 

GalTeous  nitric  acid  - - 76.00 

Compofition  of  100  grains  of  the  abovt* 
fubftances. 


Azot 

Oxygen 

Atmofpheric  air 

- - 73.00 

27.00 

Nitrous  oxyd  - 

- - 63.30 

36.70 

Nitrous  gas 

- - 44.05 

55-91T 

Nitric  acid  - - 

- - 29.50 

70.5# 
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OBSIDIAN.  Iceland  Agate. 

Its  ufital  colour  is  pure  black,  whence  It 
pafles  into  greenifh  and  greyifh-black,  black- 
ifh,  bluifli,  and  greenilh-grey,  and  fmoke- 
grey.  It  occurs  in  mafs,  and  in  rough,  roundifli, 
detached  pieces.  Internally  its  luftre  is  more 
or  lefs  Alining  and  vitreous.^  Its  frafture  is 
perfe£t  and  large  conchoidal.  Its  fragments 
are  indeterminately  angular  and  very  Aiarp- 
edged.  It  is  more  or  lefs  tranfparent  on  the 
edges.  It  is  hard,  but  eafily  frangible.  Sp.  gr. 
2.34.  Before  the-  blow-pipe  it  melts  without 
addition  into  a greyiAi-white  opake  fomewhat 
porous  enamel.  The  Obfidian  of  Iceland  has 
been  decompofed  by  Bergman,  and  more  re- 
cently by  Abildgaard,  with  the  following  refults : 
Berg.  Abild. 

6p  — 74  Silex 

22  — 2 Alumine 

9 — 14  Oxyd  of  iron 
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The  hardnefs  and  opake  blacknefs  of  this 
mineral  added  to  the  high  poliAi  of  which  it  is 
capable,  have  caufed  it  to  be  employed  for 
various  kinds  of  ornaments.  In  Peru  at  the 
time  of  its  conqueft  by  the  Spaniards,  it  was 
ufed  for  mirrors,  and  has  been  faAiioned  in 
Europe  into  refleftors  for  telefcopes. 

It  occurs  in  large  beds  in  the  Lipari  iAands, 
near  Sicily,  where  it  evidently  paAes  into  pu- 
mice : it  is  met  with  near  Tokay  in  Hungary, 
in  fmoke-coloured  nodules  in  decompofing 
granite  and  porphyry  (thefe  nodules  fometimes 
go  by  the  name  of  Lux  fapphire).  It  abounds 
in  Iceland,  not  only  in  the  vicinity  of  Hecla 
but  elfewere ; alfo  in  the  ifland  Melos  in  the 
Archipelago  •,  near  Grantola  in  the  north  of 
Italy : in  the  ifland  of  Madagafcar,  in  Peru  and 
Siberia. 

It  is  one  of  the  minerals  whofe  origin  is 
warmly  conteAed  by  the  Neptunians  and  Vol- 
caniAs,  many  of  the  latter  denominating  it 
vitreous  lava. 

OIL.  Huile.  Fr.  Oehle.  Germ. 

Various  fubAances  are  included  under  the 
general  appellation  oil,  which  however  differ  fo 
effentially  in  many  particulars  from  each  other, 
as  to  render  it  inipoffible  to  comprehend  them 
under  any  proper  fpecific  definition : we  have 
tlrerefore  divided  this  clafs  of  bodies  among  die 
four  following  articles.  , 


Oils  Vegetable  UnElmus. 

Unfluous  or  fixed  vegetable  oil  occurs  prin- 
cipally in  the  cotyledons  of  certain  feeds,  and 
fometimes  though  rarely  in  the  pulp  or  flefh  of 
fruits.  In  the  former  it  is  always  nixed  with 
a greater  or  fmailer  proportion  of  fecula  and 
mucilage,  on  which  account  thefe  feeds  when 
rubbed  in  a mortar  with  cold  water,  form  with 
it  a white  opake  milk-like  fluid  called  an  emtil- 
/ton ; from  which  by  long  Aanding  (or  more 
fpeedily  by  the  addition  of  an  acid)  the  oil  fepa- 
rates,  rifing  to  the  furface  in  the  form  of  a 
thick  cream. 

There  are  two  ways  of  extra£ling  oil : the 
firA  and  moA  ufual  is  by  means  of  preflure ; 
the  fecond  is  by  immerfion  in  hot  water ; in 
this  latter  cafe  the  oil  feparates  from  the  other 
ingredients  with  which  it  is  naturally  mixed, 
and  rifes  by  the  force  of  gravity  to  the 
furface  of  the  water,  from  which  it  is  Ikimmed 
off. 

Recently  drawn  oil  however  is  more  or  lefs 
impure  on  account  of  its  containing  a variable 
proportion  of  mucilage,  fecula,  and  perhaps 
other  fubAances:  of  thefe  a part  is  always 
depofited  by  reA,  efpecially  if  the  conta<T  of 
the  air  is  not  entirely  excluded  •,  but  another 
portion  remains  in  permanent  folution,  and  to 
this  that  partial  fpontaneous  decompofition  in 
oils  called  rancidity  is  principally  owing. 

Fixed  oil  at  the  common  atmofpherical  tem- 
perature is  ufually  in  the  Aate  of  a moderately 
thick,  but  not,  properly  fpeaking,  vifeid  fluid  ; 
to  the  touch  it  is  remarkably  fmooth  and  unctu- 
ous ; it  has  a mild  lub-naufeous  taAe,  and  a 
peculiar  flavour,  according  to  the  vegetable  from 
which  it  is  procured.  Its  colour  when  recent 
has  more  or  lefs  of  a green! Ai  tinge,  which  by 
keeping  becomes  yellow,  and  in  fome  inAances 
orange-coloured,  verging  on  red.  Its  fpecific 
gravity  is  ufually  between  that  of  alcohol  and 
of  water,  hence  it  finks  in  the  former  and  floats 
on  the  furface  of  the  latter  of  thefe  fluids. 
There  is  nothing  in  which  oils  differ  from  each 
other  fo  much,  as  in  the  temperature  at  which 
they  congeal  ; fome  continue  folia  at  the  higheA 
atmofpherical  temperature,  as  palm  oil,  and  the 
reA  of  the  vegetable  butters  (as  they  are  called 
from  this  very  circumAance)  others  require 
being  cooled  down  to  the  freezing  point  of 
water,  and  others  again  are  capable  of  fn-- 
during  a much  greater  cold  without  folidifyirg. 

Water  feems  to  be  incapable  of  combining 
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-vvitli  fixed  oil  in  any  proportion : If  the  two 
flnuls  are  ftrongly  ihaken  together  in  a half-filled 
vial,  the  oil  Is  broken  into  very  minute  globules, 
and  thus  gives  the  water  the  appearance  of  thin 
milk  or  whey,  but  after  handing  for  a few 
feconds  the  whole  of  the  oil  rifes-to  the  furface, 
and  the  two  liquors  remain  as  clear  and  diftlmfl: 
as  at  firfl.  T.hat  a confiderable  attradHon  fub- 
lills  between  w'ater  and  oil  Is  how^ever  manifeft 
from  the  w^ell-known  fail,  that  if  a drop  of 
oil  be  let  fall  into  a bafon  of  water,  it  does  not 
retain  its  globular  form,  but  immediately  fpreads 
ilfelf  into  a thin  iiklefcent  film  wdth  which  the 
whole  furface  of  the  water  is  covered. 

T he  fixed  oils  are  fo  called  bccaufe  they  are 
incapable  of  being  volatilized  by  heat  without 
decompofition ; when  therefore  any  of  them, 
olive  oil  for  example,  is  heated  In  a clofe  diftil- 
latoiy  apparatus,  as  foon  as  the  fluid  has  arrived 
at  its  boiling  point  a white  vapour  is  difcngaged, 
conlifting  of  oil,  carburetted  hydrogen,  and 
carbonic  acid  ; of  thefe  the  firft  is  for  the  moft 
part  condenfed  in  the  receiver,  while  the  other 
two,  holding  a portion  of  oil  in  folutlon,  efcape 
in  the  form  of  permanent  gas ; when  every 
thing  volatile  has  been  driven  off,  nothing  rer 
mains  in  the  retort  but  a little  charcoal.  The 
oil  which  is  found  in  the  receiver  is  lighter, 
more  limpid  and  volatile  than  that  from  which 
it  was  procured,  and  thefe  qualities  are  ob- 
ferved  to  increafe  by  each  fucceffive  diftlllation, 
carbon  and’carburetted  hydrogen  being  difen- 
gaged  as  at  firft.  By  treating  in  this  manner 
the  product  of  each  diftillation  the  oil  at  length 
entirely  difappears,  being  partly  decompofed 
and  partly  carried  off  in  folution  by  the  carbu- 
rutted  hydrogen  gas. 

If  oil  inflead  of  being  diftilled  is  heated  in  an 
open  kettle,  its  colour  by  degrees  becomes 
deeper,  a highly  inflammable  and  fetid  vapour 
efcapes,  and  the  remaining  oil  Is  found  to  be 
thick,  vifcid,  and  wdien  fpread  over  wood  or 
any  other  fubftance  and  expofed  to  the  air,  con- 
geals into  a folid,  tough,  tranfparent  varnifh. 
In  this  flate  it  is  called  boiled  or  drying  oil. 
It  has  not  been  very  fatisfaftorily  fliewn  what 
takes  place  on  this  occafion,  but  it  is  probable 
that  the  mucilage  and  fecula  are  for  the  moft 
part  cliarred  and  decompofed,  that  the  water 
with  which  they  were  combined  is  volatilized, 
that  a fmall  portion  of  the  oil  itfelf  Is  driven 
oft,  and  that  the  refidue  has  abforbed  fome 
oxygen  from  the  air.  When  oil  is  expofed 
to  a high  heat  and  at  the  fame  time  to  the  free 
•ontad  of  the  atmofphcre  it  takes  fire,  and 


burns  with  a copious  flame,  accompanied  by  a 
thick  black  fmoke  } the  combuftion  of  oil  how- 
ever does  not  readily  take  place  except  by 
means  of  a wick  ; if  an  Argand  lamp  is  ufed 
for  this  purpofe  the  flame  is  of  a pure  white 
colour,  and  no  fmoke  is  produced,  the  whole 
of  the  oil  undergoing  entire  combuftion.  In 
this  procefs  the  oil,  according  to  Lavoifier,  is 
converted  into  water  and  carbonic  acid,  in  fuch 
proportions,  that  its  conftituent  parts  may  be 
ftated  at  21  of  hydrogen,  and  79  of  carbon. 
In  this  how'ever  no  allowance  Is  made  for  the 
oxygen  which  oil  no  doubt  contains,  fo  that  at 
belt  the  given  proportions  can  be  looked  upon 
only  as  a lonfe  approximation  to  the  truth. 

It  is  known  that  fome  of  the  fixed  oils  (and 
probably  all  of  them}  abforb  oxygen,  either 
from  the  air  or  from  oxygen  gas,  at  the  common 
temperature.  Berthollet  difcovered  that  oil  of 
almonds  in  a jar  half  filled  with  oxygen  gas 
ftanding  over  water,  had  in  the  courfe  of  a 
month  abforbed  nearly  the  whole  of  the  oxygen, 
and  at  the  fame  time  depofited  a number  of 
white  concretions  forming  a thin  ftratum  be- 
tween the  water  and  the  oil.  In  another  experi- 
ment this  able  chemift  expofed  a very  thin  ftra- 
tum of  oil  on  the  furface  of  water  to  the  contacft 
of  atmofpheric  air  for  three  months  : at  the  end 
of  this  period  the  oil  was  found  converted  into 
a white  concrete  fubftance,  friable  at  a low 
temperature,  but  fufible  at  a lefs  heat  than  that 
required  for  the  melting  of  wax.  * By  long 
expofure  to  the  air  fome  oils,  as  olive  oil,  be- 
come rancid,  in  which  ftatc  they  exhibit  the 
following  chara£l:ers : the  colour  is  deepened, 
the  odour  becomes  ftrong  and  difagreeable,  the 
confiftence  is  vlfcous  or  ropy,  and  vegetable 
blues  are  changed  to  red,  {hewing  the  develope- 
ment  of  an  acid.  Other  oils  on  the  contrary 
in  fimilar  circumftances  only  dry  to  a tough 
varnifh.  The  former  are  often  called  fat  oilst 
and  the  other  fpontaneoufly  drying  oils. 

Of  the  Ample  combuftibles,  hydrogen  In  the 
ftate  of  gas  is  flowly  and  fparingly  taken  up  by 
oil,  but  the  effedl  of  this  combination  has  not 
been  examined.  Charcoal  appears  to  be  wholly 
infoluble  in  oil,  but  when  newly  burnt  it  has 
the  property  of  bleaching  and  purifying  it  to 
a confiderable  degree. 

Phofphorus  by  the  affiftance  of  heat  is  foluble 
In  oils  though  fparingly,  and  the  compound 
has  the  property  of  becoming  luminous  if 
fmeared  thin  over  any  dry  fubftance  and 
expofed  to  a warm  air.  A few  drops  of  the 
phofphorized  oil  If  rubbed  on  the  hands  or 
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iscc,  caufe'  them  to  flilne  in  the  dark  without 
any  rifle,  of  injury  from  the  flow  combuftion  of 
this  highly  inflammable  fubflance.  It  the  oil 
has  been  charged  with  phofphorus  at  a boiling 
heat,  a portion  of  this  latter  depofits  by  cooling 
in  oftohedral  cryllals.  Phofphorized  oil  when 
diftilled  affords  phofphuretted  hydrogen  gas. 

Sulphur  is  eafily  and  largely  foluble  iirboiling 
oil : the  compound  has  a thick  fomewhat  vifeid 
confiftence,  and  a deep  red  colour,  hence  it  was 
formerly  named  ruby  of  fulphur.  When  highly 
charged  with  fulphur  at  a boiling  heat,  it 
depofits  a part  by  cooling : if  this  takes  place 
rapidly  the  fulphur  is  in  the  form  of  needles, 
if  more  flowly  it  forms  oclohedral  cryftals. 

Sulphurized  oil  has  a ftrong  fetid  odour, 
and  when  diftilled  gives  out  a large  quantity  of 
fulphuretted  hydrogen. 

Moft  metallic  oxyds  are  decompofed  by  the 
fixed  oils  at  a boiling  heat:  thofe  however  that 
are  commonly  employed  for  this  purpofe  are 
minium  and  litharge.  If  either  of  thefe  fub- 
ftances  ground  to  a very  fine  pow'der,  be  put  in 
a kettle  with  a little  water  and  fome  fat  oil,  and 
the  whole  be  well  mingled  by  conftant  ftirring, 
it  w'ill  be  found  that  the  oil  when  nearly  at  the 
temperature  of  boiling  water,  firft  abftra£fs  part 
of  the  oxygen  from  the  oxyd,  and  then  dlffolves 
pretty  rapidly  the  oxyd  itfelf.  In  confequence  of 
this  the  oil  becomes  thick  and  coloured,  acquires 
a peculiar  odour,  and  when  cooled  becomes 
opake,  and  of  a foft  pafty  confiftence.  By  con- 
tinuing the  heat  after  the  folution  of  the  oxyd, 
till  the  water  is  compleatly  driven  off,  the  refi- 
due  on  cooling  acquires  nearly  the  confiftence 
of  wax,  and  is  known  in  pharmacy  by  the  appel- 
lation of  plafer.  If  inftead  of  fat  oil,  drying  oil 
be  made  ufe  of,  the  mixture  cannot  be  made 
harder  than  ftiff  pafte.  Deyeux*’  has  fhewn 
that  the  fat  oils  when  previoufly  mixed  with 
mucilage,  are  exadlly  fimilar  in  this  refpeft  to 
the  drying  oils.  Plafter  is  not  foluble  .either 
in  alcohol  or  water,  in  which  refpe£t  it  differs 
materially  from  the  proper  foaps,  to  which  it 
has  been  compared  by  fome  chemifts.  If  after 
the  oil  and  litharge  have  combined  together  the 
water  is  poured  off,  inftead  of  being  diffipated 
by  a further  continuation  of  the  heat,  and  then 
evaporated  confiderably  in  a feparate  veffel,  it 
will  be  found  to  have  acquired  a thick  fyrupy 
confiftence  and  a faccharine  tafte.  The  dif- 
covery  of  this  peculiar  fweet  matter  is  due  to 
Scheele,  from  whofe  experiments  on  the  fubje£t 
the  following  particulars  are  extrafted. 

It  is  neither  cryftallizable  nor  fufceptible  of 
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fermentation : if  prepared  with  perfeclly  freff* 
oil  It  appears  to  contain  no  lead,  but  if  rancid 
oil  has  been  made  ufe  of,  it  yields  a precipitate 
of  fulphated  lead  with  fuiphuric  acid.  If  after  , 
being  infpifi'ated  it  is  ftrongly  heated,  tlie  va- 
pours that  arife  will  take  fire  on  the  application 
of  a candle.  By  deftrudfive  diftlllation  re- 
peated two  or  three  times  at  a temperature 
equal  to  that  required  for  the  volatilization  of 
fuiphuric  acid,  it  is  decompofed  into  brown 
empyreumatic  oil,  and  a light  fpungy  coal,  car- 
buretted  hydrogen  being  probably  given  off'  at 
the  fame  time.  By  repeated  abftradfion  with 
nitric  acid  it  is  at  length  converted  into  oxalic 
acid. 

If  the  naturally  drying  oils  are  boiled  upon 
a fmall  quantity  of  litharge  without  the  inter- 
vention of  water,  they  become  thick  and  gluti- 
nous, and  more  drying  than  before.  Not  only 
the  oxyds,  but  alfo  aqueous  folutions  of  the 
acetite  of  lead,  as  well  as  the  fulphat  of  zinc, 
are  employed  for  this  purpofe. 

The  alkalies,  both  fixed  and  volatile,  and  the 
alkaline  earths  w'hen  perfedfly  cauftic,  act  wdth 
energy  upon  all  the  fixed  oils,  but  more  efpeci- 
ally  on  the  fat  ones,  forming  with  them  Soaps 
of  various  qualities  ; for  an  account  of  which 
the  reader  is  referred  to  that  article. 

The  adlion  of  the  ftronger  acids  upon  oils  Is 
very  remarkable,  on  which  account  w'e  fliall 
treat  of  it  wdth  fome  mlnutenefs. 

The  compound  produced  by  the  mutual  action 
of  fixed  oil  and  fuiphuric  acid,  improperly  called 
an  acid  foap,  has  been  examined  by  Achard  * 
with  the  following  rcfults.  To  prepare  this 
compound,  put  7 parts  of  concentrated  fuiphuric 
acid  into  a porcelain  mortar,  and  add  drop  by 
drop  8 parts  of  oil  heated  nearly  to  ebullition, 
taking  care  to  ftir  the  whole  conftantly  during 
the  procefs  : if  the  oil  is  added  too  quickly 
an  effervefcence  takes  place  accompanied  by 
the  fuffocating  odour  of  fulphureous  acid,  but 
this  muft  be  carefully  avoided.  TJie  com- 
pound when  recently  prepared  is  of  a black 
colour,  and  nearly  of  the  confiftence  of  thick  tar, 
but  by  wafliing  thoroughly  In  6 parts  of  diftilled 
w'ater  the  oil  aflumes  nearly  the  appearance  of 
brown  w'ax  : if  it  is  ftill  acidulous  to  the  tafte, 
repeat  the  wafliing  in  fucceflive  fmall  quantities 
of  water,  till  the  laft  no  longer  exhibits  any 
figns  of  uncombined  acid.  The  oil  becomes 
confiderably  heavier  by  this  treatment,  not  un- 
frequently  finking  in  w^ater ; it  Is  folid  an  d 
brittle,  has  a peculiar  odour,  is  perfectly  foluble 
in  alcohol,  and  with  water  makes  an  opalefcent 

p.  ^64,  * Journ.  de  Phyf.  xvi.  p.  411. 

; Z 


▼oL.  n. 


OIL 


OIL 


( 178  ) 


mixture,  which  lathers  like  an  infufion  of  com- 
mon foap.  The  watery  folution  exhibits  the 
following  phenomena.  With  femi-cauftic  potafli 
it  yields  an  opake  coagulum,  and  being  then 
moderately  heated  the  oil  melts  into  one  mafs, 
which  on  cooling  concretes  into  a brown  waxy 
matter,  entirely  feparate  from  the  aqueous 
fluid,  from  which  cryftals  of  fulphated  potalh 
are  depofited  by  evaporation.  Cauftic  ammo- 
nia produces  no  vifible  change  at  firfl;,  but  in 
a Ihort  time  caufes  the  feparation  of  a coagulum 
that  is  refoluble  in  an  excefs  of  alkali,  but  if 
wafhed  and  melted,  exa£Hy  refembles  the  pre- 
cipitate by  potafh.  Both  magnefia  and  chalk 
produce  a fimilar  coagulation  of  the  oily  part 
of  the  folution.  A like  decompofition  takes 
place  by  digeftion  with  cerufle,  with  filings  of 
iron  or  of  zinc,  with  the  acetites  of  lead  and 
copper,  with  nitric,  muriatic,  and  ftrong  acetous 
acids,  with  nitrat  of  potalh  and  muriat  of  am- 
monia, but  not  with  nitrat  of  foda,  or  muriat  of 
foda.  The  coagulum  in  all  thefe  cafes  alTumes 
the  appearance  of  yellow  wax.  When  the  acid 
foap  is  fubjected  to  gradual  diflillation  there  firfl 
comes  over  a nearly  infipid  phlegm,  and  then 
an  oil  more  or  lefs  coloured  and  rancid,  in  pro- 
portion to  the  deepnefs  of  its  colour,  which 
congeals  on  cooling ; there  remains  in  the  retort 
a little  carbonaceous  matter. 

Nitric  acid  when  cold  and  colourlefs  a£ls  but 
liowly  on  fixed  oils,  and  the  chief  vifible  effe£l 
produced  is  that  of  rendering  them  thicker  than 
before.  But  if  ruddy  nitrous  acid  is  made  ufe 
of,  a much  greater  and  more  rapid  alteration 
takes  place,  a violent  effervefcence  comes  on, 
attended  by  a copious  difeharge  of  nitrous  gas. 
If  a mixture  of  concentrated  fulphuric  and  very 
high  coloured  nitrous  acid  be  fuddenly  added, 
immediate  combuftion  is  for  the  moll  part  the 
confequence,  particularly  if  the  oil  is  either 
naturally  drying  or  made  fo  by  either  of  the 
methods  already  deferibed.  Nitric  acid  ab- 
ftra£led  upon  oil  is  decompofed,  and  oxalic 
acid  is  the  refult.  If  nitrous  vapour  or  nitrous 
gas  are  thrown  up  into  an  inverted  jar  contain- 
ing oil,  they  are  rapidly  abforbed,  and  the 
colour  of  the  oil  is  changed  to  blue  or  green  ; 
after  being  put  for  a few  hours  in  a cold  place, 
the  oil  folidifies,  and  its  colour  becomes  yellow 
or  orange,  a confiderable  difengagement  of  azot 
takes  place,  and  in  the  courfe  of  a few  weeks 
k becomes  nearly  white  and  very  fliff. ' 

Muriatic  acid  produces  little  change  in 
any  of  the  fixed  oils,  but  oxymuriatic  acid 
thickens  and  bleaches  them,  and  caufes  them 
to  pafs  nearly  into  tlie  ftate  of  wax. 


None  of  the  neutral  falts  are  capable  of  com.* 
billing  with  oil,  nor  of  decompofing  It  at  the 
common  temperature,  except  the  oxymuriat 
of  potafh  : this  mixed  up  in  a metal  mortar 
with  a few  drops  of  oil,  and  then  ftruck  fmartl y 
with  the  peftle,  immediately  detonates  and 
takes  fire. 

Oil  unites  pretty  eafily  with  fugar  or  fimplc 
mucilage,  and  in  this  flate  is  mifcible  with 
water  into  a white  emulfive  liquor. 

The  drying  oils  when  mixed  with  lamp-black, 
or  with  almoTt  any  very  dry  vegetable  fibre,  and 
put  into  a box  or  clofe  room,  are  very  fubje£l 
to  undergo  a rapid  decompofition  attended  by 
great  heat,  which  on  the  admiflion  of  frefh  air, 
burfts  into  adlual  Inflammation. 

We  fliall  terminate  this  article  by  fbme  fhort 
notices  concerning  the  qualities  and  method  of 
preparation  of  the  principal  fixed  oils. 

Olive  Oil. 

The  fruit  of  the  olive  tree  (Olea  Europea) 
when  ripe,  is  of  -a  dark  purple  colour,  and  both 
in  fize  and  fliape  refembles  a long  plum  : it 
confifts  of  a nut  or  ftone  covered  by  a.flefhy 
pulp,  in  the  latter  of  which  are  the  cells  that 
contain  the  oil : the  interior  nut  alfo  contains 
an  oil,  but  of  a bitter  difagreeable  tafte.  The 
fruit  as  foon  as  gathered  is  broken  in  a mill, 
care  being  taken  to  fet  the  mlll-ftones  at  fuch  a 
diftance  as  to  avoid,  crufiiing  the  nut  of  the 
olive.  The  pulp  thus  prepared  is  put  into  bags 
made  of  ruflies,  and  fubje£ted  to  a moderate 
prefl'ure,  by  which  a confiderable  quantity  of  a 
greenifii  fenil-tranfparent  oil  is  obtained,  which 
from  its  fuperior  excellence  is  called  virgin  oil. 
The  marc  remaining  after  this  firfl  operation  is 
broken  to  pieces,  molflened  with  a little  warm 
water,  and  again  returned  to  the  prefs  ; a mix- 
ture of  oil  and  water  flows  out,  which  foon 
feparates  fpontaneoufly  by  reft.  This  oil  though 
inferior  to  the  former,  is  ftill  of  a very  good 
quality  and  fit  for  the  table.  The  marc  being 
again  broken  to  pieces,  drenched  with  water,  and 
fermented  in  large  cillerns,  is  for  the  third  and 
laft  time  fubmitted  to  the  full  force  of  the  prefs, 
by  which  a confiderable  quantity  of  oil  is  obtained, 
very  valuable  to  the  foap-boiler  and  other  manu- 
faclurers.  In  fome  countries,  particularly  in 
Spain,  the  olives  inftead  of  being  gathered  by 
hand,  are  beaten  down,  by  which  the  ripe  and 
unripe  are  mixed  together,  to  thefe  alfo  are  added 
fuch  as  have  fallen  of  themfelves,  and  are  there- 
fore more  or  lefs  decayed.  Of  this  indiferiminate 
colle<Elion  a large  heap  is  made,  which  foon 
begins  to  ferment  j in  this  ftate  the  olives  are 
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^r6und,  and  ftrongly  prefled  in  tlie  ufual  man- 
ner, by  which  mode  of  proceeding  a larger 
quantity  of  oil  is  indeed  obtained,  and  with  lefs 
trouble,  but  of  a rank  difagreeable  flavour, 
intolerable  to  any  but  thofe  who  have  from 
childhood  been  accuftomed  to  it. 

Recently  drawn  virgin  oil  has  a bland  almoft 
mucilaginous  tafte,  with  a flight  but  agreeable 
flavour : if  expofed  to  the  air  in  an  open  bottle 
or  calk,  a white  fibrous  and  probably  albumi- 
nous matter  is  depofited,  the  fupernatant  oil 
becoming  clear,  and  of  a dilute  yellow  colour ; 
the  oil  being  poured  off  into  a frefh  veflel,  a 
fecond  depofition  takes  place,  after  which  the 
oil  if  put  in  clean  glafs  vials,  may  be  kept  for  a 
confiderable  time  without  alteration.  If  the  oil 
is  allowed  to  ftand  on  the  white  matter,  it 
becomes  in  a few  weeks  very  rancid ; and  the 
common  oil  even  when  properly  managed, 
cannot  be  preferved  in  calks  longer  than  a year 
and  a half,  or  two  years  at  the  fartheft.  The 
fp.  gr.  of  olive  oil  is  3=0.9153  ; it  boils  at 
about  500°  Fahr.  and  congeals  at  36°  Fahr. 
The  readinefs  with  which  it  freezes  renders  it 
improper  for  lamps, efpecially  in  cold  countries; 
but  by  previoufly  expofing  the  oil  in  an  open 
clear  glafs  vial  to  the  funfliine,  it  may  be  fo  far 
amended  in  this  refpeft,  as  to  continue  fluid  at 
21®  Fahr.  ‘ OHve  oil  is  often  fophifticated  by 
poppy-feed  oil,  and  thus  is  rendered  fomewhat 
drying,  a property  which  the  genuine  produce 
of  the  olive  never  exhibits.  In  thofe  countries 
where  it  is  produced  it  is  employed  in  food,  as 
butter  is  with  us : the  inferior  forts  are  burnt 
in  lamps,  or  made  into  foaps,  for  the  moll;  part 
of  a finer  quality  than  thofe  that  are  compofed 
of  animal  oils.  It  is  ufed  in  medicine  fometimes 
internally,  but  generally  externally,  combined 
with  wax,  litharge,  &c.  into  cerates  and 
plafters. 

'Cornel  OIL 

The  only  oil  refembling  that  from  the  olive,  In 
being  contained  not  in  the  feed  but  in  the  pulpy 
fruit  of  a vegetable,  is  cornel  oil.  The  berries 
of  this  flirub  (Cornus  fanguinea,  Linn.)  being 
collefted  when  quite  ripe,  and  then  laid  in 
heaps  for  a few  days  in  order  to  mellow,  are  to 
be  reduced  tq  a pulp,  and  preflTed  without  heat 
in  the  ufual  manner.  By  this  treatment,  from 
22  lbs.  avoir,  may  be  obtained  fomewhat  more 
than  four  wine  pints  of  a fat  fomewhat  vifcid 
oil,  of  a bright  green  colour,  and  equally  defti- 
tute  of  any  unpleafant  flavour  as  the  heft  olive 
oil.  When  heated  with  nitric  acid  it  is  con- 
verted to  a lemon-yellow  butter  or  wax.  By 
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boiling  with  litharge  it  becomes  drying ; when 
fpread  thin  on  water  and  expofed  to  the  ait  for 
a month,  it  is  converted  into  a white  wax.  It 
does  not  freeze  fo  readily  as  olive  oil,  and  lafti 
rather  longer  than  this  when  ufed  in  a lamp,  f 

Almond  Oil. 

This  is  procured  either  from  the  fweet  or 
bitter  almond.  The  almonds  are  firft  put  Into 
a coarfe  hempen  or  hair  fack,  and  fliaken  vio- 
lently, in  order  to  detach,  by  rubbing  againfl: 
each  other  and  the  fides  of  the  fack,  the  outer 
brown  fkin,  which  if  retained  is  apt  to  give  a 
bitter  tafte  to  the  oil : they  are  then  bruifed  and 
made  into  a pafte,  and  prefled  in  the  ufual  man- 
ner. 100  lbs.  of  almonds  afford  by  the  firft 
expreffion,  25  lbs.  of  oil,  and  from  the  marc 
when  impregnated  with  the  fleam  of  hot  water, 
may  be  procured  15  lbs.  more  of  an  inferior 
kind.  Almond  oil  when  frefh,  is  of  a light 
greenifh  yellow  colour,  and  is  fomewhat  turbid, 
but  by  time  it  becomes  clear  and  colourlefs : it 
is  flightly  fweetifh  to  the  tafte,  and  has  little  or 
no  odour.  Its  fp.  gr.  is  3=  0.917.  The  de- 
gree at  which  it  congeals  is  varioufly  ftated  at 
19*  Fahr.  and  8°  Fahr. ; the  former  probably 
relates  to  the  frefh-drawn  oil.  The  only  differ- 
ence between  the  oil  from  fweet  and  that  from 
bitter  almonds  is,  that  the  latter  may  be  kept 
the  longeft  vidthout  growing  rancid.  On 
account  of  its  high  price,  at  leaft  in  moft  of  the 
countries  of  Europe,  It  is  almoft  entirely  re- 
ftridteJ  to  medical  ufes. 

Poppy-feed  Oii,  or  Pink  Oil, 

This  oil  is  extra£led  by  cold  drawing  from 
the  feeds  of  the  large  white  poppy  (Papaver 
fomniferum.  Linn.)  which  is  largely  cultivated 
for  this  purpofe  in  France,  tire  Netherlands, 
and  various  parts  of  Germany.  It  is  tranfpa- 
rent  and  nearly  colourlefs,  and  when  well  pre- 
pared has  no  other  tafte  or  flavour  than  a flight 
one  of  nut-kernels.  Its  fp.  gr.  is  33:  0.9288  f 
it  is  one  of  the  naturally  drying  oils,  and  like 
all  of  that  clafs  Is  frozen  with  difficulty  ; it  may 
be  cooled  down  to  o®  of  Fahr.  without  congeal- 
ing. When  employed  in  food  it  is  fcarcely  to 
be  diftinguiflied  from  olive  oil,  and  indeed  this 
latter  is  very  commonly  adulterated  with  it. 
As  to  the  quantity  of  oil  yielded  by  a given 
weight  of  the  feeds,  authors  are  by  no  means 
agreed,  and  much  no  doubt  depends  not  only 
on  the  mode  of  extra£ling  It,  but  alfo  on  the 
feafon  and  country  in  which  the  feeds  are  pro- 
duced; from  100  lbs.  of  frefh  feeds,  fome  ftate 
the  produce  of  oil  at  25  lbs,  and  others  at  58  IbSi 
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It  is  uTed  both  for  food  and  in  the  compofuion 
cf  varniflies,  but  is  very  unfit  to  burn  in  a lamp. 
lAnfced  Oil. 

The  feeds  of  the  common  flax,  from  which 
this  oil  is  produced,  confift  of  a white  kernel 
covered  by  a thin  brownilh  fliell.  As  it  is 
impoffible  to  feparate  the  fhell  from  the  kernel, 
the  entire  feed  muft  be  fubmitted  to  the  prefs, 
but  if  thus  treated  without  any  previous  prepa- 
ration, the  quantity  of  oil  obtained  is  compara- 
tively fmall  on  account  of  a ftrong  mucilage 
that  refides  in  the  (hell,  and  abforbs  a large 
proportion  of  the  oil  as  it  is  forced  out  of  the 
kernel.  For  this  rcafon,  and  becaufe  the  cold 
drawn  oil  is  not  fo  fit  for  the  purpofes  to  w hich 
linfeed  oil  is  generally  applied  as  that  which  is 
hot  drawn,  tire  following  method  is  generally 
taken  to  deftroy  the  mucilage  before  the  appli- 
cation of  the  prefs.  An  iron  veflel  like  a fand- 
bath,  and  capable  of  containing  fome  bufliels, 
is  fixed  in  a furnace:  it  is  then  filled  with 
linfeed  and  heated  by  a moderate  fire,  care 
being  taken  to  ftir  up  its  contents  from  time  to 
time,  that  every  part  may  be  equally  roalted; 
at  firfi;  there  arifes  an  abundance  of  aqueous 
vapour,  which  as  the  heat  is  increafed  is 
followed  by  denfe  blackifli  fumes  of  a very 
naufeous  odour.  The  torrefadlion  being  corn- 
pleated,  the  pafte  is  prefTed  in  the  mill  in  the 
ufual  way. 

The  proportion  of  oil  yielded  by  this  feed  is 
about  20  per  cent:  its  ip.  gr.  is  :r=:o.9403. 
It  is  not  congealed  except  by  a cold  below 
o°  Fahr.  its  point  of  ebullition  is  about  6co"  of 
the  fame  thermometer.  The  cold  drawn  oil 
has  a high  yellow  colour,  is  very  undluous  and 
unpleafant  both  to  the  tafte  and  fmell;  by  ex- 
pofure  to  the  air  and  light  it  becomes  drying. 
The  hot  drawn  oil  is  of  a high  yellowilh  red  or 
deep  wine  colour,  it  Is  ftill  more  naufeous  than 
the  former;  it  is  of  a thicker  confiftence,  and 
dries  without  much  difficulty  In  the  air,  more 
efpecially  if  It  has  been  boiled  with  a little 
litharge.  Linfeed  oil  is  employed  a little  in 
medicine,  but  the  great  demand  for  It  is  in  the 
coarfer  kinds  of  painting,  particularly  fuch  as 
is  not  much  expofed  to  the  weather,  as  floor 
doths,  &c. 

Hempfeed  Oil, 

This  oil  is  of  a green  colour  and  Is  ftrongly 
impregnated  with  the  peculiar  odour  of  the 
plant.  The  proportion  of  oil  that  hempfeed 
affords  Is  from  20  to  25  per  cent.  In  Its 
general  properties,  ufes,  and  mode  of  prepara- 
tion it  Ciofely  refembles  the  preceeding. 


Oils  of  Mufardfeed^  Cole-feed,  Rape  feed,  and 
Sinifloiver-Seed. 

Thefe  oils  are  lefs  coloured  and  lefs  highly 
flavoured  than  the  tw'o  preceeding,  tliey  are 
very  little  liable  to  dry  by  expofure  to  the  air, 
which,  together  with  their  moderate  price, 
induces  a large  confumption  of  them  by  the 
wool  dreflers  in  order  to  preferve  the  wool  from- 
the  attacks  of  moths  and  other  iufefts;  and  by 
the  leather  drelTers. 

Nut-Oil. 

This  is  obtained  cluefly  by  cold  drawing  from 
the  kernels  either  of  the  walnut  or  of  the  hazle 
nut.  In  the  w’arm  climate  of  the  South  of 
Europe  thefe  fruits  come  to  their  full  perfedion, 
and  will  yield  by  proper  management  full  half 
their  weight  of  oil.  Recent  cold  drawn  nut 
oil  is  by  many  preferred  to  olive  oil,  on  account 
of  the  exquifite  nut  flavour  which  it  retains:  the 
hot  drawn  has  an  empyreumatic  tafte,  and  is  no 
longer  fit  for  the  table*,  it  is  however  in  high 
requeft  by  th.e  painter,  as  being  eminently 
drying,  much  lefs  coloured  than  linfeed  oil, 
and  capable  of  bearing  the  injuries  of  the 
weather  better  than  any  other  oil. 

Beech-nut  Oil. 

Several  ineftedlual  attempts  have  been  made 
to  manufadture  this  oil  with  profit  from  Englift\ 
Beech  maft.  Various  caufes  have  probably 
concurred  (o  occafion  the  failure,  particularly 
the  inexpertnefs  in  the  method  of  extradlion, 
and  in  all  probability  a real  defcdl  of  oil  compa- 
red to  that  contained  in  the  beech  nuts  of 
France  and  the  South  of  Germany.  The  fol- 
lowing is  the  method  adopted  by  fome  manu- 
fadlurers,  and  appears  upon  the  whole  to  be 
the  beft.  The  nuts  when  feparated  from  the 
outer  prickly  receptacle  are  palled  through  a 
mill,  the  ftones  of  which  are  fet  fufficiently 
wide  to  break  off  the  outer  fliell  without  mate- 
rially bruifing  the  kernel,  after  M-hich  by  means 
of  the  common  winnowing  machine  the  Ihells 
are  got  rid  of.  The  decorticated  nuts  are  then 
thrown  into  fcalding  water,  and  all  thofe  that 
fwiin  are  rejedled  as  being  mouldy  and  worm 
eaten,  and  therefore  communicating  a bad  tafte 
to  the  oil:  the  reft  are  reduced  to  a pulp,  and 
then  cold  drawn,  when  they  will  be  found  to 
yield  15  per  cent,  of  a clear  light  coloured 
nearly  infipld  oil,  to  the  full  as  good  as  common 
olive  oil.  The  marc  being  now  flightly  torrefied 
and  again  prelTed,  will  afford  12  per  cent,  more 
of  an  inferior  oil,  and  the  dry  refidue  is  an 
excellent  food  for  cattle,  much  better  than 
common  oil  cake. 
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Oil  of  Ben.  Oleum  Balani  of  the  ancients. 

This  oil  is  procured  by  expreflion  from  the 
ilecorticated  feeds  of  the  Guilandia  Moringa, 
a tree  that  grows  in  Ceylon,  Ethiopia,  Egypt 
and  A-rabia.  too  lbs.  of  the  feeds  yield  23  lbs. 
of  a yellowifli  limpid  oil,  inodorous,  infipid, 
and  which  does  not  become  rancid  by  expofure 
to  the  air.  On  this  account  it  is  much  ufed  by 
the  Italians  as  the  balls  of  their  perfumed  oils, 
which  are  commonly  prepared  by  iilling  a cover- 
ed diih  with  alternate  layers  of  cotton  leaked  in 
Ben  oil,  and  flowers  of  jafmine,  violet,  orange, 
&c.  after  the  difh  has  been  let  in  hot  water,  or 
in  the  funflilne  for  a few  days,  its  contents  are 
unpacked  and  the  oil  fqueezed  out  of  the  cotton, 
which  by  this  Ample  procefs  is  found  to  be 
highly  impregnated  with  the  aromatic  qualities 
of  the  flowers. 

There  are  feveral  other  kinds  of  exprefled 
oils  employed  in  various  countries  as  food,  or 
in  lamps,  &c.  but  of  which  we  lhall  only  par- 
ticularize the  two  following,  as  being  fpecimens 
of  the  vegetable  butters. 

Butter  of  Cacao. 

This  oil  is  procured  from  the  chocolate  nut, 
the  fruit  of  the  Theobroma  Cacao.  The  nuts 
are  firft;  gently  roafted  till  the  thin  outer  hulk 
fhells  off,  and  are  then  beaten  up  into  a fmooth 
thin  palle  by  the  addition  of  eight  times  their 
weight  of  warm  water.  This  mixture  being 
then  kept  at  a gentle  boiling  heat  for  fome 
hours,  a liquid  oil  rifes  to  the  furface,  which 
when  the  lire  is  withdrawn  concretes  into  a 
febaceous  matter  of  a grey  colour,  and  amount- 
ing to  about  45  per  cent,  of  the  entire  nuts. 
This  oil  may  be  rendered  nearly  white  by  re- 
peated walhing  in  fcalding  water.  It  has  little 
or  no  tafte,  but  retains  for  a long  time  the 
delicate  flavour  of  chocolate,  and  appears  to  be 
the  leaft  difpofed  of  any  of  the  oils  to  become 
rancid.  It  is  employed  in  America  as  an 
article  of  food,  and  in  the  compolition  of  un- 
guents and  medicated  foaps. 

Palm  Oil, 

Many  of  the  palms  produce  a hard  nut  like  a 
date  done,  but  abounding  in  oil.  Of  thefe  the 
two  principal  are  the  Cocos  butyracea  and 
Eleceis  guineenfis.  The  fruit  when  ripe  is  heap- 
ed up  and  nightly  fermented  in  order  in  fome 
meafure  to  loften  it;  being  then  coarfely  pound- 
ed it  is  macerated  in  hot  water,  and  thus  by 
degrees  parts  with  its  oil,  which  colle£ls  on  the 
furface  of  the  water,  and  by  cooling  concretes 
into  a folid  cake:  it  Is  purified  by  wafliing  in 
hot  water  and  is  then  fit  for  ufe.  It  has  a light 
lemon  yellow  colour,  little  or  no  tafte,  but  a 


high  odour  and  flavour  like  that  of  the  Florcn*^ 
tine  iris:  by  long  keeping  it  becomes  rancid,- 
and  then  is  nearly  white  and  almoft  without 
odour.  It  is  largely  ufed  by  the  negroes  in- 
Africa  and  the  Weft  Indies  as  food,  and  in 
Europe  is  employed  in  medicine,  and  in  the 
compofition  of  the  beft  yellow  foap. 

Oils  Vegetable,  Essential,  or  Volatile.- 

Thefe  oils  are  fo  called  becaufe  they  are 
evaporable  at  a moderate  heat  without  decom- 
pofition,  and  becaufe  in  them  the  odour  or 
fragrance,  or  as  it  was  called  by  the  old  chemifts, 
the  ejfence  of  vegetables  refides.  They  are  not 
confined  to  any  particular  parts  of  a plant,  but 
exift  in  minute  cells  diftributed  through  the 
root,  the  wood,  the  bark,  the  leaves,  the  blof- 
foms,  and  feeds.  The  part  in  which  they  occur 
lefs  frequently  than  any  other  is  the  lobe  or 
cotyledon  of  the  feed,  the  peculiar  feat  of  the 
fixed  oil,  while  the  hulk  or  cover  of  the  feed  Is 
always  more  or  lefs  impregnated  with  volatile 
oil,  the  acrimony  of  which  defends  In  fome 
degree  the  rudiments  of  the  young  plant  from, 
the  depredation  of  infers. 

The  method  of  extra£ting  the  volatile  oil 
differs  for  the  moft  part  very  materially  from 
thofe  which  we  have  already  deferibed  as  prac— 
tifed  for  the  fixed  oils.  Thofe  which  are 
procured  from  the  rinds  of  the  lemon,  the 
orange,  and  the  bergamotte  orange  are  the 
only  ones  capable  of  being  obtained  by  expref- 
fion,  which  is  performed  in  the  following, 
manner.  A fmall  wheel  with  its  circumference 
fet  with  fhort  nails  is  put  in  motion,  and  a 
lemon  or  orange  is  applied  to  it  till  the  whole 
of  the  yellow  outer  rind  is  thus  rafped  away: 
the  rafpings  fall  to  the  bottom  of  the  cafe  ia 
which  the  wheel  turns,  and  when  a fufiicient 
quantity  is  collected,  are  fqueezed  between  two 
plates  of  glafs ; by  this  gentle  preflure  the 
eflential  oil  flows  from  the  ruptured  cells  into 
any  convenient  velfol  placed  to  receive  it,  and 
undergoes  no  further  preparation  except  that  of 
being  allowed  to  reft  till  the  water  and  other 
impurities  have  fubfided. 

A method  analogous  to  that  by  which  the 
vegetable  butters  are  obtained  is  fometimes 
praftiled  in  India  for  procuring  that  delicious- 
and  coftly  perfume  the  oil  or  attar  of  roles. 
For  this  purpofe  a clean  calk  or  large  glazed 
earthen  jar  is  filled  with  rofe  leaves  carefully 
feparated  from  the  calyxes,  and  fpring  water 
poured  on  juft  fufficient  to  cover  them:  the. 
velfel  with  its  contents  is  then  fet  in  the  fun 
for  two  or  three  days,  and  taken  under  cover 
during  the  night.  At  the  end  of  the  third  or 
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fourth  day  fmall  particles  of  yellow  oil  will  be 
feen  floating  on  the  furface  of  the  water,  which 
in  the  courle  of  a week  will  have  increafed  to  a 
thin  fcum;  this  is  taken  up  by  a little  cotton 
tied  to  the  end  of  a (tick,  and  fqueezed  into  a 
fmall  vial. 

The  oil  contained  in  the  fragrant  bloflbms  of 
thofe  plants  which  have  none  in  their  other 
parts,  as  the  violet,  the  mignonette,  the  jaf- 
mine,  the  tuberofe,  the  hyacinth,  and  all  the 
fcented  liliaceous  plants,  &c.  although  exceed- 
ingly odorous,  is  fo  minute  in  quantity  and  fo 
ealily  deftroyed  by  heat  as  to  be  incapable  of 
being  extradied  in  any  other  way  than  by  means 
of  the  oil  of  ben,  as  defcribed  in  the  laft  article. 
The  fragrant  oil  may  afterwards  be  feparated 
from  the  oil  of  ben  in  the  following  manner. 
Let  a vial  be  half  filled  with  a mixture  of 
alcohol  and  perfumed  oil  in  equal  proportions, 
and  fhaken  for  a few  minutes  that  every  particle 
of  each  may  come  in  conta£f  with  the  other; 
then  pour  off  the  alcohol  from  the  oil,  which 
will  be  found  to  be  nearly  inodorous,  having 
yielded  its  efl'ential  oil  to  the  alcohol.  Let  this 
perfumed  fpirit  be  fliaken  again  with  fucceflive 
portions  of  oil,  till  the  richnefs  of  its  fragrance 
IS  not  fenfibly  increafed,  and  then  pour  it  into 
a bafon  containing  two  or  three  times  its  bulk 
of  pure  water : the  water  and  alcohol  will 
combine  together,  and  the  greater  part  of  the 
efl'ential  oil  will  be  liberated  and  will  float  at 
the  top  of  the  liquor,  from  which  it  may  be 
fcummed  ofl^  by  means  of  a little  cotton.  The 
liquor  being  afterwards  fubmitted  to  very  gentle 
dlilillation,  the  firfl;  portion  of  ipirit  that  comes 
over  will  be  found  to  be  ftill  very  fragrant,'  and 
may  be  employed,  mixed  with  frelh  alcohol,  in 
■treating  other  portions  of  fcented  oil. 

By  far  the  greater  number  however  of  elTen- 
tial  oils  are  obtained  by  diredl  diftlllation.  If 
the  fubftance  to  be  treated  is  a frefli  herbaceous 
plant  it  requires  no  previous  treatment,  but  if  it 
is  a dried  plant,  a few  hours  maceration  in 
■water  is  advifable;  if  a bark  or  wmod  is  to  be 
dillilled  it  mull  be  rafped  or  cut  into  fliavings 
and  macerated  for  feveral  days,  'fliis  being 
done,  a tinned  copper  ftill  or  alembic  is  to 
be  charged  with  the  folid  materials  clofely 
jammed  down,  on  which  is  to  be  poured  juft 
water  enough  to  cover  them,  the  head  being 
then  luted  on  and  the  refrigeratory  filled  with 
cold  water,  the  fire  mull  be  lighted  and  lb 
regulated  as  to  keep  the  contents  of  the  ftill 
conllantly  fimmering,.but  fcarcely  boiling.  The 
fteam  being  condenfed  in  the  worm  v/ill  form 
a fmall  ftrcam  of  water,  and  is  to  be  collebled 


In  proper  veflels  till  it  comes  off  nearly  infipid 
and  inodorous,  when  the  diftillation  is  to  be 
ftopped.  The  firfl;  part  of  the  produce  being 
turbid  from  fuperfaturation  with  efl'ential  oil  is 
to  be  kept  for  fome  hours  in  a cold  place,  during 
which  time  the  excefs  of  oil  will  feparate  from 
the  water,  and  either  float  on  its  furface  or  fink 
to  the  bottom,  according  to  its  fpecific  gravity. 
The  compleat  feparation  of  the  oil  from  the 
diftilled  water  is  effebled  by  a very  Ample  in- 
ftrument  called  the  Italian  recipient,  (defcribed 
in  the  appendix)  and  the  whole  of  the  water 
drawn  off  in  the  firft  diftillation  is  to  be  em- 
ployed as  far  as  it  will  go  in  the  next,  inftead 
of  plain  w'ater,  by  which  it  is  manifeft  that  the 
produce  of  oil  in  the  fecond  diftillation  will 
exceed  that  of  tire  firft,  (other  circumftanccs 
being  equal)  by  all  the  quantity  held  in  perma- 
nent folution  by  the  water  of  the  former  procefs. 
Hence  it  is  manifeft  that  by  this  mode  of 
proceeding,  the  amount  of  oil  yielded  by  equal 
quantities  of  the  fame  fubftance  mm  11  form  a 
conftantly  increafing  feries,  till  the  whole  of  the 
water  drawn  off  by  each  diftillation  is  compleat- 
ly  faturated  with  oil.  This  accounts  in  fome 
degree  for  the  great  difference  in  the  propor- 
tions of  oil  obtained  by  different  chemifts  from 
the  fame  plants;  for  as  Bindheim  has  fatisfac- 
torily  fliown,  it  is  not  till  the  feventh,  or  even 
in  fome  cafes  the  tenth  diftillation  that  the 
produce  of  oil  attains  its  maximum. 

It  is  not  only  from  the  odorous  vegetables 
themfelves  that  efl'ential  oil  may  be  procured, 
but  alfo  from  fuch  of  the  immediate  produdls 
of  vegetation  as  poffefs  any  odour ; fuch  are  the 
balfams  and  many  of  the  refins  and  gum  refms. 
The  procefs  to  be  followed  is  diftillation  with 
M'ater  and  precifely  the  fame  fubfequent  treat- 
ment as  we  have  already  defcribed. 

The  peculiar  odour  of  vegetables,  when  not 
in  a ftate  of  decompofitlon,  depending  on  the 
volatile  oil  that  they  contain,  it  will  be  obvious 
that  the  odours  of  the  oils  themfelves  muft  be 
equally  various  and  therefore  incapable  of  being 
defcribed.  The  tafte  of  all  of  them  is  exceed- 
ingly hot  and  pungent,  but  in  fome,  particularly 
the  oil  of  peppermint,  is  followed  by  a remark- 
able fenfation  of  coldnefs : this  hoM'ever  is 
merely  a nervous  fenfation,  the  thermometrical 
temperature  undergoing  no  change.  The  acri- 
mony of  fome  of  the  oils,  as  the  oil  of  cloves, 
is  fo  great  as  adlually  X<S  deftroy  the  outer  fkin 
of 'the  tonguciand  of  other  fenfible  parts.  The 
confiftence  of  the  efl'ential  oils  is  very  various  ; 
fome  being  as  limpid  as  water.  Mobile  others  are 
thick  and  glutinous  like  the  exprelTed  oils.  A 
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■flight  (fcgree  of  cold  is  fufficient  for  their  con- 
gelattorr,  at  which  time  they  aflume  the  appear- 
ance of  cryftaliine  plates,  which  however  mud 
not  be  confounded  with  the  prifmatic  cryftals 
that  moft  of  them  depofit  by  long  expofure  to 
the  air.  The  colours  of  eflential  oils  are  various; 
fome  are  blue,  others  green,  but  the  ufual  colour 
is  light  yellow  verging  more  or  lefs  by  long 
Jceeping  to  reddilh  brown. 

Eflential  oil  is  compleatly  volatile  without 
decompofition  at  a heat  lefs  than  that  of  boiling 
water ; (hence  if  a few  drops  are  fpread  on  a 
piece  of  paper  and  then  held  for  a minute  or 
two  before  the  fire,  any  fophillication  with  ex- 
prefled  oil  may  be  deteffed  by  the  greafe  fpot 
that  will  remain  after  the  volatile  oil  has  been 
entirely  exhaled).  It  may  however  be  detained 
in  a higher  heat  by  mechanical  mixture  with 
dry  clay  or  fand,  and  then  it  undergoes  a partial 
decompofition,  carburetted  hydrogen  being  given 
out  and  a little  charcoal  remaining  in  the  re- 
ceiver : the  undecompofed  refidue  if  fubjedfed 
thi'ee  or  four  times  fuccelTively  to  fimilar  treat- 
ment will  be  entirely  deftroyed. 

Elfential  oils  are  highly  combullible ; they 
take  fire  on  the  application  of  an  ignited  body 
or  by  the  eledbric  fpark,  and  burn  with  a large 
white  flame  and  a denfe  black  fmoak  ; a larger 
proportion  of  oxygen  is  required  for  their  com- 
buftion  than  of  the  other  oils,  and  a greater 
quantity  of  water  is  produced. 

The  elfential  oils,  efpecially  the  more  volatile 
of  them,  deoxygenate  atmofpheric  air  very  com- 
pleatly, as  was  firft  afcertained  by  Prieftley, 
which  in  part  at  leall  accounts  for  the  uneafy 
fenfations  experienced  by  moft  perfons  when  in 
a clM^e  newly  painted  room.  In  proportion  to 
the  oxygen  abforbed  the  oil  becomes  thick  and 
coloured,  more  efpecially  if  it  is  at  the  fame 
time  expofed  to  the  fun,  and  at  length  nearly 
lofes  its  peculiar  odour  and  approaches  in  con- 
fiftence  to  a foft  refin.  In  thofe  oils  that  are 
naturally  thick  a change  of  another  kind  takes 
place : a weakly  acidulous  water  is  produced 
and  prifmatic  cryftals  are  depofited,  the  refidue 
of  the  oil  becoming  in  the  mean  time  concrete. 
Thefe  cryftals,  which  have  been  occafionally 
miftaken  for  camphor,  are  flightly  foluble  in 
hot  water,  and  more  fo  in  alcohol,  to  which 
they  communicate  the  property  of  reddening 
vegetable  blues : when  gently  heated  they  melt 
and  cryftallize  in  needles  by  cooling ; when 
treated  by  the  blowpipe  they  evaporate,  but  do 
not  inflame : from  thefe  charadbers  they  have 
been  confidered  as  an  acid  very  analogous  to 

* An.  Chim,  xxi.  17^ 


the  benzoic.  It  appears  from  the  experiment* 
of  Margueron  that  fome  oils  when  expofed  to 
a freezing  mixture  undergo  the  fame  change  : 
at  the  moment  of  congelation  a portion  of  highly 
odorant  gas  is  difengaged,  a watery  acid  is  pro- 
duced and  cryftals  are  depofited.  Some  elfen- 
tial  oils  however  afford  real  camphor  by  evapo- 
ration, as  Prouft  has  fliown,  and  as  the  reader 
will  find  fully  detailed  under  the  article  Cam- 
phor. 

Oil  that  by  long  keeping  in  a half-clofed 
bottle  has  become  thick  and  nearly  fccntlefs, 
may  be  redbified  by  rediftilling  it  with  water 
and  fome  of  the  freftr  vegetable  from  which  it 
was  originally  extradbed,  and  this  was  often 
cited  as  a proof  that  the  fubftances  called  eflen- 
tial  oils  were  in  reality  compounds  of  refm  and 
the  fpiritus  reBor^  or  aromatic  principle.  But 
precifely  the  fame  effedb  may  be  produced  by 
means  of  alcohol  or  ftill  more  readily  by  ether. 
This  curious  and  important  fadb  was  firft  ftated 
by  De  Roover  ',  from  whofe  experiments  it 
appears  that  if  thick  fpoiled  oil  be  mixed  with 
tV  of  fulphuric  ether  for  a few  days  and  then 
diftilled  with  pure  water,  more  than  half  the 
oil  will  come  over  perfedbly  limpid  and  poflelTed 
of  its  peculiar  odour,  while  the  remainder  will 
be  left  behind  in  the  ftill  in  the  ftate  of  a dark 
coloured  refin.  The  united  weights  of  the  dif- 
tilled oil  and  refin  exceed  that  of  the  original 
oil,  whence  it  is  probable  that  the  ether  adbually 
combines  with  part  of  the  oil,  and  probably  by 
fupplying  it  with  hydrogen,  reftores  to  it  the 
liquidity  and  odour  which  it  poflefled  at  firft. 
It  is  to  be  regretted  that  M.  De  R,  did  not  fol- 
low up  his  experiments  by  treating  the  refinous 
portioh  with  frefh  quantities  of  ether,  fo  as  to 
afeertain  whether  it  was  poflible  to  convert  it 
in  part  or  entirely  into  volatile  oil  as  at  firft. 

Elfential  oil  is  -fparingly  foluble  in  water, 
from  which  it  may  be  feparated  by  diftillation,. 
but  is  taken  up  much  more  abundantly  by  alco- 
hol ; this  folution  however  is  decompofable  by 
water,  the  greateft  part  of  the  oil  being  fepa- 
rated. 

Both  fulphur  and  phofphorus  are  foluble  in 
eflential  oils  equally  well  as  in  the  fixed  and 
with  nearly  the  fame  phenomena : phofphorized 
oil  is  luminous  in  the  dark,  has  a fetid  odour, 
and  gives  out  phofphuretted  hydrogen  by  diftil- 
lation : fulphurized  oil  is  of  a yellow  or  brown 
colour,  and  gives  out  on  diftillation  fulphuretted 
hydrogen  ; it  is  often  called  balfam  of  fulphur. 

The  ftronger  acids  more  vigoroufly  on 
the  eflential  oils  than  they  do  even  on  the  fixed. 

‘ Nlch,  JeurB.  8vo.  vil.  p.  68. 
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Sulphuric  acid  caufes  a ftrong  effervefcence  and 
-evolution  of  heat,  the  oil  is  rendered  thick  and 
brown,  and  water  is  produced.  Highly  con- 
centrated and  fuming  nitrous  acid  if  poured 
fuddenly  on  thefe  oils  occafions  an  inllantaneous 
inflammation ; but  if  fomewhat  diluted  and 
added  drop  by  drop  a confiderable  effervefcence 
takes  place,  accompanied  by  the  difengagement 
of  nitrous  gas ; the  oil  becomes  thick  and  yel- 
low and  at  length  aflumes  the  appearance  of  a 
foft  refm : by  wafhing  in  repeated  portions  of 
water  all  the  acid  is  got  rid  of.  The  refmous 
matter  thus  procured  is  infoluble  in  water,  but 
very  foluble  in  alcohol,  to  which  It  gives  a 
bright  wine  colour  and  a bitter  fub-aromatic 
flavour ; it  is  inflammable  and  exhibits  moft  of 
the  other  properties  of  true  refm. 

The  action  of  muriatic  acid  upon  the  volatile 


_Name  and  Jlate  of  the  Vegetable. 

Quantity. 

.Anife,  feeds  - - - 

1 6 lbs. 

I Ib.  > 
I lb. 

Cajeput,  feeds  - - 

- 

- 

- 

Camomile,  flowers 

- 

- 

- 

82  lbs. 

ditto 

- 

- 

- 

20  lbs. 

Capivi,  balfam  - - 

I lb. 

Carraway,  feeds 

- 

- 

- 

6 lbs. 

ditto 

- 

- 

- 

I cwt. 

Cedar,  wood  - - - 

I lb. 

Cinnamon,  bark 

- 

- 

- ■ 

I2|  lbs. 

ditto 

- 

- 

- 

I lb. 

ditto 

- 

- 

- 

4 lbs. 

ditto 

- 

- 

- 

3 lbs. 

Cloves  - - ^ - 

r 

- 

- 

I lb. 

Ditto  ----- 

2 lbs. 

Coriander,  feeds 

- 

- 

- 

164  lbs. 

Cubeb,  feeds  - - 

- 

- 

- 

I2j  lbs. 

Cummin,  feeds  - - 

- 

- 

- 

20  lbs. 

. — ditto  - - 

- 

- 

I buflrel 

Dill,  the  frefli  plant 

- 

- 

- 

60  lbs. 

feeds  _ - - 

- 

- 

- 

4 lbs. 

ditto  - - - 

4 lbs. 

Elecampane,  frefir  root 

- 

- 

12  lbs. 

ditto  - 

- 

- 

- 

12  lbs. 

Fennel,  feeds  - - 

- 

- 

- 

75  lb. 

• ditto  - - 

- 

- 

- 

I lb. 

Feverfew,  in  flower 

- 

- 

- 

56  lbs. 

Ginger,  root  - - - 

I lb. 

Hyfl'op,  flowers  - - 

- 

- 

- 

20  lbs. 

leaves 

- 

- 

- 

2 cwt. 

Juniper,  berries  - - 

- 

- 

- 

10  lbs. 

ditto  - - 

- 

- 

- 

48  lbs. 

ditto  - - 

- 

- 

- 

8 lbs. 

Lavender,  flowers 

- 

• 

- 

80  lbs. 

ditto  - - 

- 

- 

- 

48  lbs. 

flalks  and  flowers 

- 

13I  cwt. 

oils  has  been  hut  little  examined^  When  thrown 
in  a gafleous  form  into  oil  of  turpentine  it  black- 
ens it  and  caufes  a precipitation  of  a fpecies  of 
Camphor  on  fubfequent  wafhing  with  water. 
Oxymuriatic  acid  thickens  the  volatile  oils  and 
brings  them  nearly  to  the  ftate  of  refms  with 
little  or  no  colour. 

The  alkalies  combine  though  imperfe6Uy  and 
not  without  difficulty  with  the  eflential  oils, 
forming  a clafs  of  Soaps,  of  which  we  fhall 
fpeak  more  at  large  hereafter. 

We  fhall  clofe  this  article  by  the  following 
lift  of  the  principal  vegetables  that  afford  eflen- 
tial oil,  and  of  the  proportions  obtained  from  a 
given  weight  of  the  materials,  premifmg  that 
confiderable  allowances  are  to  be  made  for  dif- 
ference of  climate,  of  drynefs  in  the  plants,  and 
otlier  caufes  of  uncertainty. 


Amount  (f  Oil,  I Authority. 


7 oz.  - - 

Beaume 

2 drachms 

Neumann 

15  grs.  - - 

Dehne 

18  gros.  - - 

Beaume 

i|oz.  - - 

Dehne 

6 oz.  - - 

Hoffmann 

4|oz.  - - 

Beaume 

83  oz.  - - 

Lewis 

2 drachms 

.Margraff 

I gros.  - - 

Beaume 

2-ifcruples 

Neumann 

6 drachms 

Lemeri 

4 drachms 

Cartheufer 

2|oz.  - - 

Cartheufer 

5 oz.  - - 

Hoffmann 

S oz.  4 gros. 

2 oz.  I gros. 

V Beaume 

12  oz.  - - 

J 

21  oz.  - - 

Lewis 

ijoz.  - - 

Beaume 

2 oz.  - - 

/ 

2 oz.  - - 

Lewis 

Igros.  - - 

Beaume 

3idrachms 

Dehne 

30  oz.  - - 

Beaum^* 

8 fcruples 

Neumann 

i|oz.  - - 

Beaume 

I drachm 

Lewis 

6 gros.  - - 

Beaume 

6 oz.  - - 

Lewis 

4 gros.  - - 

Beaume 

6 oz.  - - 

Dehne 

3 oz.  - - 

Hoffmann,  Cartheufer 

I lb.  9 oz. 

Beaume 

12  oz.  - - 

> Lewis 

60  oz.  - - 

/ 
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Ditto  - - - - - 

Myrtle,  leaves  - - - 
Pepper  Black,  feeds  - - - 

ditto  - - - 

Peppermmt,  whole  plant  - 


Rlrodium,  wood  - - - 

ditto  - - - 

Rofes,  entire  flowers  - - 

petals  - _ - - 

ditto  - - - - - 

Rofemary,  leaves  - - - 

I in  flower  - - 

Rue,  whole  plant  between 
flower  and  feed  - - 

Ditto  ------- 

Ditto  feeds  - - - - - 
Saffron  ------ 

Sage,  in  flower  - - - - 

— — ditto  - - - - - 

Sanders  Yellow,  wood 
Safl'afras,  wood  - - - - 

ditto  - - - - 

Savine,  whole  plant  - - 

bark  - - - - - 

Spearmint,  whole  plant 

in  flower  - - 

Tanfy,  in  flower  - - - 

Thyme,  in  flower  - - - 

— — . — Lemon,  in  flower 

dry  - - - - - 

Wormwood,  the  frefli  plant 
the  dry  leaves 


V. 

Qiiaftiity. 

Amount  oj"  Oil. 

Authority. 

ver 

150  lbs. 

15  oz.  - - 

Beaume 

85  lbs. 

3I0Z.  - - 

Lewis 

- 

10  lbs. 

I gros.  - - 

Beaume 

I lb. 

2-|drachms 

Neumann 

2 lbs. 

6 drachms 

Lewis 

• 

4 lb. 

3 drachms 

Lewis 

^ r 

j ?i  cwt. 

2y  to  6 oz. 

Original  communicaticrti 

• 

80  lbs. 

2 oz.  - - 

Beaume 

I lb. 

3 drachms 

Neumann 

• 

80  lbs. 

l|drachm 

Polier 

- 

I cwt. 

4 drachms 

Tachenius 

- 

I cwt. 

I oz.  - - 

Homberg 

24  lbs. 

I oz.  - - 

Beaume 

- 

1 cwt. 

1 

1 

N 

0 

00 

Lewis 

21  lbs. 

I gros.  - - 

Beaume 

72  lbs. 

3 oz.  - - 

Lewis 

. 

10  lbs. 

2 oz.  - . 

Beaume 

I lb. 

5 fcruples 

Cartheufei’ 

- 

48  lbs. 

from  2i  to  3 oz. 

Beaume 

27  lbs. 

6 drachms 

Lewis 

. 

I lb. 

2 drachms 

Cartheufer 

_ 

60  lbs. 

from  1 20Z.  to  1 3|oz. 

Beaume 

- 

6 lbs. 

2 oz.  - - 

Neumann 

- 

23  lbs. 

4|oz.  - - 

Beaume 

29  lbs. 

9 oz.  - - 

Dehne 

- 

96  lbs. 

I oz.  - - 

Besrumc 

- 

6 lb. 

4|  drachms 

Lewis 

- 

72  lbs. 
2 cwt. 

i|oz.  - - 

5|oz.  - - 

Beaume 

- 

98  lbs. 
3i  lbs. 

2|0Z.  - - 

I j drachm 

^ Lewis 

_ 

712  lbs. 

20  oz.  - - 

Beaume 

- 

18  lbs. 

1 i\oz.  - - 

Lewis 

The  eflential  oils  are  employed  in  medicine, 
in  perfumery,  and  in  the  compofition  of  var- 
niflies  and  of  oil  paints  •,  to  which  latter  purpofe 
the  oil  of  Turpentine  is  almofl;  entirely  ap- 
propriated. 

Oils  Vegetarle  Empyreumatic. 

Almoft  every  vegetable  matter  when  fub- 
je^ied  to  dry  dillillation  affords  a quantity  of 
oil,  varying  accordin  >;  to  the  nature  of  the  fub- 
ftance,  and  the  circumftances  of  the  experiment. 
The  oil  thus  produced  has  not  been  fubjefted 
to  very  accurate  examination,  yet  may  be  de- 
fcribed  as  poffelfmg  the  following  charafters. 
Its  colour  is  yellowifh-red  paffing  into  blackifli- 
red,  it  has  a flrong  odour,  and  an  acrid  empy- 
reumatic tafle ; it  is  more  volatile  than  the 
fixed  oils,  but  lefs  fo  than  the  proper  effential 
ones ; by  re-diftillation  with  a little  water  it 

TOL.  ir. 


comes  over  nearly  colourlefs,  and  more  volatile 
than  before,  though  ftill  poffeffed  of  much  of 
its  empyreumatic  flavour.  Two  of  thefe  oils 
namely,  tar  and  birch  oil,  are  of  confiderable 
importance  ; for  an  account  of  the  firft  we  fliall 
refer  the  reader  to  the  article  Turpentine, 
The  latter  is  prepared  in  Ruflia,  by  cliarring 
birch  wood  in  a clofe  oven,  the  watery  acid  ami 
oil  are  colle(9:cd  in  a large  receiver,  and  the 
latter  produ£f  being  the  lighefl  is  fkimmed  off 
from  the  furface  of  the  water.  This  oil  has  a 
peculiar  fcent,  and  is  faid  to  drive  away  worms 
and  other  infefts,  on  which  account  it  is  ufcd 
in  the  drcffmg  of  Ruflia  leather,  to  which  it 
communicates  thofe  properties  that  render  it  fo 
much  efteemed  by  the  binders  of  books. 

Oils  Animal,  Fixed. 

AU  aniijials  except  thofe  included  In  the 
2 A 
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clafs  of  Infe£fs,  contain  oil ; the  quantity  how- 
ever of  which,  as  well  as  the  fituation  which  it 
principally  occupies  in  the  body,  is  fubje£t  to 
confiderable  variety.  In  all  cafes  it  is  contained 
in  peculiar  receptacles  of  cellular  membrane  ; 
but  thefe  receptacles  in  quadrupeds  are  for  the 
moll  part  but  fparingly  difperfed  among  the 
mufcular  fibre,  are  more  abundant  in  the  bones, 
and  moll  fo  of  all  in  the  cavity  of  the  abdomen, 
and  elpecially  attached  to  the  kidneys.  The 
hog  however  is  an  exception  to  this,  the  prin- 
cipal part  of  his  fat  being  depofited  between  the 
(kin  and  the  mufcles.  In  birds  the  chief  feat 
of  the  oil  is  immediately  below  the  Ikin,  and 
in  water-fowl  it  is  particularly  fecreted  by  a 
colle£lion  of  glands  in  the  rump.  In  the  warm 
blooded  fifh,  as  the  whale,  the  oil  is  chiefly 
contained  in  the  head  and  jaw-bones,  and  is  in- 
terpoied  in  vail  abundance  between  the  Ikin 
and  the  mufcular  flelh.  In  the  cold  blooded 
fifii  It  is  contained  in  the  liver,  as  in  the  fhark, 
the  cod,  and  the  ling ; or  is  difperfed  through 
the  whole  body,  as  in  the  fprat,  the  herring, 
and  pilchard. 

While  the  fat  remains  in  the  living  body  it  is 
always  in  a fluid  or  femi-fluid  Hate,  but  after  it 
has  been  extradled  and  is  expofed  to  the  com- 
mon temperature,  a remarkable  difference  in  its 
confiftence  is  obferved.  The  oil  or  fat  invefling 
the  kidneys  of  quadrupeds  is  called  fuet  or 
tallow,  and  is  the  mofl  folid  andhardell  of  any; 
the  next  in  hardnefs  is  the  fat  of  the  bones, 
and  that  in  which  the  mufcles  are  imbedded  is 
the  next  in  degree;  the  fat  of  the  hog  (called 
lard)  is  the  lead  folid.  The  fat  of  birds  is 
leldom  fo  folid  as  hog’s  lard,  and  in  many 
fpecies  is  adlually  fluid.  The  fat  or  oil  of  filh 
is  almoll  always  fluid  at  the  common  tempera- 
ture. Befides  the  above  varieties  of  animal 
oil,  there  is  yet  another  contained  in  the  yolk 
of  eggs,  and  which  may  be  extradled  by  fimple 
preffure  after  the  yolk  has  been  coagulated  by 
heat. 

Animal  oil  in  its  purefl;  (late  Is  obtained  by 
cutting  frefh  fuet  into  fhreds  and  liquefying  it 
in  boiling  water,  and  then  paflTing  it  through  a 
piece  of  thin  gauze,  In  order  to  feparate  the 
cellular  membrane.  When  thus  purified  It  is 
of  a yellowlfh-white  colour,  moderately  hard, 
of  a mild  talle,  and  nearly  dellitute  of  odour  or 
flavour : it  is  combuflible,  like  the  fixed  vege- 
table oils,  and  agrees  alfo  with  thefe  in  the 
changes  produced  upon  it  by  the  alkalies  and 
ether  chemical  re-agents.  All  the  animal  oils 
however  belong  to  the  clafs  of  umHuous  or  fat 


oils,  none  of  them  being  either  drying  in  itfelf 
or  capable  of  becoming  fo  by  means  of  litharg*- 
or  other  fubllances. 

When  fat  is  expofed  to  dry  difllllatlon,  as 
foon  as  it  acquires  the  temperature  of  about 
400°  it  emits  a white  acrid  and  difagrecable 
vapour ; as  the  heat  increafes  fome  of  the  oil 
comes  over  into  the  receiver,  and  what  remains 
in  the  retort  acquires  a blackifh  tinge ; empy- 
reumatic,  acetous,  and  Sf.bacic  acids,  then 
make  their  appearance,  together  w'ith  carbu— 
retted  hydrogen  and  earbonic  aeid  of  a moll 
remarkably  ollenfive  odour.  This  circumllance 
fhews  that  there  is  a real  difference  between 
animal  and  vegetable  oils,  thefugh  it  has  not  yet 
been  pointed  out  by  chemical  analyfis.  The 
coarfer  kinds  of  animal  oil  being  extradled  by 
means  of  putrefadlion  and  a ftrong  heat,  poflefs 
a much  more  difagreeable  odour  than  any  of 
the  vegetable  oils,  and  when  rancid  difengage 
ammonia  by  the  a£lIon  of  the  fixed  caultic  alka- 
lies, in  which  alfo  they  differ  from  the  latter. 

The  filh.  oils  when  rancid,  and  from  the  mode 
of  tlrelr  extra£lion  tliey,  never  are  otherwife, 
are  for  the  moll  part,  thick  and  glutinous,  which 
in  fome  meafure  difqualifies  them  for  burning 
and  for  fome  other  ufes  to  which  they  are  ap- 
plied., Many  attempts,  for  the  mod  part  with- 
out fuacefs,  have  been  made  to  bring  them  to 
a better  llate,  but  as  appears  from  the  experi- 
nrents  of  Mr.  Dolfie,  •'  they,  may  be  confiderably 
improved  by  means  of  fixed  alkali  and  chalk, 
by  which  the  albumen  and  gluten  are  thrown 
down,  and  the  fopernatant  oil  after  due  rell 
may  be  poured  off'  in  a fluid  llate,  and  very 
fenfibly  amended  both  in  confillence,  in  odour, 
and  in  fitnefs  for  burning. 

Animal  oils  are  fubllances  of  great  economi- 
cal. importance.  They  are  ufed  as  food,  and  ia 
medicine  as  the  bttfe  of  various  unguents:  they 
largely  employed,  in  the  manufadlure  of  foap, 
and  for  burning  either  in  lamps  or  in  the  form 
of  candles. 

Animal  Oil  Volatile,  or  Dippel’s  Oil. 

As  in  the  vegetable  kingdom  oil  is  produced 
by  the  deltruftive  dillillation  of  various  fub- 
llances that  contain  none  in  their  natural  ftate  ; 
fo  it  is  with  refpecT  to  the  animal  kingdom. 
If  albumen,  or  gluten  be  dillilled  at  a dry  heat, 
there  arifes  together  with  the  ammonia,  and 
carburetted  hydrogen,  a quantity  of  fetid  black 
oil ; this  was  made  the  fubje£l  of  various  expe- 
riments, firfl;  by  DIppel,  a chemill  of  Berlin, 
and  afterwards  by  Rouelle,  From  the  concur- 
rent labours  of  thefe  emjairers  it  appears  that 
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of  tlm  oil  Is  re6llfiedby  three  fuccefTive  diftilla- 
tions  from  the  furface  of  water,  or  by  a greater 
number  without  water,  it  becomes  at  length 
quite  colourlefs  and  tranfparent ; it  has  a power- 
ful but  fomewhat  aromatic  odour,  and  is  nearly 
a?  light  and  volatile  as  ether.  It  contains  a 
little  ammonia,  and  hence  changes  the  colour 
of  fyrup  of  violets  green,  it  is  fparingly  foluble 
in  water,  and  largely  fo  in  oils,  ether,  and  alco- 
hol. It  combines  both  with  acids  and  alkalies 
into  imperfedt  foaps;  it  is  very  inflammable, 
and  like  the  vegetable  eflential  oils,  may  be  fet 
on  fire  by  ftrong  nitrous  acid.  If  expofed  even 
to  the  light  it  is  partly  decompofed,  lofing  its 
tranfparency,  and  becoming  of  a brown  colour. 
It  was  formerly  employed  in  medicine,  but  is 
now  wholly  difufed. 

Oil  Mineral,  or  Petrokum.  See  Bitumen. 

Oil  of  Wine.  See  Ether. 

Oil  of  Vitkiol.  See  Sulphuric  Acid. 

Oil  OF  Tartar,  per  deliquium.  See  Car- 
BONAT  OF  Potash. 

OisANiTE.  See  Anatase. 

Olefiant  Gas.  See  Carburetted  Hy- 
drogen. 

Olive  Oil.  See  Oils  Vegetable  Fixed. 

OLIVIN.  Volcanic  Chr^olite.  Peridot  granu- 
liforme.  Hauy. 

Its  colour  is  between  afparagus  and  olive- 
green,  but  by  expofure  to  the  weather  it  be- 
comes yellowifli-brown.  It  occurs  imbedded 
or  difl'eminated  in  bafalt,  and  fometimes  in 
rounded  pieces,  allb,  though  rarely,  in  fmall 
rectangular  prifms.  Internally  its  luftre  varies 
between  glimmering  and  fhining,  and  is  vitreous 
paflTing  into  refinons.  Its  fradture  is  more  or 
lefs  imperfedlly  conchoidal,  palling  into  fplintery 
and  uneven.  Its  fragments  are  indeterminately 
fharp-edged.  When  in  large  pieces  it  exhibits 
granular  didindl  concretions.  It  varies  from 
femi-tranfparent  to  tranflucent.  It  is  hard, 
but  lefs  fo  than  quartz  ; it  is  brittle  and  eafily 
frangible.  Sp.  gr.  3.22  to  3.26.  It  is  nearly 
infufible  before  the  blow-pipe  without  addition  j 
and  lofes  its  colour  by  digeftion  in  nitric  acid. 
It  has  been  analyfed  by  Klaproth  with  the  fol- 
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It  occurs  only  In  proper  bafalt,  and  not  in 
any  other  rock  of  trap  formation.  It  is  very 
eafy  of  decompofition,  to  which  circumftance 
many  bafalts  owe  their  porous  texture.  It  U 
found  very  abundantly  in  Bohemia  and  other 
parts  of  Germany,  alfo  in  France,  Britain, 
Norway,  and  Sweden. 

OOldTE.  See  Limestone. 

ONYX.  See  Chalcedony. 

OPAL. 

Of  this  mineral  there  are  the  four  following 
fubfpecies. 

i.Subf.  Noble  Opal.  Edler  Opal,  Wern. 
UOpak  noble.  Broch. 

Its  colour  is  milk-white,  or  pearl-grey,  and 
when  held  between  the  eye  and  the  light  is  pale 
rofe-red  and  wine-yellow- : by  reflected  light  it 
exhibits,  as  its  pofition  is  flightly  varied,  the 
clearell  and  moll  beautiful  iridefcent  colours, 
particularly  rerdegris  and  emerald-green,  gold- 
yellow,  fire-red,  bright-blue,  and  pearl-grey  ; all 
tbefe  tints  are  often  exhibited  in  the  fame  fpeci- 
raen,  but  w-hen  only  one  colour  is  prefent  the 
green  is-the  moft  efteemerl.  It  occurs  in  mafs, 
difl'eminated  and  in  fmall  veins.  Its  internal  lufire 
is  vitreous  and  brightly  fhining.  Its  frafture 
is  conchoidal.  Its  fragments  are  indeterminate 
fharp-edged.  It  is  moderately  tranflucent  paf- 
fing  to  femi-tranfparent,  and  even  tranfparent. 
It  is  moderately  hard  and  very  brittle.  Sp.  gr. 
2.114. 

Before  the  blow-pipe  it  crackles  and  flies, 
and  becomes  of  an  opake  white,  but  does  not 
melt.  It  is  compofed,  according  to  Klaproth, 
of 
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It  occurs  difl'eminated  in  clay  porphyry.  It 
was  formerly  found  near  Freyberg  in  Saxony, 
but  is  at  prefent  met  with  only  at  Cfcherwen- 
itza,  near  Kafchau,  in  Upper  Hungary. 

It  is  the  moft  beautiful  of  the  gems,  and 
among  the«Eaftern  nations  is  in  particularly 
high  eftimation.  In  Europe  Its  value  though 
confiderable,  is  inferior  to  that  of  the  other  gem.s 
from  Its  foftnefs  and  liability  to  fplit  on  a fuddcn 
change  of  temperature.  It  is  chiefly  employed  in 
necklaces,  and  ear-rings,  and  finger-rings. 

The  moft  beautiful  varieties  are  called  oriental 
opal,  but  there  is  no  fadsfadtory  evidence  to 
(hew  that  this  fubftance  has  ever  really  been 
found  in  the  Eaft. 

Some  varieties  of  opal,  from  expofur-  to  tlie 
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■weather,  are  dull  and  opake,  probably  in  confe- 
quence  of  having  loft  part  of  their  water  •,  but 
by  immerfion  in  this  fluid,  their  minute  pores 
become  again  filled,  and  they  then  exhibit  the 
ufual  play  of  colours.  Such  ftones  are  called 
hydrophanes,  and  are  in  high  eftimation. 

The  moft  beautiful  opals  known  are  in  the 
Imperial  cabinet  of  Vienna  : one  is  a piece  about 
five  inches  long,  and  two  and  a half  in  diameter  : 
another  is  of  the  {hape  and  fize  of  a hen’s  egg. 
Both  are  remarkably  rich  and  fplendid. 

2.  Subfp.  Common  Opal.  Gemeiner  Opal, 
Wern,  UOpale  commune,  Broch. 

Its  colour  is  greyilh,  greenifti,  yellowifti  or 
milk-white,  hence  it  paflTes  into  apple  green, 
honey  and  wax-yellow,  and  fometimes,  though 
rarely,  into  tile  red,  or  flefh  red.  The  milk 
white  variety  appears  by  tranfmitted  light  of  a 
wine  yellow.  It  occurs  maflTive,  difleminated, 
and  in  angular  pieces.  Its  luftre  internally  is 
between  vitreous  and  refinous,  and  is  bright 
Ihining.  Its  fradlure  is  conchoidal.  Its  frag- 
ments are  indeterminately  angular  and  fliarp- 
cdged.  It  varies  from  tranflucent  to  tranf- 
parent.  It  is  moderately  hard,  brittle,  and 
eafily  frangible.  Sp-  gr.  1.95  to  2.01. 

It  is  infufible  before  the  blow-pipe  without 
addition.  Two  varieties,  one  from  Kofemutz 
and  the  other  from  Telkobanya,  have  been 
analvfed  by  Klaproth  with  the  following  refults. 

Kofem.  Telkoban. 
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Alumine  - o.r  — o 
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It  occurs  chiefly  in  porphyry  ; but  alfo  in 
granite,  gneifs,  amygdaloid,  and  ferpentine. 

The  green  variety  is  found  at  Kofemutz  in 
Silefia,  where  it  accompanys  chryfoprafe  in  a 
bed  of  ferpentine.  In  Iceland  it  alternates  with 
chalcedony.  It  is  alfo  met  with  in  various 
parts  of  Saxony  and  Bohemia,  near  Florence 
in  Italy,  Telkobanya  in  Hungary,  in  the  North 
of  Iceland,  in  Cornwall,  in  Brittany,  and  in 
the  Faroe  iflands. 

Several  of  the  varieties  of  common  opal  as 
well  as  of  the  noble  opal,  are  hydrophanous. 

3.  Subfp.  Semi-Opal.  Halbopal.  Wern. 
La  Demi-Opale.  Broch. 

Its  ufual  colours  are  yellowifti,  greenifti, 
and  mi  k-white,  alfo  afti-grey,  and  greyifti- 
black,  apple-green,  olive-green,  honey-yellow, 
■yellowifli-brown,  and  cheinut-brown.  Its  co- 


lours are  more  dull  and  muddy- than  thofe  of 
common  opal,  and  they  often  occur  in  fpots, 
bands,  and  clouds.  It  occurs  maflTive,  diffemi- 
nated,  tuberous,  reniform,  botryoidal  and  fta- 
lacUtic.  Internally  it  is  gliftening  or  ftiining. 
Its  frafture  is  imperfeftly  flat  conchoidal,  verg- 
ing on  even.  Its  fragments  are  indetermi- 
nately angular  ftiarp-edged.  It  is  more  or  lefs 
tranflucent,  is  moderately  hard,  brittle,  and 
eafily  frangible.  Sp.  gr.  2.54, 

It  is  infufible  before  the  blow-pipe  without 
addition.  Two  varieties,  the  one  from  Telko- 
banya, and  the  other  from  Menil  Montant, 
have  been  analyfed  by  Klaproth,  with  the 
following  refults. 

Telkob.  Menil. 
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It  occurs  in  veins  in  porphyry  and  amygdaloid, 
and  in  metalliferous  veins  in  granite  and  gneifs. 
It  ufually  accompanies  common  opal,  and  is 
found  in  the  fame  places  with  it.  Foffil  teeth 
alfo  are  occafionally  found  penetrated  by  this 
mineral. 

4-  Subfp.  Wood  Opal.  Holzopal,  Wern, 
Opal  L'tgniforme . Broch. 

Its  colours  are  greyiflr  and  yellowiftvwhife, 
alfo  ochre-yellow,  yellowiflr-brown,  afti-grey, 
and  greyifh-black.  It  occurs  in  large  pieces, 
which  have  the  form  and  texture  of  wood. 
Internally  it  has  a gliftening  fomewhat  refinous 
luftre.  Its  crofs  fradlure  is  conchoidal,  but 
its  longitudinal  fradfure  is  broad  fplintery.  Its 
fragments  are  indeterminately  angular  fharp- 
edged.  It  is  tranflucent,  moderately  hard,  and 
eafily  frangible.  Sp.  gr.  2.6. 

It  appears  to  be  wood  penetrated  with  opal, 
and  is  found  near  Schemnitz,  and  at  Telkobanya 
in  Hungary. 

ORPIMFNT.,  See  Arsenic. 

ORPIMENT  NATIVE.  See  Arsenic, 
Ores  of. 

ORES. 

An  ore  is  a metal  in  the  ftate  in  which  it  exifts 
in  the  earth.  It  may  be  either  native,  that  is, 
pure  and  uncombined  with  any  other  fubftance, 
or  alloyed  with  another  metal,  or  in  the  ftate 
of  an  oxyd,  or  a fulphuret,  or  a carburet,  or  of 
a metallic  fait.  It  is  alfo  mixed  in  almoft  every 
cafe  with  various  earthy  minerals.  For  a par- 
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ticular  defcriptlon  of  the  ores  of  each  metal, 
of  their  analyfis,  and  the  methods  purfued  in 
their  redu£i:ion,  fee  the  firft,  fecond,  and  third 
fe£tions,  in  the  account  of  each  metal. 

OSMIUM.  See  Platina. 

OXALIC  ACID.  Sauerkleesaure.  Germ. 

This  acid  is  found  frequently  but  not  abun- 
dantly native,  in  various  combinations,  and  it 
is  alfo  produced  by  the  mutual  a£Iion  of  the 
nitric  acid  upon  a vaft  number  of  vegetable  and 
animal  fubftances.  It  is  found  native  in  a few 
acid  vegetable  juices,  and  in  tolerable  abundance 
in  the  exprefled  juice  of  the  sorrel  plant  (Oxalis 
Acetofella.  Linn.)  naturally  united  with  a 
quantity  of  potalh  not  fufhcient  for  compleat 
faturation,  forming  an  acidulum  which  has  long 
been  prepared  for  culinary  and  medicinal  pur- 
pofes  in  fome  parts  of  Europe,  and  fold  as  the 
EJJential  Salt  of  Sorrely  long  before  its  real  nature 
was  difcovered.  This  acid  is  found  in  fome 
fpecies  of  urinary  calculi. 

The  oxalic  acid  is  artificially  prepared  by 
boiling  a fufficient  quantity  of  nitric  acid  with 
a variety  of  vegetable  and  animal  fubftances, 
fuch  as  fugar,  mucilage,  alcohol,  filk,  animal 
jelly,  &c.  &c.  and  many  of  the  other  vegetable 
acids  (the  acetous  excepted J are  convertible 
into  the  oxalic  by  the  action  of  the  nitric  acid. 

The  oxalic  acid  as  artificially  prepared,  was 
firft  difcovered  by  Bergman,  who  has  given  a 
very  valuable  elfay  on  the  fubjecl.  This  emi- 
nent chemift  prepared  it  by  diftilling  nitric  acid 
from  fugar,  and  hence  he  termed  it  the  Add  of 
Sugar.  But  as  the  add  of  the  native  fait  of 
forrel  was  foon  after  difcovered  by  Scheele  to 
identical  with  the  acid  of  fugar,  the  term  Oxalic 
Acid\v2.%  been  more  commonly  adopted,  and  the 
combinations  of  this  acid  with  the  various  bafes, 
have  been  termed  Oxalats. 

This  acid  is  prepared  from  fugar,  very  fimply 
and  eafily  by  the  following  procefs  : put  a fmall 
quantity  of  white  fugar  into  a tall  glafs  matrafs, 
with  a narrow  neck,  add  thereto  fix  times  its 
weight  of  concentrated  nitrous  or  nitric  acid, 
of  moderate  ftrength,  apply  heat,  and  bring  it 
gradually  to  boil,  during  which  the  fugar  fpeed- 
ily  diflblves  in  the  acid,  and  then  decompofes 
it  with  evolution  of  abundance  of  nitrous  va- 
pour. Continue  the  boiling  for  about  ten 
minutes,  then  fet  the  liquor  by  to  cool,  when 
it  will  depofit  regular  cryftals  of  oxalic  acid. 
Evaporate  the  remaining  liquor  confiderably, 
and  by  cooling  another  crop  of  cryftals  may  be 
procured,  and  fometimcs  a third.  Rediflblve 


all  the  cryftals  In  as  much  water  as’  will  take 
them  up  when  boiling,  and  by  cooling  flowly 
the  cryftals  will  again  fepar.Tte  in  a more  regular 
form,  and  freed  from  the  adhering  nitric  acid. 
Dry  thefe  cryftals  on  blotting  paper,  and  they 
are  the  pure  oxalic  acid,  A retort  and  receiver 
may  be  ufed  for  the  procefs  inftead  of  a mat- 
trafs,  when  it  is  an  objedl  to  fave  the  fuperflu- 
ous  nitrous  acid.  About  parts  of  oxalic 
acid  may  thus  be  obtained  from  too  of  fugar. 

The  oxalic  acid  when  in  a regular  form, 
cryftallizes  in  four-fuled  prifms,  the  faces  of 
which  are  alternately  broad  and  narrow,  and 
terminating  in  dihedral  fummits.  Thefe  cryf- 
tals do  not  deliquefce,  but  by  expofure  to  the 
air  they  fall  into  a white  powder. 

This  acid  has  a very  pungent,  and  when 
diluted,  a very  grateful  fourneft.  The  cryftals 
diftblve  in  their  own  -weight  of  boiling  water, 
and  twice  their  weight  of  cold  water.  * The 
fpecific,  gravity  of  a cold  faturated  folution  is 
about  i.o6.  This  acid  has  all  the  common 
properties  of  acids,  of  changing  vegetable 
colours,  and  forming  neutral  falts  with  the 
alkaline,  earthy,  and  many  metallic  bafes.  It 
alfo  forms  acidula  with  all  the  alkalies,  when 
the  proportion  of  acid  predominates. 

This  acid,  like  all  the  other  vegetable  acids, 
is  decompofed,  and  its  acid  properties  deftroyed 
by  heat,  more  or  lefs  compleatly  in  proportion 
to  the  degree  of  heat.  If  heated  in  a retort 
with  a gentle  fire  the  water  of  the  cryftals  firft 
comes  over,  amounting  to  about  of  the 
whole,  and  the  acid  fufes.  On  encreafing 
the  fire,  the  acid  grows  brown,  and  part  of  it  is. 
fublimed  as  a white  faline  cruft,  but  the  greater 
part  is  refolved  into  carbonic  acid,  and  carbu- 
retted  hydrogen,  which  come  over  in  large- 
quantity,  having  a pungent  empyreumatic  fmell. 
The  refidue  in  the  retort  entirely  burns  away  in 
the  open  air,  without  leaving  any  afli. 

Alcohol  when  boiling  readily  diflblves  fome— 
what  more  than  half  its  weight  of  oxalic  acid. 
On  cooling,  a fmall  portion  is  dcpofited  in  fmall 
fcaly  cryftals.  but  the  greater  part  remains  in 
folution.  The  alcoholic  folution  when  heated 
yields  a portion  of  alcohol  holding  fome  of  the 
acid  diflblved,  and  alfo  a very  fmall  quantity  of 
an  imperfedl  ether. 

Sulphuric  ether  diflblves  oxalic  acid,  though 
■wdth  difficulty. 

Sulphuric  acid  heated  upon  the  oxalic  black- 
ens it,  and  the  two  fubftances  are  mutually 
decompofed  in  part. 

The  nitrous  or  nitric  acid  readily  diffiolve& 
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tKe  oxalic,  and  If  the  former  is  in  fufficlent 
quantity,  and  the  mixture  long  boiled,  much 
nitrous  vapour  is  given  out,  no  oxalic  acid  is 
found  In  the  liquor,  but  the  whole  is  converted 
into  carbonic  acid  and  water. 

The  muriatic  and  acetous  acids  fimply  dHTolve 
the  oxalic,  but  do  not  decompofe  it. 

The  compofition  of  this  acid  according  to 
Feurcroy  and  Vauquelin,  is  ']'i  per  cent,  of  oxy- 
gen, 13  of  carbon,  and  10  of  hydrogen,  fo 
that  it  appears  to  be  one  the  inoft  oxygenated 
of  all  the  known  acids. 

Before  we  proceed  to  deferibe  the  falts  which 
it  forms  with  the  different  bafes,  fome  obferva- 
tions  may  be  added  on  the  circumftances  of  its 
formation. 

The  oxalic  acid  is  found  but  rarely  native,  but 
is  readily  produced  by  the  a£lion  of  nitrous  acid 
on  almofl;  every  foluble  vegetable  matter,  and 
mofl;  animal  matters.  During  this  action  the 
nitric  acid  is  obvioufly  decompofed,  and  much 
nitrous  gas  given  out,and  hence  the  produfl  muft 
contain  much  of  the  oxygen  which  the  nitric 
acid  parts  with.  But  it  appears  that  the  forma- 
ation  of  oxalic  acid  is  not  in  any  cafe  a Ample 
oxygenation  of  carbon  and  hydrogen,  but  a 
much  more  complicated  operation,  in  which 
according  to  well-eftablifhed  laws  of  affinity, 
fpecific  proportions  of  carbon  and  hydrogen 
unite  with  a certain  portion  of  oxygen  to 
form  oxalic  acid,  whilft  at  the  fame  time  other 
portions  of  the  fame  bafes  form  different  pro- 
dudls.  Hence  it  is  inaccurate  to  ftate  as  is 
fometimes  done,  that  fugar  is  the  bafe  of  the 
oxalic  or  faccharine  acid,  fince  it  is  a compound 
of  hydrogen  and  carbon  derived  from  the  fugar, 
and  which  the  aclion  of  the  nitrous  acid  caufes 
to  be  feparated  in  the  proportions  neceffary  for 
that  purpofe.  Hence  the  utmoft  aflion  of  the 
nitric  acid  on  oxalic  acid  differs  from  that 
■which  it  exerts  on  fugar,  for  in  the  former  cafe 
only  carbonic  acid  and  water  are  formed, 
whereas  in  the  latter  there  is  generated  a quan- 
tity of  acetous  acid. 

The  Mal'c  Acid  appears  to  be  produced  along 
■with  the  oxalic,  in  almofl  every  inilance  yet 
examined,  and  it  forms  the  greater  part  of  the 
mother  liquor,  or  fluid  part  from  which  the 
oxalic  feparates  by  cryflallization.  The  malic 
acid  is  alfo  chiefly  (but  probably  not  entirely) 
convertible  into  oxalic  by  the  further  a£lion  of 
nitrous  acid,  and  hence  it  is  in  fome  fenfe  an 
intermediate  ftate  between  oxalic  acid  and  the 
hydro-carbonous  bafe  previous  to  oxygenation. 
This  is  fhewn  by  many  experiments  of  Scheele. 

Journ.  de  Thyl, 


Tins  excellent  chemift  diftilled  equal  parts  of 
nitric  acid  and  fugar, flopping  the  procefs 
when  the  mixture  in  the  retort  had  acquired  a 
brownifh  colour,  which  indicated  that  all  the 
acid  was  decompofed.  The  liquor  was  acid 
and  of  a fyrupy  confiftence : on  adding  lime- 
water,  fome  oxalic  acid  feparated  in  the  form 
of  oxalat  of  lime.  The  remaining  liquor  was 
then  faturated  with  lime  (which  occafioned  no 
further  precipitation)  after  which  it  was  coagu- 
lated by  alcohol,  the  coagulum  decompofed  by 
acetite  of  lead  and  fulphuric  acid  (in  the  way 
deferibed  under  the  article  Malic  Acid)  and  a 
quantity  of  pure  malic  acid  was  produced.  On 
the  other  hand  when  the  proportion  of  nitric 
acid  is  much  greater,  the  product  of  oxalic  acid 
increafes,  and  that  of  malic  diminifhes. 

The  fame  excellent  chemift  found  gum-arabic 
treated  -with  nitric  acid,  to  yield  a mixture  of 
malic  and  oxalic  acid  (fee  the  article  Mucilage). 
Manna,  the  fame  ; fugar  of  milk  the  fame,  to- 
gether wdth  the  faccholadtic  acid  (fee  Milk). 
Salep  the  fame,  together  with  oxalat  of  lime ; 
aloe,  colocynth,  and  fome  of  the  refinous  gums 
the  fame,  but  in  fmaller  quantity  ; many  of  the 
vegetable  extracts  the  fame,  together  with  fome 
oxalic  acidulum,  or  fuper-oxalat  of  potafh  (the 
potafh  being  doubtlefs  furniffied  from  the  acetite 
of  potafh  which  V' auquelin  has  found  to  exifl 
in  extra£ls).  Of  the  effential  oils  only  that  of 
parfley  could  be  made  to  furniffi  thefe  acids, 
which  it  did  in  abundance,  and  was  totally 
refolved  into  them 

Several  animal  matters  were  then  treated  with 
nitric  acid  in  the  fame  way.  On  one  part  of 
glue  were  poured  two  of  nitric  acid,  much 
nitrous  vapour  was  given  out  on  heating,  the 
glue  was  diflblved,  and  the  next  day  cryftals  of 
oxalic  acid  appeared  in  the  liqour.  The  uncry- 
ftallized  refidue  faturated  with  chalk,  and  treated 
with  acetite  of  lead  and  fulphuric  acid,  gave 
the  malic  acid.  Ifinglafs,  the  white  and  yolk 
of  egg,  and  blood,  gave  the  fame  produdls. 
During  thefe  procefles  with  animal  matters,  as 
this  excellent  chemift  obferves,  a quantity  of 
thick  greafe  feparates,  little  nitrous  gas  or 
carbonic  acid  is  given  out,  but  an  abundance  of 
vitiated  air  (azot).  Another  remark  equally 
important  is  that  whenever  the  oxalic  acid  is 
produced  by  the  a£lion  of  the  nitric  on  animal 
or  vegetable  fubftances,  a quantity  of  acetous 
acid  is  found  in  the  receiver,  mixed  with  the 
diftilled  nitrous  acid.  This  latter  difeovery 
appears  to  have  been  made  nearly  at  the  fame 
time  by  Scheele  and  Wellrumb. 
tem.  28.  p.  412. 
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Alcohol  treated  by  nitrous  acid  affords  a 
large  quantity  of  oxalic  acid,  as  already  noticed 
under  the  article  Ether  Nitrous,  hence  it  is 
always  procured  from  the  refulue  of  the  diif  illa- 
tion of  this  ether.  But  the  proportions  of  r/i- 
trous  acid  and  alcohol  which  give  the  mofl 
oxalic  acid,  are  different  from  thole  that  pro- 
duce the  moft  ether.  The  latter  are  about  2 
of  acid  to  3 of  alcohol,  but  the  former  fliouid 
be  about  3 of  acid  to  i of  alcohol.  M.  Sage‘s 
mixed  together  in  a retort  i8  02.  of  fliong 
nitrous  acul  wkh  6 of  alcohol,  in  half  an  hour 
the  mixture  boiled  fpontaneoufly,  and  fome 
edicT  mixed  with  nitrous  vapour  diflilled  off. 
The  refidue  evaporated  to  about  one  ounce  gave 
^ of  an  ounce  of  oxalic  acid. 

The  produ£fion  of  oxalic  acid  from  animal 
fubftances,  difeovered  by  Scheele,  has  been 
examined  with  great  accuracy  by  Berthollet  in 
his  excellent  memoirs  on  the  nature  of  animal 
matter..'  He  feleffed  filk  for  his  firft  experiment 
on  account  of  its  apparent  uniformity  of  compo- 
Ction.  On  dillilling  lilk  with  feven  orelght  times 
its  weight  of  nitrous  acid,  the  whole  was  refolved 
into  a blueifli  liquor,  which  yielded  a large 
quantity  of  oxalic  acid,  befides  which  when  the 
liquor  was  cold  there  was  colledfed  a thick 
feum  of  an  oily  or  greafy  matter,  fimilar  no 
doubt  to  that  which  had  been  obferved  by 
Scheele  in  his  experiments. 

M.  Berthollet  on  fubjeffing  a number  of 
animal  matters  to  the  fame  procefs,  obtained 
from  all  oxalic  acid,  and  this  animal  greafe,  but 
in  very  varying  proportions.  He  takes  no  notice 
of  the  malic  acid,  which  however  muft  have 
been  formed  at  the  fame  time  and  remained  in 
the  folution.  Of  all  thefe  fubftances  wool  gave 
the  greateft  quantity  of  oxalic  acid,  yielding 
nearly  half  its  weight,  which  is  more  than  is 
procured  from  fugar  or  any  known  vegetable 
matter.  Skin  and  hair  gave  nearly  as  much 
as  wool.  Mufcular  flefh,  well  wafhed,  gave 
hardly  any  oxalic  acid,  but  an  unufually 
large  proportion  of  animal  greafe.  This  latter 
when  in  large  proportion,  clofely  adheres  to 
the  oxalic  acid,  renders  it  yellow,  and  difficult 
to  cryftallize.  This  kind  of  greafe  is  very 
different  from  the  animal  or  vegetable  oils, 
and  gives -much  ammonia  by  diftillation.  It 
appears  to  be  derived  chiefly  from  the  azotic 
part  of  the  animal  fubftance,  fmee  it  abounds 
moft  in  thofe  parts  that  yield  moft  azot,  and  is 
not  produced  in  a fimilar  treatment  of  vegetable 
matter:  whereas  the  bafis  of  the  oxalic  acid  is  un- 
queftionably  a mixture  of  carbon  and  hydrogen. 

* Mcm.de  I'Acad.  f«r  i'8j.  p.  333. 


In  no  Inftance  is  oxalic  acid  produced  with- 
out the  ■ fenfible  difengagement  of  nitrous 
vapour,  and  the  confequent  decompofition  of 
the  nitrous  acid  employed.  Therefore  it  gene- 
rally requires  the  affiftance  of  heat  for  its  pro- 
duftion.  Thus  M.  Berthollet  found  that  filk 
and  nitric  acid  digefted  at  the  heat  of  70°  gave 
out  a large  quantity  of  azotic  gas,  the  filk  was 
diflblved,  and  fonre  of  the  animal  greafe  fepa- 
rated,  but  no  oxalic  acid  was  formed  at  that 
period,  (fince  no  precipitation  was  produced  by 
lime-water),  but  on  raifing  the  temperature 
nitrous  gas  was  evolved,  and-  oxalic  acid  was 
generated'.. 

No  other  agent  but  the  nitrous  acid  has-been 
yet  found  capable  of  producing  the  oxalic  acid. 
Even  the  oxymuriatic  acid,  one  of  the  moft 
powerful  of  all  the  oxygenating  agents,  fails  to 
convert  fugar  into  oxalic  acid,  but  in  its  ftead 
generates  fome  acetous  acid,  and  probably 
carbonic  acid  and  water. 

It  is  very  commonly  reprefented  that  there  iS' 
a regular  gradation  of  oxygenation  in  certain  of 
the  vegetable  acids,  that  is  to  fay,  that  the 
Jiime  hydro-carbanous  bafe  with  a fmall  quantity 
of  oxygen  produces  the  tartareous  acid,  with  a 
greater  quantity  the  citric,  and  fo  on,  and  thus 
by  merely  encreafing  the  dofes  of  oxygen  it 
paffes  from  the  tartareous  through  the  feveral 
ftates  of  citric,  malic,  oxalic,  and  acetous  acids, 
and  laftly  is  totally  convertible!  into  carbonic 
acid  and  water.  This  laft  pofition  is  certainly 
true,  for  as  all  thefe  acids  appear  to  contain 
only  carbon^  hydrogen,  and  oxygen  in  different 
proportions,  the  ultimate  effecT  of  oxygenation 
is  to  convert  diem  into  carbonic  acid  and  water, 
but  no  unexceptionable  experiment  has  yet  been 
given  in  which  any  given  quantity  of  one  of 
thefe  acids  has  been  totally  converted  into  ano- 
ther acid  by  the  a<flion  of  nitric  acid. 

In  all  thefe  changes  therefore  there  appears, 
to  be  a new  arrangement  of  the  proportions  of 
the  hydro-carbonous  bafis  as  well  as  of  the 
oxygen,  and  at  leaft  two,  (and  often  more) 
fubftances  are  generated,  however  Ample  the 
procefs  appears  to  be.  It  is  fcarcely  polhble  to 
affign  a fatisfa£lory  reafon  for  many  of  the 
changes  jthat  take  place,  and  to  explain  why  in 
fome  circumftances  the  mucous  acid  and  vinegar 
ftiould  be  formed,  in  others,  the  oxalic  and 
malic  acids,  in  others  vinegar  and  carbonic  acidj 
but  from  the  much  more  frequent  produiftion 
of  the  oxalic  than  of  any  other  acid,  we  may 
infer  that  he  proportions  in  which  its  conftitu- 
ents  exift,  are  thofe  in  which  the  mutual 
• Ditto  for  1780  and  1785. 
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■affui'ity  is  extremely  ftrong^  and  fcarcely  to  be 
broken  but  by  the  combined  efFcft  of  the  moft 
powerful  agents.  It  appears  probable  too  from 
Scheele’s  refearches,  that  the  malic  acid  is  in 
moft  inftances  a neceffary  confequence  of  the 
produ£Iion  of  the  oxalic,  but  not  being  cryf- 
tallizable,  nor  very  readily  detefted,  it  has 
probably  been  moft  commonly  overlooked. 

The  oxalic  acid  is  a valuable  teft  in  chemical 
experiments  to  determine  the  prefence  of  lime 
in  liquids,  in  whatever  combination  this  earth 
cxifts.  The  precautions  required  in  its  ufe  will 
be  mentioned  under  the  article  Oxalat  of  lime. 

The  affinities  of  oxalic  acid  are  in  the  follow- 
ing order:  lime,  barytes,  ftrontian,  magnefia, 
potaffi,  foda,  ammonia,  alumine,  and  metallic 
oxyds. 

OXALATS. 

The  oxalic  acid  unites  with  all  the  alkalies, 
earths,  and  moft  metallic  oxyds,  forming  falts 
of  which  a very  few  only  are  of  importance. 
This  acid  like  the  tartareous,  combines  with  the 
alkalies  in  two  different  proportions,  in  each  of 
■which  it  forms  cryftallizable  falts.  One  of 
thefe  ftates  is  with  the  acid  in  excefs,  forming 
•therefore  falts  known  by  the  general  term  of 
Mcidula,  the  other  is  when  the  two  ingredients 
.are  in  perfect  faturation.  Of  thefe  the  Acidu- 
lous oxalat  of  potajhy  or  according  to  Dr. 
Thompfon’s  ufeful  nomenclature,  the  Super- 
exalat  of  potajh.)  has  been  examined  with  the 
greateft  care. 

All  the  oxalats  are  readily  decompofed  by 
•heat,  the  acid  burning  off,  and  leaving  the  bafe 
carbonated. 

Oxalic  Acidulum.  Super-oxalat  of  Potajh. 
Salt  of  Sorrel. 

A fait  has  long  been  prepared  in  feveral  parts 
of  Europe  from  the  juice  of  the  forrel  plant, 
for  medicinal  and  other  purpofes,  particularly 
in  Swabia,  Thuringia,  and  fome  parts  of  Swit- 
zerland. The  method  of  making  it  has  been 
deferibed  by  Savary,  Cartheufer,  Weigleb,  and 
ethers,  and  is  very  fimple.  Large  quantities  of 
the  plant  are  collefted  and  expofed  to  confi- 
derable  preffure  in  a mill,  (or  in  any  other  way) 
and  the  turbid  juice  thus  expreffed  is  allowed 
to  ftand  for  fome  days  till  much  of  the  fecu- 
lence has  fubfided.  The  clear  liquor  is  then 
•evaporated  to  one  half,  and  fet  by  in  a cool 
place,  and  after  fome  days  a quantity  of  fmall- 
grained  cryftals  are  depofited.  Thefe  are  re- 
moved, and  the  liquor  further  evaporated,  by 
which  a fecond  crop  of  cryftals  is  collefted, 
and  fometimes  a third  or  a fourth  is  got  by  the 
ibme  means.  The  cryftals  are  at  firft  very 


mucilaginous  and  impure,  but  by  re-folution  and 
evaporation  they  become  clean,  and  then  appear 
in  the  form  of  fmall  white  needles,  in  which 
ft-ate  they  are  fold  at  a high  price  for  taking 
out  Iron-mould  fpots  from  linen,  and  for  medi- 
cinal ufes.  According  to  Savary,  50  lbs.  of 
the  frefti  plant  yield  about  25  lb.  of  juice,  from 
which  2|  oz.  ot  the  effential  fait  may  be  ex- 
tradfed.  Cartheufer’  obtained  much  more, 
one  pound  of  the  plant  giving  as  much  as 
1 1 dram,  wliich  would  be  in  the  proportion 
of  nearly  qi  oz.  from  50  lbs.  of  the  plant,  but 
probably  this  was  lefs  pure. 

The  tafte  of  this  fait  is  very  four,  fetting 
the  teeth  on  edge,  but  has  nothing  bitter  or 
unpleafant.  The  fait  is  hard  and  brittle,  and 
decrepitates  in  the  fire.  It  is  very  commonly 
adulterated  by  fulphat  of  potafh, 

It  was  Scheele  that  firft  difeovered  the  true 
compofition  of  this  fait,  and  fliewed  it  to  be 
compofed  of  potalh  with  excefs  of  an  acid, 
which  by  every  teft  was  identical  with  the  acid 
of  fugar  which  had  been  lately  difeovered  by 
Bergman.  The  method  purfued  by  Scheele 
was  the  following : fome  warm  water  was 
faturated  with  fait  of  forrel,  and  a folution  of 
acetite  of  lead  was  then  added  as  long  as  any 
precipitate  appeared,  which  laft  was  edulcorated 
with  warm  water.  This  confifted  of  the  oxalic 
acid  united  to  the  oxyd  of  lead,  whilft  the 
fupernatant  liquor  contained  acetite  of  potafh 
produced  by  this  double  decompofitlon.  Thi* 
precipitate  was  then  decompofed  by  digeftion 
with  fulphuric  acid,  by  which  the  oxalat  of 
lead  was  converted  into  an  infoluble  fulphat, 
and  the  clear  liquor  contained  the  pure  oxalic 
acid,  which  was  obtained  In  its  cryftalline  form 
by  due  evaporation  and  cooling.  The  propor- 
tion of  fulphuric  acid  required  was  determined 
by  decompofing  by  this  acid  feparately  as  much 
of  acetite  of  lead  as  had  been  ufed,  and  noting 
the  quantity  of  acid  employed.  The  acid  thus 
obtained  from  the  fait  of  forrel  was  then  exam- 
ined chemically,  and  found  to  agree  exa£Ily  tn 
all  its  properties  with  that  obtained  from  fugar 
by  the  nitric  acid.  A fait  precifely  refembling 
the  fait  of  forrel  was  then  reproduced  by 
adding  gradually  to  a folution  of  the  acid  fome 
liquid  carbonat  of  potafli,  much  lefs  than  fuf- 
ficient  for  faturation,  and  during  the  eftervef- 
cence  occafioned  by  the  mixture,  a number  of 
fmall  faline  fpiculae  fell  down,  which  when 
examined  were  found  to  be  exactly  the  fame 
with  the  native  fait  of  forrel. 

The  oxalic  acidulum  may  alfo  be  produced  by 
adding  pure  oxalic  acid  to  nitre,  as  the  fame 


* Murray,  Aj>par  Med.  vol.  J. 
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eminent  chemift  alfo  difcovered,  the  affinity  of 
this  acid  to  that  portion  of  potaffi  necefl'ary  to 
form  the  acidulum  being  greater  than  that  of 
the  nitric  acid  for  potaffi.  In  the  fame  manner 
the  oxalic  acid  will  partially  decompofe  many 
other  of  the  falts  with  potaffi,  fuch  as  the 
muriat,  acetite,  &c.  In  thefe  cafes  the  fuper- 
oxalat  of  potaffi  being  much  lefs  foluble  than 
the  other  fait,  precipitates  in  fmall  needled 
cryftals. 

This  fait  however  readily  dilTolves  in  hot 
water,  requiring  no  more  than  about  its  own 
weight,  but  the  greater  part  feparates  by  cool- 
ing. The  folution  is  not  decompofed  fponta- 
neoufly  by  long  keeping,**  in  which  refpe£f  it 
differs  from  the  tartareous  acidulum.  The 
fulphuric,  nitric,  and  muriatic  acids  decompofe 
this  fait  only  at  a boiling  heat. 

OxALAT  OF  Potash. 

When  the  oxalic  acid  is  fuper-faturated  with 
potaffi  and  (lowly  evaporated,  elegant  prifmatic 
cryftals  are  formed,  in  which  neither  the  acid 
nor  alkali  predominate.  This  fait  may  be  made 
by  adding  to  the  acidulous  oxalat  fomewhat 
more  potaffi  than  is  neceffary  for  faturation. 
This  fait  is  much  more  foluble  in  water  than 
the  laft  mentioned.  Alcohol  diffolves  it  with 
difficulty.  It  is  partially  decompofed  by  the 
fulphuric,  nitric,  and  muriatic  acids  without 
heat,  that  is  to  fay,  a portion  of  the  potaffi  is 
abftradted,  and  the  remainder  paffes  to  the 
ftate  of  the  fuper-oxalat.  But  with  the  affift- 
ance  of  heat  it  is  entirely  decompofed. 

Oxalat  of  Soda. 

The  oxalic  acid  united  to  a fmaller  quantity 
of  foda  than  will  faturate  it,  forms  a fpecies  of 
acidulum  which  has  been  but  little  examined. 
Saturated  with  foda,  a fait  is  produced  difficult 
of  folution,  and  which  feparates  in  fmall  cryf- 
talline  grains. 

Oxalat  of  Ammonia. 

Ammonia  alfo  unites  with  oxalic  acid  in  two 
proportions.  When  as  an  acidulum,  it  forms 
fait  in  fmall  cryftals,  and  of  difficult  folubility, 
but  when  perfectly  faturated  the  fait  cryftallizes 
in  large  four-fided  prifms.  Thefe  lofe  about 
of  their  weight  by  a gentle  heat,  and  are  very 
foluble  in  water  but  not  in  alcohol.  This  com- 
bination of  oxalic  acid  is  the  moft  ufeful  for 
detefting  the  prefence  of  lime,  as  will  be 
prefently  mentioned. 

Befides  thefe  fimple  falts  with  the  oxalic 
acid  and  alkalies,  feveral  triple  falts  (moft  of 
* Fourcroy  fyftetne. 


them  cryftallizable)  may  be  formed  by  faturatitig 
the  fuper-oxalat  of  one  alkali  by  a different  one> 
thus  if  the  fuper-oxalat  of  potaffi  is  faturated 
with  foda,  a triple  neutral  fait  is  obtained,  con- 
fiding of  oxalic  acid,  potafli  and  foda.  In  like 
manner  ammonia  readily  combines  with  the 
fuper-oxalat  of  potaffi  and  foda.  In  this  as  in 
other  refpei^is,  the  habitudes  of  this  acid  ftrong- 
ly  refemhle  thofe  of  the  tartareous  acid. 

Oxalat  of  Barytes. 

This  acid  forms  with  barytes  a fait  which 
when  the  acid  is  in  excefs,  appears  in  the  form  of 
pellucid  angular  cryftals.  Boiling  water  diffolves 
a fmall  portion,  but  converts  the  remainder 
into  a white  powder,  rendered  infoluble  by 
loiing  its  excefs  of  acid,  which  the  water  ab- 
ftra£ls.  On  cooling,  moft  of  that  portion 
which  had  been  diffolved  feparates  in  fmall 
cryftals.  This  fait  is  decompofed  by  fulphu- 
ric acid. 

Oxalat  of  Strontian. 

By  pouring  qxalat  of  potaffi  into  muriat  of 
ftrontian,  an  infoluble  white  powder  is  ob- 
tained, compofed  according  to  Vauquelin*  of 
59^  ftrontian,  and  4o|  acid. 

Oxalat  of  Lime. 

The  oxalic  acid  attracfis  lime  with  greater  force 
than  any  other  acid,  and  therefore  is  capable 
of  decompofing  compleatly  all  the  known  cal- 
careous falts.  Hence  the  great  utility  of  this 
acid  in  detecting  lime  in  every  foluble  combina- 
tion. Oxalat  of  lime  is  infoluble  in  water,  fo 
that  when  this  acid  is  added  to  a folution  con- 
taining lime,  a white  precipitate  of  oxalat  of 
lime  falls  down,  from  which,  when  collefted, 
waffied,  and  dried  in  a moderate  heat,  the 
acftual  quantity  of  lime  may  be  readily  inferred. 
By  very  accurate  experiments  Dr.  Marcet* 
found  that  loo  parts  of  oxalat  of  lime  dried  at 
i6o*  were  produced  from  1x7  of  felenite,  and 
the  quantity  of  lime  in  the  latter,  alfo  dried  at 
160®,  may  be  reckoned  to  be  about  41.  The 
oxalat  of  lime  however,  though  infoluble  in 
water,  diffolves  in  many  of  the  acids  without 
being  decompofed,  and  therefore  when  any 
confiderable  excefs  of  acid  Is  prefent,  lefs  oxa- 
lat of  lime  will  be  obtained  than  is  really 
formed,  and  which  will  lead  to  error.  On  this 
account  it  is  neceffary  to  faturate  any  excefs  of 
acid  before  the  oxalic  teft  is  ufed,  and  as 
an  additional  precaution,  the  oxalic  acid  ffiould 
be  faturated  with  an  alkali,  which  will  not  iu 
the  leaft  diminiffi  its  power  of  precipitating 
lime.  The  oxalat  of  ammonia  is  generally 
preferred. 

* Ajialyfig  of  Brighton  Water. 
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OxALAT  OF  Magnesia. 

This  acid  diflblves  magnefia,  and  forms  a 
white  powder  which  is  infoluble  in  water  or 
alcohol  unlefs  the  acid  be  fuperabundant.  loo 
parts  of  the  fait  are  eftimated  by  Bergman  to 
contain  35  of  magnefia. 

OXALAT  OF  AlUMINE. 

Oxalic  acid  digefted  on  clay,  difiblves  the 
alumine,  and  forms  an  uncryftallizable  mafs  of 
a fweetilh  aftringent  tafte:  100  parts  contain 
44  of  alumine. 

Metallic  Oxalats. 

A few  only  of  thefe  require  particular  notice. 

Oxalat  of  Silver.  When  oxalic  acid  or  an  alka- 
line oxalat  is  added  to  nitrated  filver  in  folution, 
0 a white  infoluble  oxalat  of  filver  is  produced. 
Sulphat  of  filver  is  equally  precipitated  by  this 
acid.  Oxalat  of  filver  is  fpeedily  blackened  by 
the  fun’s  rays,  and  in  part  decompofed.  In 
this  flate  if  heated  to  rednefs  it  difperfes  with  a 
fudden  noife. 

Oxalat  of  Mercury  is  formed*  by  adding  this 
acid  to  any  folution  of  the  metal.  It  is  a 
white  infoluble  powder,  but  blackens  in  the 
fun’s  rays. 

Oxalat  of  Lead.  Lead  is  corroded  by  this 
acid,  and  its  oxyd  is  readily  diflblved,  and 
cryftallizes  by  evaporation.  The  oxalic  acid 
decompofes  the  nitrat  and  acetite  of  lead,  but 
not  the  fulphat,  and  hence  in  Scheele’s  original 
experiments  the  fulphuric  acid  was  ufed  to 
difengage  the  oxalic  acid  from  the  oxalat  of 
lead  formed  by  adding  the  fait  of  forrel  to  the 
acetite  of  this  metal. 

Oxalat  of  Copper.  This  acid  diflblves  copper 
both  metallic  and  oxidated.  The  fait  is  fcarcely 
foluble  in  water.  Moft  of  the  other  folutions 
6f  this  metal  are  decompofed  by  the  oxalic 
acid,  and  an  infoluble  oxalat  falls  down. 

Oxalat  of  Iron.  Iron  is  readily  diflblved  by 
this  acid  with  copious  difengagement  of  hydro- 
gen gas.  This  folution  gives  by  concentration 
greenilh  yellow  prifmatic  cryftals,  eafily  foluble 
in  water.  It  alfo  diflblves  many  of  the  falts 
and  oxyds  of  this  metal,  and  hence  its  original 
ufe  in  removing  iron-mould  fpots  in  linen. 
When  added  to  the  red  fulphat  or  muriat  of 
this  metal,  a fine  red  oxalat  of  iron  is  precipi- 
tated, foluble  in  an  excefs  of  the  fame  acid. 

Moll  of  the  other  metals  (gold  and  platina 
excepted)  are  foluble  in  this  acid,  forming  falts 
generally  of  little  folubility  except  with  an 
excefs  of  acid. 

The  fuper-oxalat  of  potafh  alfo  aAs  upon 
iron,  copper,  and  feveral  other  metals,  and 


thefe  folutions  retain  the  potafli  belonging  to 
the  acidulum,  and  cryftallize  with  it  into  triple 
falts  that  deferve  further  examination. 

OXYD. 

This  term  may  be  properly  applied  to  any 
fubftance  chemically  combined  with  oxygen, 
but  it  is  reftridbed  to  thofe  that  have  not  ac- 
quired acid  properties  by  the  combination.  It 
is  chiefly  ufed  to  exprefs  thofe  modifications  of 
metallic  bodies  formerly  termed  calces. 

OXYGEN  GAS.  Dephlogi/licated  air  (of 
Dr.  Prieftley.)  Vital  air.  Empyreal  air  (of 
Scheele.)  Der  Sauerfoffe.  Germ. 

Oxygen  is  probably  the  mofl;  abundant  of  all 
natural  bodies,  and  its  chemical  properties  are 
fo  important  that  a very  large  fhare  of  the 
fcience  of  chemiftry  confifts  in  a knowledge  of 
the  combinations  and  agency  of  this  body. 

There  are  two  immenfe  fources  whence 
oxygen  is  derived,  namely  water  and  air.  In 
the  former  it  is  condenfed  into  the  liquid  form, 
and  combined  with  about  a third  of  its  weight 
of  hydrogen ; in  the  latter  it  is  united  with 
azot,  and  forms  little  more  than  a fifth  of  the 
atmofphere. 

There  are  befides  other  fmaller  fources  of 
oxygen,  fuch  as  many  parts  of  the  organized 
world,  vegetable  or  animal,  (independent  of 
the  water  which  they  contain  fo  abundantly,) 
mineral  acids,  and  metallic  oxyds,  &c.  but  the 
quantity  from  thefe  latter  fources  is  extremely 
fmall  in  comparifon  with  the  former. 

Oxygen  when  free  from  all  combinations, 
(that  of  light  and  heat  excepted)  is  in  the 
gafleous  form,  and  it  was  firft  obtained  by 
Dr.  Prieftley  in  the  year  1774  from  the  oxyd 
of  mercury,  and  the  year  following  it  vyas  dif- 
covered  by  Scheele,  who  procured  it  from  the 
oxyd  of  manganefe. 

We  fhall  not  purfue  the  hiftory  of  the  dif- 
coveries  relating  to  this  important  fubftance, 
but  proceed  with  its  properties  as  now  fully 
afcertained,  and  the  modes  of  procuring  it. 

The  pureft  poffible  oxygen  gas  is  obtained 
by  diftilling  per  fe  the  dry  oxymuriat  of  potafh. 
This  fait  is  to  be  put  into  a fmall  glafs  retort^ 
and  with  the  heat  of  an  Argand’s  lamp  it 
melts,  and  then  is  decompofed,  giving  out  an 
abundance  of  oxygen  gas  of  great  purity,  which 
is  to  be  received  over  water  or  mercury  in  the 
ufual  way.  When  the  heat  is  raifed  to  rednefs, 
all  the  oxygen  is  expelled,  and  in  this  way 
loo  grams  of  the  fait  will  afford  about  112 
cubic  inches*  of  oxygen  of  extreme  purity. 
This  method  however  is  expenfive,  but  oxygen 
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f lire  enough  for  mod  experiments  may  be  got 
much  cheaper  by  other  ways. 

The  black  oxyd  of  manganefe  contains  a 
great  abundance  of  oxygen  fo  loofely  combined 
as  to  be  expelled  by  a moderate  red  heat,  and 
this  is  the  method  ufually  puvfued.  An  earthen 
or  iron  retort  (the  latter  of  which  are  made  for 
this  exprefs  purpofe)  is  to  be  filled  with  the 
black  oxyd  of  manganefe  in  powder,  and  heated 
in  a brilk  fire.  The  firft  produdf  of  gas  comes 
over  when  the  manganefe  is  faintly  red,  and 
confifts  chiefly  of  carbonic  acid,  fo  that  a taper 
is  immediately  extinguifhed.  After  this  if 
fmall  famples  of  the  gas  are  examined  as  it 
comes  over  by  dipping  a bit  of  kindled  wood 
in  it,  the  fire  will  foon  be  found  to  burn  with 
cncreafed  flame  and  brightnefs,  a fign  of  the 
prefence  of  oxygen,  foon  after  which  it  may 
be  colledted  for  ufe.  If  the  manganefe  be 
very  good,  one  pound  of  it  (which  will  lie  in 
a very  fmall  retort'  will  give  about  1400  cubic 
inches  of  oxygen  of  great  purity,  that  is,  con- 
taining perhaps  no  more  than  a tenth  of  car- 
bonic acid  or  any  other  gas.  The  oxygen 
begins  to  come  over  in  quantity  when  the 
manganefe  is  red-hot,  and  a full  red  heat  Ihould 
be  continued  as  long  as  any  gas  comes  over. 
The  refidue  is  a dark  ^rey  oxyd. 

Manganefe  if  moiftened  with  fulphuric  acid 
will  alio  give  out  much  oxygen  on  applying  no 
greater  heat  than  that  of  a taper,  and  hence  it 
may  be  obtained  very  expeditioufly  with  the 
fimpleft  apparatus  polTible.  But  a great  diffe- 
rence is  found  in  this  refpeft  in  the  different 
fpecies  of  manganefe. 

Ail  the  oxyds  of  mercury  when  heated  red 
hot  are  decompofed,  the  metal  returns  to  the 
ftate  of  running  mercury,  (which  is  driven  up 
in  vapour  and  foon  condenfes)  and  the  oxygen 
which  it  contained  appears  in  the  gaffeous 
form,  mixed  with  any  acid,  if  fuch  exifted  in 
the  oxyd.  Hence  the  calcined  mercury  or  pre- 
cipitate per  f y which  is  a Ample  combination  of 
oxygen  and  mercury,  when  heated  in  a retort 
to  a low  red  heat,  yields  only  oxygen  gas  and 
mercury  in  vapour,  the  whole  of  the  oxyd  is 
decompofed,  the  mercurial  vapour  condenfes 
into  extremely  pure  running  mercury,  and  the 
oxygen  gas  remains.  This  was  the  way  in 
which  Dr.  Prieftley  firft  obtained  this  gas,  and 
is  often  pra£fifed  when  a very  pure  oxygen  gas 
is  wanted,  as  it  may  be  done  in  a glafs  retort 
flightly  coated,  held  over  a pan  of  charcoal  fo 
as  to  heat  it  to  moderate  rednefs.  But  as  the  ' 
oxyd  perfe  is  a very  expenfive  preparation,  the 
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red  nitrous  oxyd  is  ufually  fubftituted.  (See 
the  articles  Mercury  and  Atmofpherical  Air.) 
Thefe  oxyds  yield  about  y of  their  weight  of 
oxygen  gas.  This  gas  is  however  at  firft  a 
little  impregnated  with  mercurial  vapour,  which 
is  depofited  as  a white  film  on  the  furface  of 
the  water  over  which  the  gas  ftiould  ftand  for 
a day. 

Turbith  mineral  (the  fulphated  oxyd  of  mer- 
cury) yields  much  oxygen  in  this  way,  mixed 
with  fome  fulphureous  acid. 

The  Red  oxyd  of  Lead  or  Minium  heated  to 
rednefs  in  an  earthen  retort  gives  abundance  of 
oxygen,  but  mixed  with  fome  carbonic  acid  gas. 

All  the  oxyds  of  iron  when  heated  to  lull 
rednefs  begin  to  give  out  oxygen  in  confiderable 
purity. 

Oxygen  gas  may  alfo  be  obtained  very  cheap 
and  confiderably  pure,  by  the  deftrudlive  dif- 
tillation  of  nitre  in  a moderate  red  heat.  This 
procefs  which  highly  illuftrates  the  decompo- 
fition  of  nitric  acid,  has’been  already  noticed 
under  the  article  Nifrat  of  Potafj.  To  obtain 
oxygen  from  it,  put  fome  dry  nitre  in  a coated 
glafs  or  an  earthen  retort,  lute  a tube  to  it  to 
convey  away  the  gas  to  the  proper  veflels,  filled 
with  and  inverted  over  water,  and  apply  a heat 
gradually  raifed  to  rednefs.  When  red-hot, 
the  acid  of  the  nitre  is  decompofed,  and  a very 
large  quantity  of  oxygen  is  given  out  for  a 
confiderable  time,  till  at  laft  all  the  acid  is 
diftipated  in  the  form  of  oxygen  and  azot,  and 
cauftic  potafti  remains  in  the  retort,  which  laft 
if  the  operation  be  puftied  to  the  utmoft, 
corrodes  the  retort  and  renders  it  unfit  for  a 
fecond  charge.  The  oxygen  is  confiderably 
pure  in  this  way,  but  is  mixed  with  a portion 
of  azot,  particularly  towards  the  laft.  It  is 
obtained  fimpler  and  cheaper  by  fubftituting  to 
the  retort  two  earthen  crucibles,  one  inverted 
over  the  other,  and  the  point  of  contadl  be- 
tween the  two  well  luted,  and  a tube  proceed- 
ing from  the  upper  crucible  to  convey  away  the 
gas  **  Nitrat  of  foda  will  anfwer  as  well,  as 
will  moft  of  the  metallic  nitrats,  and  many 
other  fubftances  moiftened  with  nitric  acid. 
Dr.  Prieftley  obtained  from  2 oz.  of  nitre 
heated  in  an  earthen  retort,  about  812  oz. 
meafures,  and  the  veffel  melted  with  the  alkali 
before  the  procefs  was  finiftied. 

All  the  nitrats  (nitrated  ammemia  excepted} 
will  yield  oxygen  gas  when  expofed  to-  a heat 
fufficient  to  decompofe  the  acid. 

Moft  of  the  green  parts  of  vegetables  while 
living,  yield  oxygen  gas  when  expofed  to  the 

m.  45.  p.  187. 


2 B 2 


O X Y 


O X Y 


( 196  ) 


lull’s  rays.  Of  thefe  the  green  conferva 
of  ponds  is  a remarkable  inftance,  as  Dr. 
Ingenhoufz  has  fliewn  by  experiment. 

The  fpecific  gravity  of  oxygen  gas  according 
to  Kirwan  is  0.00135,  or  740  times  lighter  than 
water,  (at  30  inches  bar.  and  60°  therm),  and  it 
is  heavier  than  common  air  in  the  proportion 
of  1103  to  1000.  The  weight  one  hundred  cubic 
inches  of  it  is  equal  to  34  grains;  but  Mr.  Davy 
makes  it  35.06.  The  expanfion  or  contraftion 
which  it  undergoes  by  changes  in  preffure  and 
temperature,  will  be  given  in  the  appendix. 

This  gas  is  only  in  a very  fmall  degree 
abforbed  by  water.  According  to  Mr.  Henry’s 
experiments,  100  cubic  inches  of  well  boiled 
water  abforb  3.55  of  oxygen.  This  folution 
has  no  particular  fenfible  qualities. 

The  charafters  that  peculiarly  diflinguifh 
oxygen  gas,  are  the  eminent  degree  in  which  it 
fupports  combuftion  and  refpiration;  and  it  is 
proved  that  neither  of  thefe  can  go  on  without 
oxygen,  and  that  it  is  folely  owing  to  its  prefence 
that  atmofpheric  air  and  the  other  compound 
gaffes  are  fitted  for  maintaining  thefe  grand 
proceffes  of  the  material  world.  The  function 
of  refpiration  will  not  be  treated  of  in  this 
work,  it  may  therefore  be  merely  mentioned  in 
this  place,  that  if  a fmall  animal  is  immerfed 
in  oxygen  gas,  it  will  live  much  longer  than  in 
the  fame  quantity  of  common  air,  and  if  the 
carbonic  generated  in  the  procefs  be  occa- 
fionally  removed  by  alkalies,  the  animal  will 
remain  in  the  gas  uninjured  for  a much  greater 
length  of  time.  In  this  and  in  many  other 
refpe£ts  the  proceffes  of  refpiration  and  corn- 
bullion  agree,  but  ffill  there  are  fome  circum- 
ftances  which  render  it  probable  that  the  diluter 
ftate  of  oxygen,  (fuch  as  it  exills  in  common 
air)  is  altogether  Jitter  for  animal  refpiration 
than  a purer  oxygen. 

The  burning  of  the  feveral  combuftible  bodies 
in  oxygen  gas,  forms  a number  of  moll  beauti- 
ful and  inllrudlive  experiments,  and  has  con- 
tributed more  than  any  thing  elfe  to  give 
accurate  ideas  on  the  nature  of  combuftion  in 
general.  Some  of  the  experiments  are  the 
following ; 

Immerfe  a lighted  taper  in  the  gas,  and  it 
will  burn  with  a prodigious  encreafe  of  rapidity, 
and  a dazzling  light. 

Heat  the  top  of  a bit  of  charcoal  red-hot, 
(which  if  merely  left  in  the  open  air  will 
foon  be  covered  with  a white  alli,  and  be 
extinguilhed)  ; introduce  it  into  oxygen  gas, 
and  the  kindled  part  wall  fuddenly  glow  with 
a bright  heat,  and  emiffion  of  brilliant  fparks 


for  a certain  time,  after  which  It  will  go  out. 
The  bulk  of  the  remaining  gas  is  not  much 
altered,  but  a large  quantity  of  the  oxygen 
will  be  confumed,  and  in  its  Head  much 
carbonic  acid  gas  will  be  generated,  which 
will  mftantly  render  lime  water  milky  when 
ftiaken  with  it,  and  may  be  removed  by  lime 
or  alkalies.  The  weight  of  carbonic  acid  wnll 
be  found  to  equal  the  lofs  fuftained  by  the 
charcoal  and  by  the  oxygen  united. 

Introduce  a fmall  piece  of  phofphorus  Into 
a large  jar  of  oxygen,  with  an  atom  of  lighted 
tinder  in  contadl  with  it.  (The  beft  apparatus 
for  thefe  experiments  will  be  mentioned  in  the 
appendix.)  The  phofphorus  will  burn  with  a 
vaft  body  of  bright  light,  fo  brilliant  that  the 
eye  can  hardly  fupport  it,  and  with  intenfe  heat 
and  rapid  emiffion  of  white  fumes.  The  heat 
at  firft  expands  the  gas,  and  if  the  jar  is  quite 
full  throws  part  of  it  out,  but  prefently  there 
is  a rapid  abforption,  the  water  being  fucked 
up  into  the  jar,  and  if  the  gas  were  quite  pure 
none  would  be  left.  The  wTite  vapours  are 
phofphoric  acid,  the  produdl  of  the  combuftion, 
and  obvioufly  compounded  of  phofphorus  and 
oxygen,  as  in  the  former  experiment  the  car- 
bonic acid  gas  was  produced  by  the  union  of 
charcoal  and  oxygen. 

Provide  a bottle  with  a cork  perforated  to 
admit  a glafs  tube  drawn  out  to  a tolerably  fine 
point,  and  bent  at  right  angles  in  the  middle. 
Fill  the  bottle  nearly  full  with  very  dilute  ful- 
phuric  or  muriatic  acid,  and  throw  in  feveral 
fmall  bits  of  zinc.  This  will  produce  a copious- 
ftream  of  hydrogen  gas,  which  (when  it  has  run 
to  wafte  for  a fhort  time  to  expel  the  common 
air  of  the  bottle)  kindle  at  the  end  of  the  glafs 
tube,  and  immediately  introduce  it  Into  the  fide 
opening  of  a fmall  tubulated  receiver,  full  of 
oxygen,  through  the  perforation  of  a cork  cut 
to  fit  exadtly,  whilft  the  neck  of  the  receiver 
Is  inverted  over  water.  The  ftream  of  hydrogen 
will  bum  with  an  enlarged  flame,  and  without 
any  fmoke,  and  all  the  infide  of  the  receiver 
will  be  covered  with  a watery  dew.  The  gas 
will  gradually  difappear  and  the  water  rife. 
In  this  procefs.  (and  others  more  accurate  will 
be  mentioned  under  the  article  Water)  the  foie 
producl  is  water,  which  therefore  is  produced 
by  the  union  of  hydrogen  and  oxygen  at  a higk 
temperature. 

Make  a fpiral  coil  of  iron  wire,  and  kindle  It, 
and  Introduce  it  into  oxygen  gas.  (The  man- 
ner of  performing  the  experiment  is  deferibed 
under  the  article  Iron,  and  in  the  Appendix). 
After  a moft  brilliant  combuftion  the  iron  will 
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be  melted  in  drops  at  the  bottom  of  the  veflel, 
and  converted  into  an  Oxyd  of  Iron. 

The  above  are  only  a few  of  a number  of 
beautiful  experiments  which  have  been  devifed, 
to  fliew  the  rapidity  with  which  bodies  burn  in 
oxygen  gas,  and  the  products  of  fuch  com- 
buftion . 

The  procefs  of  combuftion,  which  is  one  of 
the  moll  llriking  and  moll  familiar  of  all  the 
natural  phenomena,  has  long  engaged  the  ut- 
moll  attention  of  philofophers.  It  is  not  our 
intention,  in  a work  like  the  prefent,  which 
chiefly  aims  at  colle£ling  and  recording  fafts 
and  familiar  procefles,  to  give  any  hillory  of  the 
theories  that  have  been  advanced  on  this  curious 
and  dilficult  fubje£l.  It  will  be  fufficient  to 
obferve  that  there  have  been  at  leall  three  hypo- 
thefes  made  to  account  for  combuftion,  together 
with  feveral  modifications  of  each.  The  firft 
in  order  of  time  is  the  Phlogijlic  theory,  which 
was  brought  to  a very  ingenious  fyftem  by 
Stahl,  who  Is  generally  looked  upon  as  Its  au- 
thor. This  able  philofopher  fuppofes  that  all 
inflammable  bodies  (or  fuch  as  burn  with 
emiftion  of  light  and  heat)  contain  a portion  of 
an  intangible,  imponderable  principle,  called 
phlogifton,  to  which  they  owe  their  inflamma- 
bility with  all  its  attendant  phenomena.  Whilft 
a body  is  burning,  it  parts  with  its  phlogifton, 
which  palTes  into  combination  with  the  ambient 
air,  and  It  is  thus  reduced  for  the  moll  part  into 
an  alh,  or  (if  a metal)  into  a calx,  which  differs 
from  the  original  fubftance  only  in  being  de- 
prived of  phlogifton.  Therefore  (to  take  a 
metal  as  an  example)  in  order  to  reduce  the 
calx  to  the  metallic  ftate,  it  is  neceffary  to 
unite  it  with  fome  inflammable  fubftance,  fuch 
as  charcoal,  which  reftores  its  phlogifton,  and 
brings  it  back  to  the  metallic  or  reguline  ftate. 

But  this  ingenious  hypothefis  was  made  before 
the  difeovery  of  oxygen,  and  before  the  precife 
agency  of  air  in  maintaining  combuftion  was 
underftood,  and  therefore  the  feveral  modifica- 
tions made  to  accommodate  it  to  all  the  then 
known  chemical  fa£ls,  were  all  effentially 
defe£live. 

The  difeovery  of  oxygen  by  Dr.  Prieftley, 
followed  at  no  great  length  of  time,  which  gave 
rife  to  the  moft  admirable  and  beautiful  re- 
fearches  of  Lavoifier,  on  the  fubjedl  of  com- 
buftion, in  which  this  excellent  philofopher  de- 
monftrated  that  in  all  cafes  of  combuftion,  the 
inflammable  fubftance  united  with  oxygen,  and 
produced  either  an  acid,  or  an  oxyd,  or  water, 
or  a mixture  of  thefe  three,  and  the  weight  of 
the  produdl  above  that  of  the  fimple  combufti- 


ble  was  exa£lly  equal  to  the  quantity  of  oxygen 
which  had  difappeared.  In  this  refpedl  there- 
fore the  fyftem  fo  finely  brought  out  by  Lavoifier 
was  not  fo  much  an  improvement  of  Stahl’s,  as 
an  effential  addition  to  it  and  all  other  previous 
theories,  by  accounting  for  the  increafe  of  weight 
of  the  produEl  of  combuftion  over  that  of  the 
combuftible.  But  combufion  implies  the  difen- 
gagement  of  light  and  heat,  which  was  ftill  to 
be  explained,  and  this  was  done  by  Lavoifier, 
to  the  utter  exclufion  of  phlogifton  (the  exift- 
ence  of  which  was  at  ah  times  very  problemati- 
cal) by  fuppofing  oxygen  gas  to  be  a compound 
of  oxygen  with  heat  anu  light,  and  therefore 
whilft  a body  burns  (according  to  Lavoifier)  it 
abforbs  oxygen  from  the  air,  feparating  it  from 
the  heat  and  light  with  which  it  was  united, 
and  which  then  appear  in  the  fenfible  form  of 
fire.  This  fyftem  therefore  allows  of  no  other 
difference  between  combuftion  and  flow  oxyge- 
nation, than  that  in  the  former  cafe,  the  pro- 
cefs going  rapidly,  the  heat  and  light  feparated 
from  the  oxygen  gas  appear  in  the  form  of 
vifible  flame,  and  in  the  latter  they  efcape  flowly 
and  imperceptibly  to  the  fenfes. 

From  the  way  in  which  Lavoifier  expreffes 
himfelf  however,  it  might  be  fuppofed,  that  he 
conceived  that  the  only  portion  of  caloric  which 
could  be  fet  free  during  combuftion,  was  that 
which  is  eflential  to  the  gafeous  form,  or  that 
which  makes  the  foie  difference  between  a folid 
body  and  the  fame  body  gaffified,  analogous  to 
the  difference  in  this  refpedl  between  fteam  and 
fluid  water.  Hence  it  would  follow  that  no  oxy- 
gen In  folid  or  liquid  combination  could  main- 
tain combuftion,  a pofition  which  is  inftantly 
refuted  by  the  well-known  power  of  the  folid 
oxygen  of  nitre  and  oxymuriat  of  potafli  to  in- 
flame charcoal,  or  the  liquid  oxygen  of  nitric 
acid  to  kindle  effential  oils. 

If  therefore  oxygen  is  the  fource  of  the  heat 
difengaged  during  combuftion  (which  is  ex- 
tremely probable)  it  muft  be  allowed  in  feveral 
inftances  to  carry  the  greater  part  of  its  beat 
with  it  into  various  combinations,  fo  that  the 
oxygen  of  nitric  acid  which  can  fupport  com- 
buftion, muft  be  allowed  to  be  dilferent  from 
that  of  water  (for  example)  which  cannot  : 
and  nitric  acid  therefore  muft  be  called  a com- 
pound of  azot,  and  oxygen  ’luith  its  caloric  ; and 
water  a compound  of  hydrogen  and  oxygen 
•without  its  caloric.  This  diftindlion  has  been 
well  pointed  out  by  Brugnatelli,  ^ who  terms 
the  former  ftate  thermoxygen^  and  the  latter 
fimply  oxygen. 

It  is  a prefumptive  argument  too,  that  the 
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heat  given  out  during  combufUon  is  chiefly 
derived  from  the  oxygen,  that  the  increafe  of 
temperature  is  generally  pretty  accurately  pro- 
portioned to  the  quantity  of  oxygen  confumed, 
as  was  found  by  Mefl'rs.  Lavolfier  and  La  Place, 
in  their  experiments  with  the  calorimeter. 

'Several  objedlions  of  weight  however  oppofe 
the  hypothelis  that  light  is  alfo  a conflituent 
part  of  oxygen  gas,  or  of  oxygen  in  any  ftate 
fit  to  fupport  combuftion.  One  of  the  ftrongeft 
is,  that  the  quantity  of  light  given  out  in  this 
procefs,  is  not  proportioned  to  the  quantity  of 
heat,  and  the  circumftance  of  the  various  colour 
which  the  flame  aflumes,  according  to  the  na- 
ture of  the  combuftible  body,  would  feem  rather 
to  indicate  that  it  is  this  latter,  and  not  the 
oxygen  gas,  which  is  the  principal  fource  of  the 
light.  _ 

This  opinion  has  been  adopted  by  feveral 
chemifts  of  late  years,  among  whom  are  Gren 
and  Brugnatelli,  and  Dr.  Thomfon.  So  that 
according  to  this  fyftem  the  procefs  of  com- 
buftion is  in  fa£l  a double  decompofition,  in 
which  the  combuftible  body  unites  with  oxygen 
to  form  an  oxyd,  or  water,  or  an  acid,  according 
to  circumftances,  whilft  the  light  of  the  com- 
buftible combines  with  the  caloric  of  the  oxygen, 
and  produces  the  flame  or  fire 

It  will  be  eafily  feen  that  this  fyftem  In  one 
part  bears  a refemblance  to  the  ancient  hypo- 
thefis  of  phlogifton,  infomuch  that  both  of  them 
fuppofe  a fomething  to  be  contributed  by  the 
combuftible  body  itfelf  towards  the  compofition 
of  the  fire  or  fiajne^  and  this  too  appears  on  the 
whole  more  confonant  with  the  general  pheno- 
mena of  combuftion  and  oxygenation  ; but  ftlll 
there  remain  a vaft  number  of  difficulties  to  be 
cleared  up  before  it  can  be  fully  admitted. 

The  lateft,  the  moft  laboured,  and  certainly 
one  of  the  moft  ingenious  theories  of  com- 
buftion, is  that  of  Dr.  Thompfon,  who  adopts 
the  above-mentioned  modification  of  the  phlo- 
glftic  fyftem,  and  has  given  a very  fatisfadfory 
view  of  the  aftual  phenomena  as  far  as  they  are 
known,  to  which  we  ffiall  refer  the  reader. 

OXYMURIATIC  ACID.^  Acide  micriatique 
»^)'gcne.  Fr.  Oxygenifirte  Salzsdure.  Germ. 
Dephlogifiicated  Marine  Acid  of  Scheele. 

This  acid  was  firft  difcovered  by  Scheele  in 
confequence  of  digeftlng  the  black  oxyd  of 
manganefe  with  muriatic  acid.  It  is  beft  pre- 
pared in  the  following  way.  Charge  a long- 
necked tubulated  glafs  retort  not  more  than 
one-fourth  full  of  8 parts,  by  weight,  of  murl- 
,atcd  foda,  and  3 parts  of  black  oxyd  of  manga- 

^ Syftem  of  Chemiftry  and  Phil.  Journ.  8vo. 


nefe,  thefe  Ingredients  being  In  fine  powder, 
and  accurately  mixed  together;  then  add  5 
parts  of  fulphuric  acid,  diluted  with  4 parts  of 
water : the  beak  of  the  retort  being  now  intro- 
duced into  a common  water  bath  filled  with 
warm  water,  and  a gentle  heat  being  commu- 
nicated to  the  ingredients  by  means  of  a lamp, 
a fpeedy  effervefcence  will  take  place,  the  com- 
mon air  will  be  driven  out  of  the  retort  by  a 
light  yellow  coloured  gas,  which  is  oxymuriatic 
acid,  and  may  be  colle£l:ed  in  inverted  vials  in 
the  ufual  manner.  The  rationale  of  the  procefs 
is  this  ; fulphuric  acid  when  heated  with  black 
oxyd  of  manganefe,  drives  off  part  of  its  oxygen, 
and  then  forms  with  the  remaining  fub-oxyd 
fulphat  of  manganefe  : murlat  of  foda  is  alfo 
decompofed  by  fulphuric  acid,  the  muriatic  acid 
being  feparated  by  the  fuperior  affinity  of  the 
fulphuric.  But  if  thefe  two  diftin6l  decompo- 
fitions  take  place  at  the  fame  time  and  in  the 
fame  veffel,  the  oxygen  and  muriatic  acid  gaffes 
while  in  a nafcent  ftate,  combine  together 
producing  a new  compound,  oxymuriatic  gas, 
which  being  but  little  foluble  in  warm  water,  is 
collefted  as  we  have  juft  defcribed  ; any  por- 
tion of  common  muriatic  acid  that  might  be 
accidentally  mixed  with  it  being  compleatly 
feparated  by  means  of  the  water  through  which 
it  paffes.  This  gas  may  alfo  be  procured  in  a 
more  fimple,  though  not  quite  fo  eligible  a 
manner,  by  digefting  ftrong  muriatic  acid  with 
about  half  its  weight  of  black  oxyd  of  manga- 
nefe. 

Oxymuriatic  acid  gas  Is  of  a light  yellowifli 
green  colour ; Its  fpecific  gravity  has  not  been 
afcertained.  Its  odour  is  more  penetrating  and 
fuffocating  than  even  that  of  fulphureous  acid, 
occafioning  a long  - continued  and  convulfive 
cough,  even  when  largely  mixed  with  common 
air ; when  pure,  or  nearly  fo,  it  is  inftantane- 
oufly  fatal  to  animal  life.  A cubic  inch  of 
water  at  43°  Fahr.  is  capable  of  abforbing 
1.07  grains  troy  of  this  gas,  and  thereby  ac- 
quires a denfity  of  1.C03  : but  though  cold 
water  takes  up  this  gas  without  much  difficulty, 
it  is  nearly  infoluble  in  hot  water : hence  the 
beft  method  of  obtaining  tire  liquid  acid  is  by 
means  of  a Woulfe’s  apparatus,  the  bottles  of 
which  are  furrounded  with  ice ; by  this  ma- 
nagement, when  the  water  is  nearly  faturated 
w'ith  the  gas,  it  depofits  thin  lamellar  cryftals 
of  oxymuriatic  acitl,  which  again  diflblve  and 
mix  W'ith  the  reft  of  the  fluid  on  a fmall 
increafe  of  temperature  ; and  at  a higher  heat, 
part  of  the  acid  efcapes  in  an  elaftic  form. 
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Both  in  colour  and  odour  the  liquid  acid  is 
fimilar  to,  but  weaker  than  the  gas,  to  the  tafte 
it  is  auftere  and  fomewhat  acrid,  but  not  four. 
It  differs  from  other  acids  in  entirely  difcharging 
all  vegetable  colours  except  charcoal  black,  nor 
are  they  capable  of  being  reftored  by  the  fubfe- 
quent  application  of  an  alkali.  The  fame  effe£ls 
are  produced  by  the  galfeous  acid,  but  if  this  in 
a concentrated  ftate  is  allowed  to  remain  long 
in  contadl:  with  vegetable  fibre,  it  weakens  its 
texture,  and  turns  it  firft  to  yellow  and  at 
length  brown,  by  carrying  off  the  hydrogen 
and  reducing  the  carbon  nearly  to  the  ftate  of 
charcoal.  The  colour  is  in  like  manner  dif- 
charged  from  animal  fibre,  but  the  deftruflive 
a£lion  of  the  acid  on  the  fibre  taking  place  at 
the  fame  time,  a yellow  colour  is  evolved,  which 
no  after  procefs  can  get  rid  of.  Thus  if  a 
mixed  ftuff  of  linen  and  woollen  be  dyed  with 
indigo,  and  afterwards  fubmitted  to  the  aftion 
of  either  the  gafleous  or  liquid  acid,  the  blue 
colour  will  be  found  in  the  courfe  of  an  hour 
or  two  to  be  deftroyed,  and  the  fibres  of  the 
linen  will  appear  white,  and  thofe  of  the  wool 
yellow  ► 

Oxymurlatic  acid  gas,  though  fatal  to  animal 
life,  is  in  many  cafes  capable  of  fupporting 
combuftion  ; a lighted  taper  if  plunged  fuddenly 
in  it,  is  often  extinguilhed,  but  if  let  down 
gently  it  continues  to  burn  with  a remarkably 
red,  but  fomewhat  diminiftied  flame,  and  a 
very  copious  fmoke,  being  at  the  fame  time 
confumed  with  uncommon  rapidity.  Light 
appears  to  have  no  eft'e£l:  on  this  gas,  and  it 
may  be  palTed  through  a red  hot  earthen  or 
glafs  tube  without  any  change,  except  a tem- 
porary increafe  in  bulk.  The  liquid  acid  on 
the  contrary,  undergoes  a decompofition  by  the 
a£fibn  of  light,  oxygen  gas  being  evolved,  and 
the  acid  returning,  for  the  moft  part  at  leaft, 
to  the  ftate  of  common  muriatic : whence  the 
necelTity  of  keeping  it  in  an  opake  bottle,  or  in 
a dark  clofet. 

Oxymuriatic  acid  gas,  when  mixed  with  hy- 
drogen and  pafled  through  a red  hot  earthen 
tube,  is  rapidly  decompofed,  inflammation  and 
detonation  being  the  confequence,  a fimilar 
effe£l;.  takes  place  if  a lighted  match  is  applied 
to  the  mixed  gafles  *,  but  at  the  ufual  tempera- 
ture the  mutual  aftion  of  thefe  two  gafles  is 
very  flow ; at  length  however  the  oxygen  of  the 
acid  gas  combines  with  the  hydrogen,  and  liquid 
muriatic  acid  is  the  refuit. 

Sulphur  at  the  common  temperature  flowly 
decompofes  oxymuriatic  acid  gas,  and  is  itfelf 
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partly  acidified  j but  if  melted  fulphur  is  intro- 
duced into  a jar  full  of  the  gas,  an  immediate 
inflammation  takes  place,  and  fulphuric  acid  is 
formed.  The  liquid  acid  has  no  addion  on  ful- 
phur. 

Sulphuretted  hydrogen  and  oxymuriatic  acid 
gas  mutually  decompole  each  other,  but  with- 
out inflammation ; if  the  latter  is  lefs  in  quan- 
tity than  the  former  the  hydrogen  only  of  the 
fulphuret  is  oxygenated,  but  if  the  acid  is  con- 
fiderably  in  excefs,  both  the  hydrogen  and  ful- 
phur are  oxygenated,  and  the  produdls  are 
muriatic  and  fulphuric  acids  and  water.  An 
analogous  effedt  takes  place  if  the  acid  and 
hydro-fulphuret  are  employed  liquid  inftead  of 
galfeous.  When  the  acid  is  poured  by  fuc-- 
ceflive  fmall  portions  into  the  hydro-fulphuret, 
this  latter  is  decompofed,  and  its  fulphur  is 
precipitated  : but  if  this  is  reveifed,  and  the 
hydro-fulphuret  is  poured  into  the  acid,  no  pre- 
cipitation takes  place,  the  fulphur  being  acidi- 
fied. 

Phofphorus,  if  cut  into  fmall  pieces  and  dried 
in  blotting  paper,  deflagrates  with  a bright  flame 
as  foon  as  it  is  introduced  into  oxymuriatic  acid 
gas,  the  oxygen  being  at  the  fame  time  trans-- 
ferred  from  the  acid  to  the  phofphorus.  This 
combuftible  body  has  no  adiion  on  the  liquid 
acid,  except  it  is  alfifted  by  a ftrong  light : in 
this  cafe  the  oxygen,  as  it  quits  the  oxymuriatic 
acid,  unites  flowly  and  filently  with  the  phof- 
phorus, which  is  thus  acidified. 

Phofphuretted  hydrogen  readily  decompofes 
the  galfeous  acid,  a flame  (not  however  fa 
bright  as  when  oxygen  gas  is  employed)  making 
its  appearance  at  the  inftant  of  their  union.  If 
the  acid  and  phofphuret  are  mixed  together  in 
a liquid  ftate,  the  decompofition  happens  with 
precifely  the  fame  modifications  as  we  have  juft 
defcribed  with  regard  to  liquid  hydrofulphuret. 
Phofphorized  ellential  oil,  by  remaining  a few 
minutes  in  this  acid  gas,  becomes  confiderably 
heated,  but  does  not  inflame,  if  however  in 
this  ftate  it  be  removed  into  the  common  air, 
it  takes  fire  with  a kind  of  explofion.  ^ 

All  the  metals  decompofc  oxymuriatic  acid 
gas,  and  many  of  them,  if  fufiiciently  attenu- 
ated, undei'go  adlual  inflammation.  Thus  if  a 
leaf  of  gold  or  copper  be  let  down  into  a wide- 
mouthed vial  full  of  this  gas,  the  metal  will 
burn  with  a green  light,  will  be  oxydated,  and 
will  then  combine  with  the  muriatic  acid  with 
which  it  finds  itfelf  in  contadf.-  Several  of  the 
metals,  fuch  as  antimony,  arfenic,  bifmuth,  and 
tin,  when  reduced  to  a line  powder  and  poured' 
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into  the  gas,  become  immediately  red  hot,  and 
prefent  the  appearance  of  a fliower  of  fire. 
Some  of  the  metallic  fulphurets,  efpecially 
thofe  of  mercury,  antimony,  and  arfenic,  in  like 
manner  decompofe  this  gas,  being  themfelves 
ignited  and  oxygenated. 

The  liquid  oxymuriatic  acid  is  decompofed 
by  all  the  metals,  and  the  refulting  fait  is  a 
muriat,  the  bafe  of  which  is  at  a high  degree 
of  oxydation.  None  of  the  metals  during  their 
folution  in  this  acid  give  out  hydrogen,  as  they 
do  w'hen  a£led  on  by  fimple  muriatic  acid,  for 
the  oxygen  which  in  this  latter  cafe  they ’obtain 
from  the  decompofition  of  part  of  the  water,  is 
procured  in  the  former  cafe  by  the  decompofition 
of  the  acid. 

From  the  very  fmall, difference  between  the 
fpecific  gravities  of  water  and  liquid  oxymuriatic 
acid,  it  is  obvious  that  the  proper  acid  part  of 
the  fluid  is  in  a ftate  of  but  little  condenfation, 
hence  it  appears  that  in  this  form  it  is  inca- 
pable of  diflodging  the  carbonic  acid  from  car- 
bonat  of  lime,  and  probably  from  any  other  of 
the  perfectly  neutralized  alkaline  carbonats, 
except  perhaps  carbonat  of  ammonia.  If  there- 
fore fome  finely  pulverized  calcareous  fpar  be 
digefled  in  liquid  oxymuriatic  acid,  it  will  be 
found  to  dillblve  in  this  fluid  without  the  difen- 
gagement  of  a Angle  bubble  of  carbonic  acid : 
in  proportion  as  it  becomes  charged  with  this 
earthy  carbonat,  its  yellow  colour  difappears, 
and  its  peculiar  odour  becomes  lefs  and  lefs 
perceptible.  On  the  addition  of  lime-water 
or  a folution  of  cauftic  potafh,  the  carbonat  of 
lime  is  precipitated  unaltered. 

The  atfion  of  ammonia  upon  oxymuriatic 
acid  gas  is  very  remarkable.  If  a ftrong  glafs 
jar  Ailed  with  i8  or  2o  cubic  inches  of  the  latter 
fubftance,  be  placed  in  a mercurial  bath,  and 
two  or  three  cubic  inches  of  ammoniacal  gas 
are  thrown  up  into  the  jar,  a pretty  confiderable 
detonation  accompanied  by  a white  light  and 
abfoi'ption  takes  place,  and  a thick  vapour  is 
produced  ; in  a Aiort  time  the  vapour  condenfes 
into  a fluid  conAfting  of  water,  muriatic  acid,  and 
a little  ammonia,  and  the  gas  remaining  in  the 
jar  will  be  found  to  be  nearly  pure  azot.  Hence 
it  is  manifeft  what  happens  during  this  procefs  : 
the  greater  part  of  the  ammonia  is  decompofed 
into  its  elements  azot  and  hydrogen,  of  which 
the  former  aflumes  the  elaftic  Aate,  while  the 
latter  reafts  on  the  oxymuriatic  acid,  deprives 
it  of  its  oxygen  with  which  it  combines  to  form 
water,  which,  as  foon  as  produced,  unites  with 
the  muriatic  acid  and  undecompofed  ammonia. 


thus  compoAng  a watery  folution  of  acidulou* 
ammoniacal  muriat. 

The  precife  mode  in  which  the  Axed  alkalies 
a£I  on  oxymuriatic  acid  is  a fubjecff  on  which 
chemifls  are  not  yet  perfectly  agreed.  Thofe 
who  have  paid  the  moft  attention  to  this  intri- 
cate fubjebf  are  Berthollet  and  Chenevix,  from 
whofe  experiments  we  fliall  fele£f  the  following 
particulars,  beginning  with  thofe  of  the  lall 
mentioned  chemift. 

The  bottles  of  a Woulfe’s  apparatus  were 
charged,  the  Arft  with  a folution  of  pure  potafli 
In  Ax  parts  of  water,  the  fecond  with  a folution 
of  pure  potaAi  in  about  twenty  parts  of  water, 
and  the  third  with  a folution  of  common  car- 
bonat of  potafh : the  third  bottle  was  connedled 
with  a pneumatic  apparatus,  and  the  Arft  with 
a retort  charged  with  muriat  of  foda,  fulphuric 
acid,  and  black  oxyd  of  manganefe,  in  the  ufual 
proportions.  By  a gentle  heat  oxymuriatic 
acid  gas  was  liberated  in  abundance,  and  pafled 
into  the  Arft  bottle,  where  it  was  abforbed  by 
the  alkali;  when  this  was  faturated  the  acid 
gas  began  to  combine  with  the  potafh  of  the 
fecond  bottle,  any  muriatic  or  fulphuric  acid 
that  might  cafualiy  rife  from  the  retort  along 
with  it,  being  detained  by  the  alkali  of  the  Arft, 
By  this  management  nothing  but  pure  oxymu- 
riatic acid  was  brought  Into  contaft  with  the 
potafh  in  the  fecond  bottle,  and  the  procefs  was 
continued  till  the  liquor  fhowed  an  excefs  of 
acid.  A portion  of  this  liquor  was  diftllled  to 
drynefs  in  a glafs  retort,  care  being  taken  to 
prevent  the  accefs  of  light:  during  this  procefs 
nothing  came  over  except  water  and  a little 
of  the  dilated  air  of  the  veffels,  it  is  manifeft 
therefore  that  the  dry  fait  thus  obtained  held  all 
the  oxygen  that  had  been  contained  in  the 
oxymuriatic  acid,  which  had  combined  with 
the  potafli  in  the  fecond  bottle  of  the  Woulfe’s 
apparatus.  loo  grains  of  this  dry  fait  were 
then  diflblved  In  water,  and  by  the  addition  of 
nitrat  of  Alver  a quantity  of  muriated  Alver  was 
precipitated,  indicative  of  84  parts  of  muriated 
potafh:  but  in  this  fait  the  acid  is  not  oxygena- 
ted, hence  It  follows  that  the  remaining  16 
parts  not  decompofable  by  nitrated  Alver,  were 
hyper-oxymuriat  of  potafj,  the  acid  of  which  was 
combined  with  all  the  oxygen  formerly  united 
with  that  of  the  84  parts  of  muriated  potafh, 
and  therefore  at  a much  higher  degree  of 
oxygenation  than  common  oxymuriatic  acid. 
Hence  it  appears  that  the  effe<2:  of  liquid 
potafli  on  oxymuriatic  acid  is  to  decompofe  it 
by  transferring  the  whole  of  its  oxygen  to  a 
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fmall  part  of  the  acid,  and  thus  reducing  the 
renaainder  to  the  ftate  of  common  muriatic. 
That  this  change  is  entirely  compleated  almoft 
immediately  upon  the  alkali  and  oxymuriatic 
acid  coming  in  contaft  with  each  other,  is 
proved  according  to  Mr.  Chenevix  by  the 
following  experiment.  He  decompofed  by 
nitrat  of  filver  400.  grains  of  the  liquor  prepared 
in  the  fecond  Woulfe  bottle,  and  obtained  yr 
grains  of  muriated  filver.  A like  quantity  of 
the  liquor  was  then  gradually  evaporated  to 
drynefs,  and  the  refidual  fait  again  difiblved  in 
water;  from  this,  nitrat  of  filver  threw  down 
70  grs.  of  muriat.  Now  if  in  the  former  cafe 
any  of  the  acid  had  been  in  the  ftate  of  oxymu- 
riatic, the  amount  of  hyper-oxymuriatic  and 
muriatic  acids  would  have  been  proportionably 
diminiflied,  and  alfo  of  courfe  the  precipitate 
of  muriated  filver.  Thus  as  appears  from  the 
experiments  and  reafoning  of  Mr.  Chenevix, 
when  cauftic  potafh  is  faturated  by  oxymuriatic 
acid  gas,  an  immediate  decompofition  of  this 
lall  takes  place,  no  oxymuriat  of  potafh  is 
formed,  but  fimple  muriat  and  hyper-oxymuriat 
in  the  proportion  of  84  of  the  former  to  i6  of 
the  latter. 

But  fome  doubts  as  to  the  legitimacy  of  the 
conclufions  deduced  by  Mr.  C.  from  his  expe- 
riments have  been  fuggefted  by  M.  Berthollet, 
which  we  fhall  now  proceed  to  ftate.  And 
firft  as  to  the  proof  by  nitrated  filver:  this 
according  to  the  able  chemift  juft  mentioned, 
is  not  in  this  cafe  to  be  depended  on,  fince  the 
affinity  of  the  oxyd  of  filver  for  muriatic  acid 
may  itfelf  determine  tlie  transfer  of  oxygen 
neceftary  to  the  produflion  of  hyper-oxymuriatic 
acid.  As  a further  proof  that  the  decompofition 
of  the  oxymuriatie  acid  into  common  muriatic 
and  hyper-oxymuriatic  acids  is  a much  more 
gradual  procefs  than  it  is  fuppofed  to  be  by 
Mr.  Chenevix,  the  following  experiment  was 
made  by  M.  Berthollet  .<*  Into  a folution  of  potafh 
a quantity  of  oxymuriatic  acid  gas  was  palled, 
not  quite  fufficient  to  faturate  the  alkali:  the 
refulting  fluid  was  divided  into  two  equal 
portions,  of  which  one  was  immediately  expofed 
to  the  aflion  of  light,  and  the  other  was  kept 
in  the  dark  for  a fortnight,  and  then  fet  in  the 
funfmne.  Now  it  is  the  effeft  of  light  to 
decompo'fe  the  oxymuriatic  acid,  but  not  the 
hyper-oxymuriatic,  by  liberating  its  oxygen, 
hence  if  the  decompofition  of  the  former  had 
been  immediate  and  total  on  its  experiencing 
the  affiort  of  the  alkali,  no  oxygen  gas  ougltt 
to  have  been  produced,  but  in  fa£t  the  former 
^ Chim.  Stat.  §.  317. 


portion  of  liquor  afforded  \6  parts,  and  the 
latter  portion  7 parts  of  this  gas,  whence  it 
follows,  firft,  that  the  decompofition  of  the 
oxymuriatic  acid  by  means  of  potafli  is  only 
partial,  and  fccondly  that  it  is  not  inftantaneous. 
A further  proof  of  the  correiSlnefs  of  this 
reprefentation  is  that  the  liquor  in  queftion 
retained  the  property  of  difeharging  vegetable 
colours,  which  is  characferiiHc  of  the  oxymu- 
riatic, but  not  of  the  hyper-oxymuriatic  acid. 
A remark  by  Mr.  Hoyle'  may  be  brought  in 
further  confirmation  of  M.  Berthollet’s  theory, 
namely,  that  after  feparating  the  hyper-oxymu- 
riat of  potafli  from  the  liquor  in  the  form  of 
cryftalline  plates  and  needles  by  refrigeration, 
there  was  obtained  by  evaporation  a muriat  of 
potafh,  confiderably  oxygenated,  though  not 
capable  of  detonating  w'ith  fulphur,  and  there- 
fore not  in  the  ftate  of  hyper-oxymuriat. 

Some  further  experiments  of  M.  Berthollet 
have  alfo  confirmed  a former  obfervation  made 
by  him,  and  .afterwards  called  in  queftion  by 
Mr.  Chenevix,  which  is,  that  if  oxymuriatic 
acid  gas  be  paffed  into  a fomewhat  concentrated 
folution  of  potafh,  the  affinity  of  this  laft  for 
muriatic  acid  becomes  fo  powerful  as  to  decom- 
pofe  it  at  a greater  rate  than  hyper-oxymuriat  of 
potafh  can  be  formed,  in  confequence  of  which 
an  a£lual  difengagt  ment  of  oxygen  gas  takes 
place,  and  as  the  experiment  fucceeds  perfcdlly 
well  in  the  dark,  it  is  obvious  tliat  the  adbion  of 
light  has  nothing  to  do  in  this  cafe. 

The  proportions  of  tlie  ingredients  of  oxy- 
muriatic acid  were  firft  ftated  by  Berthollet  at 
89  Muriatic  acid 
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The  mode  by  which  he  obtained  this  refult, 
though  very  fimple,  was  not  however  quite 
corre£l.  He  faturated  with  the  acid  gas  50 
cubic  inches  of  water  and  expofed  it  to  the  fun 
till  it  ceafed  to  give  out  oxygen  gas:  the  quan- 
tity of  this  latter  thus  procured,  amounted  to 
8 grs.  and  the  refidual  liquor  by  the  tefl  of 
nitrated  filver  indicated  65  grs.  of  muriatic 
acid.  Hence  : 73  : 8 : : loo  : i x nearly.  But 
M.  Berthollet  himfelf  is  of  opinion  that  the 
whole  of  the  oxygen  was  not  feparated  from 
the  liquor  by  the  a£Hon  of  light,  and  has 
acquiefeed  in  the  proportions  laid  down  by 
Mr.  Chenevix  according  to  the  following  metliod 
of  analyfis.  Having  flightly  fuperfaturated  a 
folution  of  potafh  by  palfing  oxymuriatic  acij 
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»as  into  it,  he  evaporated  the  liquor  to  drynefs 
and  then  rediflblved  loo  parts  of  the  fait  in 
water;  then  by  the  tcft  of  nitrat  of  filver  he 
afcertained  the  prefence  of  84  parts  of  muriated 
potafli,  (confining  of  27.88  muriatic  acid  and 
56,12  potafh)  and  16  parts  of  hyper-oxymuriat 
of  potafit  (confining  of  9 parts  oxygen,  3.2 
nuiriatic  acid,  and  3.8  potafh).  Hence  (27.88 
~l-3.2)^:r3i.2  muriatic  acid -{-9  oxygen:=40.2 
oxymuriatic  acid:  therefore  this  acid  is  compo- 
fcd  of  84  muriatic  acid 

16  Oxygen 
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Althougli  there  feems  little  reafon  to  doubt 
the  exiner.ce  of  the  clafs  of  proper  oxymuriats, 
yet  they  have  not  as  yet  been  the  fubjedl  of 
chemical  invenigation. 

HYPER  OXYMURIATIC  ACID. 

This  acid  exins  in  the  alkaline,  earthy  and 
metallic  hyper-oxymuriats,  but  cannot  be  dif- 
engaged  except  in  a Hate  of  greater  or  lefs 
decompofition  by  any  means  that  have  hitherto 
been  attempted.  On  account  of  the  large  pro- 
portion of  oxygen  which  it  contains,  the  effedls 
produced  by  it  on  combunible  fubnances  are 
much  more  rapid  and  violoit  than  thofe  occa- 
fioned  by  oxymuriatic  acid.  It  is.  compofed 
according  to  Mr.  Chenevix,  whofe  experiments 
on  this  fubjedt  will  be  mentioned  in  the  next 
article,  of 
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The  order  of  its  affinities  as  afcertained  by 
Mr.  Chenevix  is,  potafh,  foda,  barytes,  ftron- 
tian,  lime,  ammonia,  magnefia,  alumine. 

Hyperoxymuriat  of  Potash.  Common 
oxymuriat  of  potafh. 

This  fait  is  beft  prepared  by  charging  one  or 
two  Woulfe  bottles  with  a moderately  ftrong 
folution  of  femi  cauflic  potafli  (purified  pearlafh) 
and  then  throwing  in  oxymuriatic  acid  gas 
from  a mixture  of  common  fait,  black  oxyd  of 
mangancfe  and  fulphuric  acid : when  the  alkali 
is  nearly  faturated,  an  effervefcence  for  the 
mofl  part  of  carbonic  acid,  makes  its  appear- 
ance, and  thin  faline  fcales  begin  to  be  precipi- 
tated: after  the  effervefcence  has  ceafed,  the 
contents  of  the  bottles  may  be  poured  into  a 
wide  mouthed  flafk  and  fet  for  a few  hours  in 
a dark  cold  place;  a confiderable  quantity  of 


cryftalline  plates  will  be  thus  depofited,  which 
are  hyperoxymuriat  of  potafh.  Thefe  being 
taken  out  of  the  liquor  and  drained  are  to  be 
rediflblved  in  hot  water,  which  by  cooling  will 
depofit  the  greater  part  of  the  fait,  and  generally 
a little  earthy  matter,  which  is  oxyd  of  manga- 
nefe;  and  this  is  finally  to  be  got  rid  of  by 
re-folution  and  cryftallization. 

The  fait  thus  obtained  is  in  the  form  of  thin 
glittering  fcales,  of  a pure  filvery  white  colour 
not  unlike  boracic  acid,  but  if  the  mother 
water  of  the  laft  cryflallization  is  expofed  to 
fpontaneous  evaporation,  its  fait  will  be  depo- 
fited in  fliort  obtufe  rhomboidal  prifms. 

It  is  inodorous.  To  the  tafle  it  is  cooling 
and  fomewhat  pungent  and  auflere:  it  has  been 
compared  in  this  re.^ped.1  to  nitre,  from  which 
however  it  is  very  fenfibly  different.  Its  fp.  gr, 
is  1.98.  It  crackles  and  emits  fparks  of  liglit 
when  rubbed  brifkly  in  a mortar.  It  is  foluble 
in  1 6 or  17  parts  of  water  at  60°,  and  in  two 
and  a half  parts  of  boiling  water;  alcohol  is 
alfo  capable  of  taking  up  a fmall  portion. 
Neither  the  dry  fait  nor  its  aqueous  folutio« 
are  in  the  leafl  affedled  by  expofure  to  the 
light.  When  expofed  to  the  air  it  becomes 
fomewhat  damp  in  moift  weather,  and  at  length 
acquires  a flightly  yellow  tinge. 

When  heated  by  a lamp  this  fait  decrepitates 
gently,  and  then  melts  and  lofes  about  two  per 
cent,  being  chiefly  water  of  cryftallization ; if 
heated  to  rednefs  it  is  rapidly  decompofed,  a tor- 
rent of  pure  oxygen  gas  being  given  out,  and  the 
fait  is  converted  into  muriat  of  potafh:  from 
100  parts  thus  treated,  and  further  decompofed 
by  nitrat  of  filver,  Mr.  Chenevix  obtained 
20  Muriatic  acid 
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The  a£lion  of  fulphuric  acid  upon  hyper- 
oxymuriat  of  potafh  is  very  remarkable:  if  fome 
of  the  concentrated  acid  be  poured  upon  this 
fait  a violent  decrepitation,  fometimes  accompa- 
nied by  a flafh,  takes  place,  and  a thick  heavy 
vapour  of  a greenifh  yellow  colour  is  difengaged. 
The  fmell  of  this  vapour  refembles  that  of  a 
mixture  of  nitrous  gas  with  that  emitted  from 
burning  brick-kilns,  hence  it  is  very  different 
from  the  odour  of  oxymuriatic  acid,  neither  is 
it  by  any  means  fo  fuffbeating  and  oppreffive  to 
the  lungs.  Beneath  this  vapour  is  a bright 
orange  coloured  liquor  which  has  the  fame 
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odour  as  the  vapour.  This  liquor  is  a mixture  of 
fulphuric  acid,  potalh,  and  hyperoxymuriatic 
acid,  not  indeed  fo  pure  as  when  combined  with 
the  potafh  but  mingled  more  or  lefs  with  muri- 
atic and  oxymuriatic  acids.  If  this  mixture  of 
hyper  oxymuriat  of  potalh  and  fulphuric  acid 
be  heated  over  a lamp  or  in  any  other  way,  by 
the  time  that  it  has  acquired  the  temperature 
of  125®  or  thereabouts,  an  exceedingly  loud 
explofion  accompanied  by  a white  and  vivid 
flalh  takes  place,  breaking  the  veflel  in  which 
the  mixture  is  contained,  and  difperfing  its 
fragments  with  great  violence  in  every  di- 
reftion.  If  the  fulphuric  acid  inftead  of  being 
concentrated  is  diluted  with  twice  or  thrice  its 
weight  of  water,  and  the  beak  of  the  retort 
containing  the  materials  is  dipped  in  a bafon 
of  water  with  an  inverted  jar  of  the  fame  placed 
over  it,  there  will  happen  a rapid  difengage- 
ment  of  a yellowifh  gas  without  rifle  of  explo- 
fion on  the  application  of  a lighted  lamp.  This 
gas  when  it  enters  the  water  of  the  jar  will  be 
in  part  abforbed,  forming  a weak  llquid~oxy- 
muriatic  acid  mixed  with  common  muriatic 
acid,  and  the  unabforbed  portion  will  be  found 
to  be  oxygen  gas.  Hence  it  is  evident  that 
hyperoxymuriatic  acid  cannot  be  feparated  from 
its  combination  with  potalh  by  either  ftrong 
or  weak  fulphuric  acid,  without  at  the  fame 
time  undergoing  decompofitlon. 

Nitric  acid  produces  nearly  the  fame  pheno- 
mena with  this  fait,  but  in  a lefs  marked  and 
diftinft  manner. 

Muriatic  acid  decompofes  this  fait,  but 
neither  the  yellow  vapour  nor  the  orange-co- 
Joufed  liquor  are  produced : by  the  application 
of  a gentle  heat  an  acid  gas  is  liberated  which, 
although  not  hyperoxymuriatic  acid,  is  confide- 
rably  more  oxygenated  than  oxymuriatic  acid : 
the  compofition  of  this  gas  is  however  by  no 
means  uniform,  depending  very  materially  on 
the  quantity  of  muriatic  acid  employed  beyond 
what  is  abfolutely  neceflary  to  the  faturation  of 
the  alkali.  The  oxymuriatic  gas  made  ufe  of 
by  Mr.  Cruicklhank,  in  his  analyfis  of  the 
hydrocarbonats,  was  thus  procured,  and  con- 
fided of  56.5  muriatic  acid,  and  43.5  oxygen. 

Oxalic,  tartareous,  and  citric  acids,  are  alfo 
capable  of  decompofing  this  fait,  but  the  acid 
gas  that  is  liberated  is  lefs  oxygenated  than  when 
any  of  the  three  mineral  acids  is  made  ufe  of. 
Phofphoric  and  arfenic  acids  exert  no  aftion  on 
this  fait  except  by  the  afliftance  of  heat,  in 
which  cafe  much  oxygen  gas  is  evolved,  and 
confcqucntly  the  acid  is  lefs  oxygenated. 


The  acid  difengaged  from  hyperoxymurlat 
of  potafh  by  fulphuric  or  nitric  acids,  affedls 
combuftible  fubltances  in  the  fame  manner 
as  common  oxymuriatic  acid  gas  does,  only 
with  more  violence  and  rapidity,  on  account  of 
its  containing  a much  larger  proportion  of 
oxygen.  Thus  if  a grain  of  phoiphorus  at  the 
end  of  a piece  of  wire  be  let  down  into  this  acid 
vapour,  it  immediately  burfts  into  flame,  with 
decrepitation,  and  a kind  of  explofion  : fo  in 
like  manner  if  a few  grains  of  the  hyjaeroxy- 
muriat  of  potafh  be  put  into  a wine-glafs,  and 
twice  the  weight  of  ftrong  fulphuric  acid  be 
added,  and  after  that  a little  alcohol,  ether,  or 
oil  of  turpentine  be  poured  in,  an  immediate 
and  rapid  inflammation  will  take  place ; the 
fame  effeft  happens  with  many  of  the  readily 
combuftible  folids,  particularly  camphor,  rofin, 
tallow,  pitch,  and  caoutchouc. 

So  powerful  is  the  a<3:ion  of  this  highly- 
oxygenized  acid,  that  it  is  not  deftroyed  even 
by  the  prefence  of  water,  though  it  is  in  fome 
degree  impeded  and  modified.  Hence  arifes 
a confiderable  variety  of  interefting  and  very 
beautiful  experiments,  from  which  we  ftiali 
feleft  the  two  following  : s i.  Take  a long  ale- 
glafs,  put  into  it  a few  grains  of  hyperoxymuriat, 
and  then  pour  in  water  to  the  depth  of  from  twp 
to  three  inches ; upon  the  furface  of  this  fluid 
drop  in  a little  exprefled  vegetable  oil,  and  then 
by  means  of  a long  flender  funnel,  with  its  ftem 
refting  at  the  bottom  of  the  glafs,  pour  in  four 
or  five  times  as  much  ftrong  fulphuric  acid  as 
had  been  previoufly  added  of  fait,  and  immedi- 
ately after  withdraw  the  funnel  : the  acid  and 
fait  will  prefently  rea£l  on  each  other,  highly 
oxygenized  muriatic  acid  gas  will  be  liberated, 
which,  pafling  through  the  water,  enters  the 
oil,  and  immediately  converts  it  to  a black  frothy 
fluid,  a multitude  of  ignited  fparks  being  difen- 
gaged at  the  fame  time.  2.  Take  about  ten 
grains  of  phofphorus  and  cut  it,  under  water, 
into  very  fmall  pieces,  then  put  20  grains  of 
hyperoxymuriat  into  a glafs  jar  nine  or  ten 
inches  long,  and  pour  in  water  fulficient  to  half 
fill  it ; drop  in  the  phofphorus,  and  then  add 
40  or  50  grains  of  ftrong  fulphuric  acid,  by 
means  of  a long  funnel,  as  deferibed  above. 
As  foon  as  the  hyperoxymuriat  begins  to  be 
decompofed,  the  phofphorus  takes  fire,  and 
burns  vividly  at  the  bottom  of  the  veflel : on 
agitating  the  mixture,  ftreams  of  fire  pafs 
rapidly  to  the  furface.  This  experiment  requires 
fome  precaution,  for  the  phofphorus  is  occafio- 
nally  thrown  out  of  the  veflel  in  a ftate  cf 
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ignition,  more  efpeclally  when  a common  wlne- 
glal's  Is  ul'ecl  Inftead  of  a jar. 

So  eafily  is  this  hyperoxymuriat  clecompofed, 
that  when  fimply  rubbed  in  a mortar  with  various 
combuftible  bodies,  it  detonates  with  them  more 
or  lefs  forcibly : this  we  believe  was  firft  afcer- 
tained  by  Mr.  Hoyle,**  and  nearly  about  the 
fame  time  by  Vauquelln  and  Fourcroy.  We 
iTiall  felecf  fome  of  the  moil  flriking  inftances. 
Half  a grain  of  phofphorus  and  an  equal  quantity 
of  the  fait,  explode  almofl  immediately,  with  a 
violent  report  and  a bright  flalh.  Two  grains 
of  the  fait  and  i of  very  finely  pulverized  and 
dry  charcoal,  produce  by  a fmart  flroke  a 
ftrong  flame,  without  much  report.  Half  a 
grain  of  dry  pit-coal  and  I grain  of  fait,  pro- 
duce fparks  and  confiderable  reports.  One 
grain  of  the  fait  and  three-fourths  of  a grain  of 
fulphur,  produce  one  very  loud  explofion ; 
when  the  fulphur  is  reduced  to  a quarter  of  a 
grain,  there  are  produced  by  a long  fmart 
flroke  with  the  peflle,  feveral  fmall  fucceflive 
explofions.  One  grain  of  the  fait  and  an  equal 
weight  of  alkaline  fulphuret,  produce  a very 
loud  explofion  with  flame ; it  is  remarkable 
diowever  that  this  mixture,  when  melted  over 
the  fire,  merely  emits  a flafli  without  any  report, 
in  which  it  differs  materially  from  the  fulmin- 
ating powder  made  with  nitre  and  fulphuret. 
One  grain  of  white  fugar  and  2 of  the  fait, 
produce  a number  of  fucceffive  reports,  like  the 
loud  crack  of  a whip.  A fimilar  effe£l  is 
occafioned  by  rubbing  a few  grains  of  the  fait 
w ith  as  many  drops  of  fpermaceti  oil,  olive  oil, 
and  various  eflential  oils,  particularly  oil  of 
turpentine,  alfo  with  camphor,  rofin,  or  indigo. 
If  fulphuric  acid  is  poured  on  any  of  the  fore- 
going mixtures  previous  to  detonation,  a copious 
flame,  but  without  much  noife,  is  emitted.  The 
loudnefs  of  the  explofion  in  the  above  cafes  is 
materially  influenced  by  the  degree  of  fridlion, 
hence  if  the  ingredients,  after  being  thoroughly 
mixed  by  flight  fridlion  in  the  mortar  not  fuffi- 
cient  to  produce  decompofition  (which  may  be 
effefted  in  all  cafes  except  when  phofphorus  is 
employed)  are  then  wrapped  in  a piece  of  tin- 
foil,  and  llruck  on  an  anvil  with  a cold  and 
heavy  hammer,  the  violence  of  the  explofion 
will  be  remarkably  increafed,  and  feveral  fub- 
ftances  may  be  thus  inflamed,  which  remain 
unaltered  when  Ample  frl£lion  is  had  recourfe 
to  *,  fuch  are  cotton  wool,  certain  of  the  metallic 
fulphurets,  and  almofl;  all  the  metals. 

Hyperoxymuriat  of  potafh  is  chiefly  ufed  in 
the  laboratory,  where  it  is  employed  in  the  pre- 
*“  Manchtfter  Phil.  Trans.  Y.  p.  *33.  * 


paration  of  the  purefl:  oxygen  gas.  A fevr 
grains  of  it  ftirred  into  an  ounce  of  common 
muriatic  acid,  form  a ufeful  extemporaneous 
bleaching  liquor,  for  various  purpofes.  It  has 
been  attempted  in  France  to  compofe  a gun- 
powder of  this  fait,  inftead  of  nitre,  but  with- 
out fuccefs  ; the  mixture  exploded  while  it  was 
grinding,  and  killed  two  perfons  wlio  were 
ftanding  near. 

Hyperoxymuriat  of  Soda.* 

This  fait  is  prepared  in  the  fame  manner  as 
the  former,  by  fubftituting  foda  for  potafti,  and 
with  the  fame  phenomena.  It  is  very  difficult 
to  obtain  it  pure  on  account  of  its  folubility  in 
water  being  little  different  from  that  of  muriat 
of  foda.  It  is  foluble  in  three  parts  of  cold, 
and  fomewhat  lefs  of  boiling  water,  and  is 
flightly  deliquefcent.  It  is  alfo  foluble  in  alco- 
hol, and  appears  to  render  muriat  of  foda  alfo 
foluble  in  the  fame  menftruum.  By  repeated 
folutions  and  cryftallizations  in  alcohol  it  may 
however  be  obtained  (though  with  great  diffi- 
culty) in  a ftate  of  purity.  It  cryftallizes  in 
cubes,  and  produces  a fenfation  of  cold  in  the 
mouth.  It  is  decompofable  wdth  decompofition 
of  the  acid  by  the  fame  fubftances  and  in  the 
fame  manner  as  the  former  fpecles.  Its  bafe 
is  abftra£led  only  by  potalh.  It  is  compofed 
of  66.2  Hyperoxy muriatic  acid 

29.6  Soda 
4.2  Water 


100.0 


It  Is  made  no  ufe  of. 

Hyperoxymuriat  of  Barytes.  * 

The  earthy  hyperoxymuriats  are  not  fo  eafily 
prepared  as  the  alkaline  ores,  on  account  of  the 
inferior  affinity  fubfifting  between  their  ingredi- 
ents, and  the  inferior  folubility  of  the  bafes.  To 
prepare  the  prefent  fait  the  Woulfe  bottles 
fliould  be  charged  with  pure  barytes,  diffufed 
in  warm  water,  and  a current  of  oxymuriatic 
acid  gas  fhould  be  palled  through  the  liquor  till 
compleat  faturation.  This  fait  is  foluble  in  four 
parts  of  cold  and  a quantity  of  warm  water.  It 
cryftallizes  like  the  muriat  of  barytes  and  can 
only  be  obtained  pure  by  boiling  the  entire  liquor 
with  phofphat  of  filver  diflblved  in  diftilled 
vinegar  ; the  muriat  of  barytes  and  phofphat  of 
filver  mutually  decompofe  each  other,  and  form 
two  infoluble  falls,  while  the  hyperoxymuriat 
is  not  affefled.  This  fait  has  the  fame  proper- 
ties as  the  preceding,  and  is  compofed  o£ 
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47.  Hyperoxymuriatic  acid 

42.2  Barytes 
10.8  Witet 

100.0 

It  is  not  ufed. 

Hyperoxymwriat  of  Strontian.  * 

This  fait  is  prepared  in  the  fame  manner  as 
the  foregoing,  and  is  feparated,  like  that,  from 
the  Ample  muriat  by  phofphat  of  Giver.  It 
cryftallizes  in  needles,  is  deliquefcent,  and 
is  more  folubje  in  alcohol  than  the  muriat  of 
ftrontian.  It  melts  in  the  mouth  immediately, 
and  produces  cold.  It  is  compofed  of 
46.  Hyperoxymuriatic  acid 
26.  Strontian 
28.  Water 

100 

It  is  not  ufedv 

Hyperoxymuriat  of  Lime. 

This  fait  is  obtained  pure  in  the  manner 
already  defcribed.  It  is  extremely  deliquefcent, 
and  melts  at  a very  gentle  heat  in  its  water  of 
cryftallizatiom  It  is  very  foluble  in  alcohol, 
has  a fliarp  bitter  tafte,  and  produces  much  cold 
in  tlie  mouth.  It  Confills  of 

55.2  Hyperoxymuriatic  acid- 

28. 3 Lime 
16.5  Water 
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Although  the  pure  fait  is  not  made  ufe  of, 
yet  the  entire  liquor  formed  by  faturating  a very- 
thick  milk  of  lime  with  oxymuriatic  acid  gas, 
is  extenGvely  employed  as  a bleaching  material 
by  the  callico  printers.  It  is  faid  to  bleach 
effeftually  the  unprinted  ground,  without 
touching  the  coloured  pattern,  and  this  no 
doubt' is  apparently  the  cafe,  but  the  remarkable 
fugitivenefs  of  the  colours  of  modern  printed 
callicoes  is  in  all  probability  to  be  mainly  attri- 
buted to  the  fubftitutron  of  this  more  fpeedy 
method  of  colouring,  to  the  old  and  more 
tedious,  but  fafer  mode. 

Hyteroxtmuriat  of  Magnesia. 

The  manner  of  preparation,  and  the  chemical* 
and  phyfical  properties  of  this  fait,  are  nearly 
the  fame  with  thofe  of  the  preceding.  It  is 
compofed  of  60  Hyperoxymuriatic  acid 
25.7  Magnefia 
14.3  Water 

100.0 

Hyperoxymuriat  of  Alumine. 

Pure  and  recently  precipitated  alumine,  when 
treated  in  a Woulfe’s  apparatus,  in  the  manner 
already  mentioned,  is  dilTolvedj  and  upon  pour- 
ing fulphuric  acid  into  the  liquor,  a Itrong 
odour  of  hyperoxymuriatic  acid  is  perceptible. 
This  fait  however  cannot  be  obtained  in  a 
feparate  ftate. 

It  is  made  no  ufe  of. 
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PALLADIUM.  See  Platina.  ' 

PARTING 

Is  a term  ufed  by  aflayers,  to  exprefs  the 
leparation  of  gold  from  Giver.  For  an  account 
of  this  procefs,  fee  Assay,  and  Gold,  Purifi- 
cation of. 

PASTEL.  See  Woad. 

PEARL.  See  Shell. 

PE ARLASH.  See  Carbonat  of  Potash. 

PEARLSPAR.  See  Braunspath. 

PEAT. 

Peat,  or  turf  as  It  is  called  by  fome,  is  a 
congeries  of  vegetable  matter,  in  which  the 
remains  of  organization  are  more  or  lefs  vifible, 
eonfifting  of  trunks  of  trees,  chiefly  oak,  fir, 
birch,  alder,  hazle,  and  willow ; of  leaves  and 
fruits,  particularly  hazle  nuts;  and  of  long 
ftringy  fibres,  which  appear  to  be  for  the  moft 
part  the  remains  of  the  fphagnum  paluflre,  and 


other  aquatic  mofles.  Ft  occurs  for  the  moft 
part  in  extenGve  beds  called  peat  moGTes,  either 
occupying  the  furface  of  the  foil,  or  covered  to 
the  depth  of  a few  feet  with  fand,  gravel,  and 
other  alluvial  matters.  It  is  met  with  abun- 
dantly in  the  Northern  and  in  fome  of  the 
central  diftri£l:s  of  Europe,  in  all  moift  unculti- 
vated mountainous  trafts,  as  high  as  vegetation 
extends ; it  is  alfo  frequent  in  low  vallies  and 
fenny  plains  ; and  in  feveral  parts  of  the  Wef- 
tern  Ihore  of  Great-Britain  runs  Into  the  fea, 
to  an  unknown  extent,  as  in  the  harbour  of 
Oban  in  Argylefhire ; in  Lancafliire,  a little  to 
the  North  of  Liverpool;  and  near  Towyn  in 
Merionethftilre.  The  depth  of  peat  mofles  is 
very  various,  from  a few  feet  to  twelve  or 
fifteen  yards,  or  even  more.  The  conGftence 
of  peat  is  equally  various,  being  fometimes  in 
a femifluid  ftate,  forming  a black  impafiablc- 
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wildernefs,  ftudded  here  and  there  by  tufts  of 
ruflies : when  more  folid,  it  is  fcantily  covered 
over  with  heath  and  coarfe  grafles,  and  is  then 
paffable  by  (beep  and  other  larger  animals, 
efpecially  during  the  dry  feafon  of  the  year. 
In  all  deep  peat  mofles,  it  is  found  that  the 
upper  part  of  the  peat  is  loofer,  of  a lighter 
colour,  and  lefs  inflammable  than  that  which 
forms  the  lower  part  of  the  bed.  When  of  a 
good  quality  it  is  moderately  compadt,  and 
may  readily  be  cut  into  folid  mafl'es,  like  bricks, 
with  a Iharp  thin  fpade  : if  it  manifefts  any 
confiderable  degree  of  elafhicity  and  refiflance 
to  the  fpade,  its  quality  is  always  found  to  be 
very  inferior.  By  expofure  to  the  air  it  dries 
flowly,  being  very  retentive  of  moifture,  ac- 
quires a brownifli-black  colour,  becomes  mode- 
rately hard,  and  in  this  ftate  is  very  inflam- 
mable. By  the  further  adfion  of  the  weather 
it  by  degrees  falls  to  pieces  and  is  decompofed, 
though  very  flowly.  When  kindled  in  an  open 
grate  the  beft  kind  burns  with  a yellowiflt-blue 
flame  almoft  like  charcoal,  and  a lefs  quantity 
of  fmoke  than  wood  affords ; it  gives  out  a 
great  quantity  of  heat,  and  is  reduced  to  light 
allies  of  a white  or  reddifh  yellow  colour.  Some 
varieties  of  peat  are  confiderably  changed  with 
dron  pyrites,  on  w'hich  account  they  efflorefee 
and  vitriolize  when  expofed  to  the  air,  and  in 
burning  give  out  a ftrong  fulphureous  odour, 
much  fmoke,  and  little  heat,  and  afford  a heavy 
reddifh-brown  afh.  Sulphats  of  foda  and  mag- 
nefia  are  alfo  occafionally  found  in  peat,  and 
produce  a fimilar  bad  effedf  on  it,  confidered  as 
a combuftible,  as  pyrites  does. 

By  digeflion  in  boiling  water,  peat  affords  a 
deep  brown  folution,  flightly  bitter  to  the  tafte, 
and  containing  an  uncombined  vegetable  acid 
confiderably  refembling  the  fuberic,  with  a 
portion  of  extradb,  and  a little  fulphat. 

By  dry  diflillation  there  comes  over  a watery 
ammoniacal  liquor,  an  empyreumatic  oil,  and 
-carburetted  hydrogen,  a confiderable  quantity 
of  charcoal  remaining  in  the  retort. 

Many  ingenious  attempts  have  been  made, 
efpecially  in  France  and  Germany,  to  fubftitute 
with  economy  the  charcoal  of  peat  for  that  of 
wood,  for  culinary  and  metallurgical  purpofes, 
and  it  feems  to  be  fatisfadforily  proved  that  a 
given  bulk  of  the  former  burns  fomewhat  longer, 
and  affords  a more  confiderable  heat,  than  of 
the  latter  j but  that  it  is  incapable  of  with- 
ftanding  the  adfion  of  a forge  bellows,  and  is 
apt  to  deteriorate  the  quality  of  iron  that  is 
fmelted  with  it.  Another  objedfion  however 
occurs  to  the  employment  of  peat  charcoal  on 


the  fcore  of  its  being  lefs  economical,  except  In 
very  particular  circumftances,  than  wood  char- 
coal. It  cannot  be  prepared  in  the  manner  of 
common  charcoal,  on  account  of  its  loofe  tex- 
ture, without  a prodigious  lofs  of  fubftance  and 
deterioration  of  quality  ; the  manufad-Iurer  mull 
therefore  have  recourfe  to  diflillation  in  iron 
cylinders  or  other  veffels,  but  to  effedl  this, 
fo  large  a quantity  of  peat  mull  be  confumed 
as  fuel,  that  the  value  of  the  charcoal,  the  oil, 
and  ammonia,  will  hardly  cover  the  expence. 
Hence  it  is  that  all  the  eftablifhments  in  France 
for  this  purpofe,  though  of  confiderable  magni- 
tude, and  carried  on  with  vigour  and  intelligence, 
have  been  entirely  abandoned. 

In  this  country  peat  is  the  common  fuel  of  a 
large  part  of  Wales  and  Scotland,  and  of  many 
diftridts  in  England,  where  coal  is  not  readily 
to  be  procured.  It  is  employed  not  merely 
for  domeftic  purpofes,  but  for  burning  lime 
and  bricks ; and  its  alhes,  though  deflitute  of 
alkali,  are  in  high  eftimation  as  a manure,  being 
applied  for  the  moft  part  in  the  form  of  a top- 
dreffmg. 

PECHBLENDE.  See  Uranium. 

PECHSTEIN.  See  Pitchstone. 

PELICAN,  an  article  of  chemical  apparatus. 
See  Appendix. 

PERIDOT.  See  Chrtsoljte. 

PERIDOT  grattuliforme  (of  Hauy).  See 
Olivin. 

PERLSTEIN.  Wern.  Pearlftone.  JamefoH. 

Its  colours  are  pearl  and  fraoke-grey,  yellow- 
ilh-grey,  flelh-red,  and  reddifli-brown,  alfo 
greyifh-black.  It  occurs  in  round  and  longilh 
veficles.  Its  luftre  Is  fhining  and  pearly.  Its 
fradlure  is  fmall,  and  Imperfedlly  concholdal. 
It  is  compofed  of  thin  concentric  lamellar  con- 
cretions. It  is  tranflucent  on  the  edges,  eafily 
frangible  and  foft.  It  is  compofed  according 
to  Klaproth,  of 

75.25  Silex 
12.  Alumlne 
1.6  Oxyd  of  Iron 

4.5  Potalh 

2.5  Lime 

2.5  Water 


98-35 

It  occurs  in  porphyry,  and  often  contains 
balls  of  obfidian.  It  is  found  near  Tokay  in 
Hungary. 

PETROLEUM.  See  Bitumen. 
PETROSILEX.  See  Hornstone. 
PEWTER.  An  alloy  of  Tin,  which  fee. 
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PHARMACOLITE.  * Chaux  arfeniatee. 
tiauy. 

The  colour  of  this  mineral  is  fnow-white  ; it 
occurs  in  fmall  cryftals  occafionally  prifmatic, 
but  more  commonly  acicular ; fometimes  the 
cryftals  are  aggregated  into  bundles,  and  fome- 
times into  maruilated  mafles.  Internally  it  is 
gliftening,  with  a filky  luftre.  Its  fracture  is 
radiated  or  divergingly  fibrous  •,  it  alfo  prefents 
large  and  fmall  granular  diftindl  concretions. 
The"  cryftallized  varieties  are  tranllucent.  It  is 
very  tender,  and  eafily  frangible. 

It  is  foluble  in  nitric  acid  without  effervef- 
cence.  By  the  a£l:ion  of  the  blow-pipe  it  difen- 
gages  an  arfenical  odour,  and  leaves  an  invola- 
tilizable  refidue.  By  the  experiments  of  M. 
Selb,  it  was  firft  afcertained  to  be  a compound 
of  lime  and  arfenic  acid,  with  a little  cobalt ; 
a refult  which  has  been  fully  confirmed  by  a 
compleat  analyfis  of  it  by  Klaproth.*’ 

One  hundred  grains  of  this  mineral,  according 
to  the  celebrated  chemift  laft  mentioned,  lofe 
by  being  moderately  heated,  and  without  the 
difengagement  of  any  arfenical  or  other  odour, 
or  vifible  vapour,  22.5  grains,  which  are  water 
of  cryftallization.  The  refidue  by  digeftion  in 
nitric  acid  is  diflTolved,  except  6 grains,  which 
are  a mixture  of  filex  and  alumine.  The  nitrous 
folution  affords  with  acetite  of  lead,  a copious 
precipitate  of  arfeniat  of  lead,  which,  when 
waflied  and  dried,  weighed  138  grains,  and 
indicated  46.5  of  arfenic  acid.  The  remaining 
fluid,  with  the  wafhings,  was  moderately  evapo- 
rated, and  treated  with  a litt  e muriatic  acid, 
to  feparate  the  fmall  portion  of  acetited  lead 
which  it  contained,  and  was  then  mixed  with 
fulphuric  acid : this  produced  a large  depofit 
of  fulphat  of  lime,  which  after  being  walhed 
with  dilute  fpirit  of  wine,  and  heated  to  rednefs, 
weighed  54  grains,  and  therefore  contained  23 
grains  of  lime.  The  refidual  liquor  being  neu- 
tralized by  carbonated  foda,  and  evaporated  to 
drynefs,  was  rediiTolved  in  water,  and  left 
behind  0.5  grs.  of  a blue  powder,  which  tinged 
borax  of  a deep  blue  co.our,  and  was  oxyd  of 
cobalt.  Hence  1 00  parts  of  pharmacolite  con- 
tain 46.5  Arfenic  acid 

23.  Lime 
0.5  Oxyd  of-cobalt 

6.  Silex  with  alumine 

22.5  Water 

Of  thefe  the  firft  three  Ingredients  appear  to 
be  the  only  ones  neceffary  to  the  conftitution 
of  this  mineral. 

• Brochant  II.  p.  523.  » Klap.  Analyt. 


It  has  been  found  near  Wittchen,  in  Swabia, 
in  a vein  of  granite,  accompanied  by  heavy  fpar 
and  gypfum.  It  has  alfo  been  n et  with  at 
St.  Marieaux-mines  in  Fi-ancc. 

PHLEGM.  This  term  has  long  been  ufetl 
to  fignify  the  mere  watery  part  which  rifes 
in  many  compound  diftillations.  Thus  the  firft 
produtl  from  oil  of  vitriol  when  heated,  is  an 
acidulous  Phlegm. 

PHLOGISTON.  All  that  we  think  it  necef- 
fary to  fay  on  this  merely  theoretical  fubjedl, 
will  be  found  under  the  article  Ox\ge7i. 
PHLOGISTIC ATED  AIR.  See  Azot. 
PHLOGISTICATED  ALKALI.  SeePRUs- 

SIAT  of  Potnjh. 

PHOSPHORUS.  (Kutickel's) 

Phofphorus  is  a Ample  fubftance,  much  re- 
fembiing  wax  in  conliftence,  when  pure  nearly 
of  the  traufparency  of  gum  copal,  of  a colour 
varying  from  amber  red  to  the  fainteft  ftraw, 
highly  combuftible,  and  when  oxygenated  pro- 
ducing a llrong  and  peculiar  acid. 

It  was  difeovered  by  a German  chemift  of 
the  name  of  Brandt  about  150  years  ago,  and 
the  preparation  was  long  kept  a lucrative  fecret 
in  the  hands  of  a few  perfons,  but  as  it  was 
generally  known  to  be  prepared  from  human 
urine,  and  as  the  method  then  employed, 
though  tedious  and  difgufting,  was  extremely 
Ample,  it  was  deteded  by  feveral  chemifts, 
and  the  real  nature  of  phofphorus  has  been 
gradually  explained  by  a vaft  number  of  in- 
genious and  elaborate  refearches. 

The  earlieft  mode  of  preparing  phofphorus* 
was  the  following:  a large  quantity  (amounting 
to  feveral  ga lions  1 of  human  urine  was  collefted, 
and  after  remaining  for  a time  to  become  putrid 
it  was  evaporated  to  drynefs  in  any  fuitable 
veffel.  The  refidue  confifts  of  the  animal  cx- 
tra£Iive  matter  and  of  many  falts,  (for  -which 
fee  the  article  Urine)  among  which  are  two 
with  phofphoric  acid,  the  phofphats  of  foda  and 
of  ammonia.  This  refidue  was  then  mixed 
with  charcoal  in  powder,  and  heated  gradually 
to  low  rednefs  in  an  iron  pot,  by  which  the 
animal  matter  was  deftroyed,  till  the  mafs. 
began  to  fend  forth  blue  luminous  vapours. 
It  was  then  removed  into  a coated  earthen 
retort  with  a receiver,  and  heat  applied  gra- 
dually till  it  reached  the  utmoft  intenfity,  during 
which  the  phofphorus  dillilled  over  and  partly 
concreted  in  the  neck  of  the  retort,  and  partly 
fell  in  drops  into  tlie  receiver.  This,  which 
was  at  firft  black  and  foul  was  purified  by 
melting,  and  was  formed  into  fticks,  which 
were  long  fold  at  a very  high  price  as  a great 

EC.  II,  p.  220.  » Macquer,  Chem.  Diil. 
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pliilofophical  curiofity,  for  making  luminous 
writing  and  other  entertainment. 

In  this  procefs  the  quantity  of  phofphorus 
yielded  was  exceffivcly  fmall  compared  to  that 
of  the  urine  employed,  for  of  all  the  con- 
ftituents  of  urine  it  is  only  the  phofphat  of 
ammonia  that  is  concerned  in  the  produ£lion  of 
phofphorus,  the  heat  driving  off  the  ammonia, 
the  phofphoric  acid  is  left  without  a bafe,  and 
it  is  then  decompofed  by  the  charcoal  which 
abftradls  its  oxygen,  and  leaves  the  phofphorus 
uncombined  and  volatilizable  by  the  heat.  The 
plrofphat  of  foda  of  the  urine  is  not  altered. 

After  a while  Margraaf,  an  excellent  chemifl; 
of  Berlin'^  found  that  the  produdf  of  phofphorus 
was  much  augmented  by  adding  to  the  extradf 
of  urine  fome  of  the  plumbum  corneum,  or  fub- 
mnriat  of  lead,  left  after  diftiiiing  fal  ammoniac 
and  litharge,  the  reafon  of  which  is  found  to 
be  that  this  fait  decompofes  (in  part  at  leaft) 
the  phofphat  of  foda  of  the  urine,  which 
hitherto  had  been  ufelefs,  forming  a phofphat 
of  lead,  which  is  equally  decompofable  by 
charcoal  with  the  phofphat  of  ammonia. 

This  method  has  been  dill  further  improved 
of  late  years  by  Giobert  of  Turin,  whofe  procefs 
for  preparing  phofphorus  from  urine  we  may 
mention  here,  though  it  is  not  the  one  generally 
employed.  It  is  the  following:  into  a quantity 
of  urine  pour  a moderately  dilute  folution  of 
acetite  or  nitrat  of  lead,  which  will  Immediately 
produce  a copious  greyllh  white  precipitate  of 
phofphat  of  lead,  and  add  the  metallic  folution 
as  long  as  it  produces  any  confiderable  milki- 
nefs.  Run  the  whole  through  a linen  lllter, 
and  immediately  mix  the  phofphat  of  lead  that 
remains  with  a fourth  of  its  weight  of  finely 
powdered  charcoal,  (the  exaft  proportions  of 
each  being  of  no  great  confequence)  and  dry 
the  black  party  mafs  in  an  iron  pot  heated 
barely  red.  Then  transfer  it  to  an  earthen 
retort,  and  raife  the  heat  to  moderate  rednefs. 
Much  fetid  ammoniacal  oily  vapour  paffes  over 
at  firrt,  and  till  this  difappears  the  heat  is  not 
to  be  raifed  higher  than  to  a low  red.  Then 
change  the  empty  receiver  for  one  half  full  of 
water,  or  dip  the  elongated  beak  of  the  receiver 
about  an  inch  under  water,  and  encreafe  the 
heat  to  a full  glowing  red,  and  in  about  half  nn 
hour  the  phofphorus  diftills.  The  particular 
management  of  the  procefs  and  fubfequent 
refining  of  the  phofphorus  are  the  fame  as  are 
employed  in  the  more  common  procefs,  and 
will  be  prefently  deferibed.  When  all  is 
fiuiflied,  the  retort  will  contain  the  lead  re- 


duced, and  mixed  with  the  undecompofed 
charcoal,  but  as  fome  chemifts  affert,  it  is  in 
the  rtate  of  phofphuret  of  lead.  The  average 
quantity  of  phofphorus  yielded  is  found  to  be 
about  14  to  18  parts  from  100  of  thp  phofphat 
of  lead  well  walhed  and  dried,  but  this  is  not 
neceffary,  as  the  other  urinous  matters  that 
adhere  to  it  are  readily  difperfed  in  the  dirtilla- 
tion.  It  does  not  appear  to  require  fo  intenfe 
a heat  to  obtain  phofphorus  in  this  way  as  in 
that  which  will  be  next  deferibed.  The  falts 
of  zinc  added  to  urine  produce  alfo  a precipitate 
which  is  the  phofphat  of  zinc,  and  fome  phof- 
phorus may  be  procured  from  it  by  dirtillation, 
but  much  lefs  than  from  the  phofphat  of  lead  : 
as  the  zinc  rifes  in  diftillation  along  with  the 
phofphorus,  and  phofphuret  of  zinc  concrete* 
in  the  neck  of  the  retort. 

Whilrt  phofphorus  was  prepared  in  the  old 
way  by  evaporating  urine,  it  was  a very  difgurt- 
ing,  tedious,  and  fomewhat  difficult  procefs, 
but  it  was  foon  difeovered  (by  Gahn,  as  is 
commonly  faid,  but  as  appears  from  fome 
authority,  more  probably  by  Scheele)  that  the 
phofphoric  acid  was  contained  in  abundance  in 
the  white  earth  left  after  the  calcination  of 
Bones,  united  with  lime,  and  when  feparated 
by  chemical  means  phofphorus  could  be  pre- 
pared from  it  with  much  more  eafe  and 
certainty.  This  method  is  now  almort  uni- 
verfally  preferred,  as  it  requires  but  little  ap- 
paratus, and  is  in  no  way  offenfive  nor  difficult. 
The  earth  of  bones  confirts  of  phofphat  of  lime, 
(mixed  with  a little  carbonat)  and  as  the  ful- 
phuric  acid  has  a rtronger  affinity  for  lime  than 
the  phofphoric,  it  is  this  which  is  employed  for 
procuring  the  phofphoric.  This  procefs  of 
making  phofphorus  confirts  of  two  dirtincT 
operations,  viz.  the  feparation  of  the  phofphoric 
acid  from  the  bone-afh,  and  the  diftillation  of 
the  acid  and  charcoal  to  obtain  the  phofphorus : 
it  is  performed  in  the  following  manner,  w'th 
fome  flight  variations.  Take  any  quantity 
(fuppofe  4 Ibs.j  of  powdered  bone-afti,  or  cal- 
cined earth  of  bones,  fuch  as  cupels  are  made 
of,  put  it  into  an  earthen  pan  capable  of 
holding  4 gallons,  mix  it  at  firrt  with  about  4 
quarts  of  water,  and  then  add  gradually  with 
inceffant  ftirring,  2 lbs.  of  ftrong  fulphuric 
acid.  A very  great  heat  Is  excited  by  the 
mixture,  and  fome  effervefcence,  (which  laft 
arifes  from  the  carbonat  of  lime,}  and  it  fhould 
be  prevented  from  clotting  by  rapid  ftirring. 
Then  add  about  a gallon  of  water  and  allow  it 
to  remain  for  a day  with  occafional  ftirring. 


* Ah.  Chim.  Tom  lii. 
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The  mixture  thickens  extremely  by  ftanding,  fo 
that  if  this  quantity  of  water  is  not  fufficient, 
more  muft  be  added  to  bring  it  down  to  the 
confiftence  of  thick  foup.  Then  pour  the 
whole  mixture  on  a linen  bag,  by  which  the 
clear  liquor  will  run  through,  and  leave  the 
white  pulpy  mafs  on  the  filter,  which  muft  be 
ftrongly  prefled  and  then  waftied  with  a pint  or 
two  of  boiling  water  to  extraft  all  the  acid. 
Unite  all  the  liquors  together,  and  after  they 
have  ftood  a little  to  become  quite  clear  they 
are  fit  for  evaporation.  This  liquor  now  con- 
tains almoft  all  the  phofphoric  acid  of  the 
bone-afh,  chemically  united  with  a portion  of 
undecompofed  phofphat  of  lime,  and  alfo  holding 
fome  fulphat  of  lime  in  folution.  The  white 
mafs  in  the  filter  is  fulphat  of  lime,  w-hich  may 
be  thrown  away.  The  liquor  may  be  either 
boiled  down  immediately,  or  as  Dr.  Higgins 
recommends,  firft  faturated  with  ammonia  and 
then  evaporated.  The  former  is  the  commoneft 
method,  and  where  the  objedt  is  only  to  procure 
phofphorus  and  not  pure  phofphoric  acid,  it  is 
probably  preferable.  The  boiling  down  of  this 
large  quantity  of  acid  liquor  is  tedious.  It  may 
be  done  either  in  large  Wedgewood-ware  eva- 
porating pans  over  charcoal,  or  in  a copper 
pan,  as  this  acid  does  not  readily  adl  on 
copper.  Keep  up  a briflc  heat  and  continue 
the  boiling  almoft  to  drynefs,  during  which  the 
clear  liquor  as  it  becomes  concentrated  will  be 
muddy  from  the  feparation  of  felenite,  and  a 
greafy  looking  pafty  acid  mafs  will  depofit  on 
the  lides  of  the  veflel.  When  the  liquor  is 
boiled  down  nearly  to  drynefs,  carefully  add  to 
it  the  fcrapings  from  the  fides  of  the  veflel  and 
let  it  ftand  fome  hours  that  all  the  felenite  may 
be  precipitated.  Then  redilTolve  the  whole  in 
as  little  cold  water  as  will  take  up  all  the  acid, 
filter  it  off  from  the  felenite,  and  evaporate  it 
till  it  becomes  a pafty  puffy  mafs,  which  is  now 
intenfely  four  and  confifts  of  phofphoric  acid 
holding  fome  phofphat  of  lime.  Then  mix  it 
thoroughly  with  a fourth  of  its  weight  of  pow- 
dered charcoal,  and  dry  the  whole  in  any  veflel 
with  a heat  juft  below  rednefs.  It  is  then  fit  for 
the  fubfequent  procefs  of  diftillation. 

Dr.  Higgins  recommends  the  following  ma- 
nagement of  the  liquor  feparated  from  the  fele- 
nitic  mafs  by  filtration  : faturate  it  with  carbo- 

nat  of  ammoniaj  and  boil,  which  will  caufe  the 
feparation  of  all  the  remaining  earth ; then 
evaporate  the  clear  liquor  in  a leaden  boiler 
till  it  is  reduced  fo  far  that  crvftals  of  phof- 
phat of  ammonia  will  depofit  by  cooling. 


Pour  this  folution  while  hot,  into  a thin  glafs 
balloon,  cover  the  mouth  loofely  with  an 
inverted  pot,  and  heat  the  balloon  flowly  till 
the  bottom  is  obfcurely  red.  A copious  fub- 
limate  arifes,  confifting  of  fulphat  of  ammonia, 
with  moft  of  the  ammonia  by  which  the  phof- 
phoric acid  was  neutralized,  and  the  latter  acid 
(not  being  volatilizable  by  any  heat)  remains  in 
the  form  of  a colourlefs  tranfparent  glafs, 
■eafily  feparable  from  the  veflel  by  the  blow  of 
a hammer.  It  is  phofphoric  acid  in  great 
purity,  containing  probably  nothing  but  a little 
remaining  ammonia,  'ihis  is  then  powdered 
in  a mortar  and  thoroughly  mixed  with  about 
half  its  weight  of  charcoal,  and  is  then  fit 
for  diftillation. 

The  procefs  of  diftllling  phofphoric  acid  and 
charcoal  to  obtain  phofphorus  is  in  itfelf  very 
Ample,  but  fome  precautions  are  required  in 
the  management.  Phofphoric  acid  by  itfelf 
vitrifies  in  a red  heat  and  is  not  further  changed 
by  any  intenfity  of  fire,  but  when  in  contaff 
with  any  carbonaceous  matter  it  is  decompofed, 
yielding  its  oxygen  to  the  charcoal,  whilft  the 
phofphorus  flies  off  in  the  form  of  vapour, 
which  is  condenfed  when  it  arrives  at  a cooler 
place  and  concretes  into  a brown-red  waxy 
matter.  A very  ftrong  red  or  I'ed-white  heat 
is  required  for  this  purpofe,  (probably  about 
the  degree  fufficient  to  melt  copper)  fo  that 
the  retort  muft  be  of  earthen-ware  and  fitted  to 
a powerful  reverberatory  furnace,  or  furrounded 
with  burning  charcoal  in  confiderable  mafs  and 
heaped  up  for  fome  height  above  its  neck. 
As  at  this  temperature  the  common  crucible 
ware  becomes  very  porous,  much  of  the  vapour 
of  the  phofphorus  would  ooze  through  (even 
without  any  accidental  flaws  or  cracks)  fo  that 
the  retort  ffiould  previoufly  be  coated  with 
a vitrefcent  lute,  of  which  there  is  none  better 
than  flacked  lime  brought  to  a moderately  thin 
confiftence  by  a faturated  folution  of  borax  in 
water,  and  bruffied  over  the  outfide  of  the 
retort  and  flowly  dried.  This  when  heated 
forms  a thin  glazing  which  flops  up  moft  of 
the  pores  of  the  veflel.  In  the  diftillation  the 
contadl  of  the  external  air  muft  be  carefully 
excluded,  otherwife  the  phofphorus  as  foon  as 
formed  would  take  fire  and  confume  fpeedilv. 
This  is  prevented  Amply  by  elongating  the  neck 
of  the  retort  with  another  eartlien  or  metr.1 
tube  cemented  to  it  by  g///e  lute,  ( fee  the  article 
Cement)  and  dipping  the  end  of  the  fecond  tube 
about  an  Inch  in  a pan  of  w-ater.  Thus  all  the 
gafleous  produ£ls  pafs  through  the  water,  and 


• Higgin’s  Minutes,  p.  252, 
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the  Dhofphorus  partly  concretes  within  the  tube 
and  partly  falls  to  the  bottom  of  the  water. 

The  proportion  of  one  part  of  charcoal  to  two 
(by  weight)  of  the  concrete  acid,  is  much  more 
than  is  necefFary  to  dccompofe  the  acid,  but 
it  is  ufcful  to  have  an  excels  of  charcoal  to 
protedf  the  retort  from  being  corroded  by  the 
acid,  which  operates  as  a powerful  fmx  for  all 
earthy  mixtures. 

The  retort  being  filled  with  tlie  mixture  of 
charcoal  and  acid,  (which  may  be  done  nearly 
to  the  neck  in  cafe  the  acid  be  thoroughly  dried 
previoully  in  a low  red  heat)  put  it  into  th.e 
furnace  and  raife  the  lieat  very  gradually  to  a 
moderate  rednefs.  At  flrll  with  the  air  of  the 
vell'els  a quantity  of  mixed  gafles,  chiefly  car- 
bonic acid  and  hydrocarbonate,  pafs  over,  and 
when  thefe  have  nearly  ceafed,  increafe  the 
heat  to  a full  glowing  white-red  and  keep  it  up 
to  this  degree  during  the  remainder  of  the 
diftillation.  The  firll  indication  of  the  pro- 
duction of  phofphorus  is  that  the  gas  as  it 
palTes  out  of  the  water  becomes  white  and 
luminous  in  the  duflc,  wdrich  is  followed  by  a 
gas  (till  more  inflammable,  each  bubble  of 
which  takes  fire  in  the  air  and  burns  with  a 
brilliant  flame  and  flight  fnappmg  noife  as  foon 
as  it  riles  above  the  furface  of  the  water 
beneath  which  the  end  of  the  tube  is  dipped. 
After  this  the  phofphorus  rifes  in  fubftance, 
and  if  the  quantity  of  materials  in  the  retort  be 
large,  fome  of  it  falls  down  in  drops  into  the 
pan  of  water,  w'here  it  immediately  congeals, 
but  by  far  the  greater  part  concretes  in  that 
part  of  the  neck  of  the  retort  which  reaches  out 
of  the  furnace,  and  in  the  tube  by  wdiich  it  is 
elongated.  Sometimes  the  paflage  is  entirely 
blocked  up  by  the  congealed  phofphorus  wdiich 
might  endanger  the  burfting  of  the  retort,  to 
afeertain  w'hich  a flexible  wire  may  be  thrull  up 
now  and  then  (but  without  raifing  the  end  of 
the  tube  out  of  the  water)  and  if  tlie  pafFage  is 
not  free,  lay  a red  hot  iron  bar  on  the  outlide 
of  the  tube  where  the  paflage  of  the  wire  is 
obftruCted,  which  will  melt  dowm  the  phof- 
phorus. 

It  is  not  eafy  to  afeertain  wdien  all  the 
phofphoric  acid  is  decompofed,  and  all  the 
phofphorus  has  pafl'cd  over,  for  the  efflux  of 
gas  nearly  ceafes  before  the  diftillation  is  com- 
plcated,  fo  that  experience  muft  guide  the 
operator  when  to  ftop.  If  the  retort  continues 
found,  no  lofs  of  phofphorus  is  incurred  by 
continuing  the  fire  longer  than  necelfary,  fo 
that  it  is  better  to  excc^  than  to  fall  fliort  of 
the  requifite  time.  But  as  earthen  velTds  will 


fooner  or  later  vitrify  and  fink  down  In  a very 
ftrong  heat,  the  fire  fliould  be  kept  below  the 
degree  at  wdiich  earthen  fire-vefl’els  fotten,  and 
the  retort  fnould  be  now'  and  tlien  examined. 
Sometimes  the  retort  unfoitunately  cracks  in 
the  middle  of  the  diftillation,  w'hich  may  be 
difeovered  by  a bright  green  flame  and  a denfe 
white  fmoke  around  the  part  that  has  given 
way.  This  may  fometimes  be  ciofed  by  im- 
mediately jirefling  on  the  part  fome  linieed  oil 
fire  lute,  defenbed  in  the  art.cle  Cement) 

but  if  this  fails  the  retort  muft  be  taken  out, 
and  as  much  of  the  materials  as  poffible  faved 
for  a future  operation. 

When  the  diftillation  Is  judged  to  be  finiflied, 
remove  the  tube  from  the  w'aier  and  inftantly 
cork  it  tiglitly  to  prevent  the  accefs  of  air, 
which  w'ould  inflame  the  phofphorus,  and  let 
the  retort  cool.  When  quite  cold  break  it  w ith 
a hammer  juft  wdiere  the  neck  joins  with  the 
body  of  the  veflel,  holding  it  in  the  fame 
pofition  as  it  flood  in  the  furnace,  to  prevent 
the  charcoal  within  the  retort  from  mixing  wdtix 
the  phofphorus  fublimed  in  the  neck  and  tube, 
and  throw  the  latter  into  cold  w^ater.  The 
phofphorus  may  then  be  got  out  by  removing 
the  tube  into  boiling  water,  wdiich  melts  out 
the  phofphorus,  but  in  this  as  in  all  operations 
on  this  inflammable  material  whenever  a fuffi- 
cient  heat  to  melt  it  is  applied,  (wdiich  is  about 
ioo°)  every  thing  fliould  be  done  under  water, 
as  it  kindles  a little  above  its  melting  tempera- 
ture, and  burns  vehemently  the  moment  it 
becomes  expofed  to  the  air. 

The  phofphorus  produced  in  this  procefs  is 
very  brow'ii  and  foul,  and  is  mixed  wdth  a good 
deal  of  a brown  red  powder  which  dithifes 
itfelf  in  water  like  clay,  and  connfts  chiefly 
of  phofphorus  fo  far  oxygenated  as  to  be  no 
lomrer  combuftible. 

O 

The  quantity  of  produdl  varies  extremely, 
but  is  the  moll  when  the  materials  are  dry  and 
the  diftillation  flow.  Pelletier  obtained  6o  oz. 
of  phofphorus  by  a Angle  procefs  from  the 
acid  of  36  lbs.  (576  oz.)  of  bone-afli  decom- 
pofed by  30  lbs.  of  fulphtiric  acid. 

The  brow’ll  red  phofphorus  may  be  purified 
by  feveral  methods.  The  fimplcft  is  the 
lollow'ing:  take  a piece  of  thin  white  leather, 
put  the  impure  phofphorus  in  the  middle  and 
tie  up  the  ends  very  tight  fo  as  to  enclofe  it  in 
a leather  bag;  then  plunge  it  Into  boiling  water 
and  fqueeze  the  bag  w'ith  the  fingers,  by  which 
the  melted  phofphorus  will  ooze  through  in 
drops,  that  coalefce  at  the  bottom  of  the  water 
into  a clear  pure  waxy  phofphorus  almoft  tranf- 
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parent  and  colourlefs.  All  tins  fliould  be  done 
under  water.  What  remains  in  the  bag  is  a 
mixture  of  black  carbonaceous  matter,  with  a 
good  deal  of  the  red  incombulHlIe  oxyd  of 
phofphorus  already  mentioned.  Care  mull  be 
taken  in  doing  this  not  to  get  any  of  the  phof- 
phorus beneath  the  finger  nail,  which  might 
occafion  a dangerous  and  painful  burn.  The 
leather  will  not  ferve  a fecond  time. 

Another  way  is  by  dillillation.  Phofphorus  is 
perfedlly  volatile  at  a heat  of  about  200“  and  it 
rifes  in  the  fecond  diftillation  quite  pure  and 
tranfparent.  In  doing  this,  all  acccfs  of  air 
fliould  be  prevented,  as  the  heat  required  to 
fublime  it  much  exceeds  that  at  which  it  takes  fire 
in  the  air.  The  air  within  the  veflel  is  fpeedily 
deoxygenated  by  the  adlion  of  the  phofphorus 
at  a common  temperature,  and  of  courfe  no 
combultion  can  take  place  when  the  phofphorus 
is  further  heated  in  this  fame  air„  Or,  the 
phofphorus  may  firft  be  melted  to  the  bottom 
of  the  retort  by  hot  water,  and  the  latter 
difplaced  by  azot  or  hydrogen,  (in  which  phof- 
phorus is  equally  uninflammable)  and  then  a 
heat  applied  lufficient  firlt  to  melt  and  then  to 
fublime  the  phofphorus. 

Another  mode  of  purifying  It  Is  to  melt  It  in 
Tiitro-muriatic  acid,  and  to  lhake  it  thoroughly 
in  the  acid,  whereby  on  Handing  again  it 
concretes  into  a very  white  tranfparent  mafs. 
The  red  oxyd  of  phofphorus  is  feparated  in  this 
procefs  and  is  converted  into  phofphoric  acid. 
This  method  however  does  not  appear  to  be  fo 
good  as  the  firft  mentioned. 

Phofphorus  when  newly  purified  Is  nearly 
tranfparent  and  of  a waxy  confiftence,  but 
when  kept  in  water  it  foon  becomes  covered 
with  a reddilli-white  opake  cruft.  It  is  in- 
foluble  in  water.  Its  fpecilic  gravity  is  1.77. 

The  moft  remarkable  phenomena  relating  to 
phofphorus  are  thofe  that  occur  during  its 
combuftion.  When  a ftick  of  phofphorus  is 
fimply  expofed  to  the  air,  if  the  temperature  be 
above  45",  it  conftantly  fends  off  a white 
vapour  of  a very  llrong  unpleafant  fmell,  fomc- 
what  like  that  of  garlic,  which  is  more  copious 
and  denfe  in  proportion  to  the  temperature. 
This  vapour  in  the  dark  is  feen  to  be  a blue 
lambent  flame,  and  it  continues  to  be  emitted 
from  the  phofphorus  for  a great  length  of  time 
with  little  apparent  alteration,  and  v'ithout 
giving  out  any  fenfiblc  heat.  Hence  it  Is  that' 
if  chara£lers  are  traced  by  rubbing  a ftick  of 
phofphorus  on  a board,  or  any  rough  furface, 
they  are  made  luminous  by  the  minute  quantity 


of  phofphorus  abraded,  when  expofed  to  the 
air.  This  however  is  a real  though  flow  com- 
buftion, and  In  time  the  whole  of  the  phofphorus 
is  partly  wafted  away  in  luminous  vapour,  and 
partly  converted  into  acid  on  the  fpot,  and  the 
light  ceaies.  When  a piece  of  phofphorus  is 
put  into  a iilver  fpoon  and.  held  near  a fire  or 
candle,  the  white  vapopr  becomes  extremely 
denfe  and  copious,  the  phofphorus  melts  at 
about  99°,  and  at  148“  It  takes  rire  and  burns  with 
a very  bright  greenifti  white  flame  and  heavy 
white  fmoke.  No  refidue  is  left  in  the  fpoon, 
but  if  the  fmoke  is  received  into  any  veflel  it 
condenfes  on  cooling  into  a very  four  liquid, 
which  is  the  phofphoric  acid.  Thus  then  it 
appears  that  there  are  two  modes  of  combuftion 
of  phofphorus,  one  a flow  combuftion,  with 
fcarcely  any  fenfible  heat,  and  in  which  much 
of  the  phofphorus  is  flowly  volatilized  by  the 
furrounding  air;  and  the  other  a rapid  com- 
buftion with  vivid  light  and  intenfe  heat.  The 
former  begins  at  the  temperature  of  from  40° 
to  45°  (in  the  atmofphere)  and  whilft  the 
phofphorus  remains  folid ; the  latter  occurs  at 
the  heat  of  about  148°  and  after  fufion.  The 
former  is  not  dangerous  to  the  touch,  but  the 
latter  produces  a very  rapid  deftru£lion  of  the 
fkin  and  flefti,  fo  that  phofphorus  fliould  always 
be  handled  w'lth  great  caution,  as  very  ferious 
burns  have  arifen  from  careleflhefs  in  this 
refpecl. 

Phofphorus  when  very  pure  diflblves  In  al- 
cohol though  very  fparingly.  As  it  diflblves,  the 
liquor  takes  the  peculiar  unpleafimt  fmell  of 
phofphorus.^  This  folutlon  is  not  of  itfelf 
luminous,  but  if  a drop  of  it  is  let  to  fall  on 
a little  water  at  the  bottom  of  a glafs  velTel  In 
perfedl  darknefs,  the  moment  it  touches  the 
water  a faint  blue  lambent  flame  is  feen  to 
undulate  on  the  furface  and  gradually  to  fill 
the  veflel.  If  the  air  of  the  veflel  is  changed 
by  blowing  into  it,  the  fame  phenomenon  is 
renewed  repeatedly  till  all  the  phofphorus  is 
extrabled  from  the  mixture  In  like  manner  if 
a wetted  feather  be  dipped  In  the  phofphorized 
alcohol,  the  air  above  the  point  of  contacl 
immediately  becomes  luminous.  In  thefe  ex- 
periments there  appears  a kind  of  double 
decompofition,  the  phofphorus  uniting  with  the 
atmofphere,  and  the  alcohol  with  the  water, 
and  the  heat  excited  by  the  mixture  of  thefe 
two  liquors  doubtlefs  favours  the  decompofition. 

Oil  of  turpentine  and  the  other  cfreHtia!  oils 
diflblve  phofphorus  with  more  facility  ai^d  in 
greater  quantity  than  alcohol.  If  a little  of 
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this  folution  is  fmeared  over  the  face  or  hands, 
the  warmth  of  the  body  caufes  the  oil  to 
evaporate  fpeedily,  after  which  the  thin  in- 
fenfible  pellicle  of  phofphorus  that  remains 
becomes  Itrongly  and  uniformly  luminous,  and 
continues  fo  for  fome  time.  This  amufing 
experiment  is  no  ways  hazardous,  as  the  quan- 
tity of  phofphorus  left  on  the  Ihin  is  too  fmall 
to  do  mifchief. 

Phofphorus  may  be  equally  well  diffolved  in 
the  fixed  oils.  Oil  of  olives  or  almonds  are 
the  moft  convenient.  Pleat  the  oil  in  any 
vefl’el  with  the  phofphorus  for  about  a quarter 
of  an  hour,  and  the  oil  will  diflblve  enough  of 
the  phofphorus  to  be  extremely  luminous  when 
fmeared  over  the  fkin  or  any  warm  furface. 

Sulphuric  ether  dilTolves  phofphorus,  but 
this  folution  is  not  of  itfelf  luminous.  Alcohol 
added  to  it  makes  it  milky. 

The  habitudes  of  phofphorus  with  the  diffe- 
rent gafl'es  offer  feveral  very  interefling  pheno- 
mena. Thefe  have  been  examined  with  great 
care  by  Fourcroy,  Vauquelin,*^  Spallanzani,* 
Brugnatelli,’’  and  others,  with  the  particular 
view  of  refuting  fome  obfervations  of  Goettling 
on  the  luminoufnefs  of  phofphorus  in  azotic 
gas,  which  were  fuppofed  to  militate  againfl 
the  modern  theory  of  combuftion. 

When  a flick  of  pure  phofphorus  is  in- 
troduced into  very  pure  oxygen  gas,  no  light 
whatever  is  perceived,  though  the  experiment 
be  made  in  perfeft  darknefs,  at  any  temperature 
below  8o°  or  8i*.  But  if  it  be  raifed  to  this 
point  by  putting  the  warm  hands  on  the  outfide 
of  the  jar,  the  phofphorus  becomes  very  lumi- 
nous, and  is  furrounded  with  white  vapours. 
This  appearance  continues  till  the  temperature 
is  reduced  to  55°,  when  it  ceafes  entirely. 
This  luminoufnefs  is  caufed  by  a low  combuftion 
of  the  phofphorus  and  confequent  generation 
of  phofphoreous  acid,  fo  that  in  this,  as  in 
all  the  fubfequent  experiments,  whenever  the 
luminous  appearance  has  taken  place  litmus 
paper  within  the  jar  will  be  reddened.  From 
81°  to  104.°  this  flow  combuftion  continues 
but  with  increafing  rapidity,  but  at  about  104* 
the  phofphorus,  which  is  then  melted,  takes 
fire  and  burns  rapidly  with  intenfe  heat  and 
flame  as  already  defcribed.  But  though  phof- 
phorus does  not  begin  to  be  luminous,  and 
therefore  to  undergo  combuftion  in  pure  oxygen 
at  a lower  temperature  than  81®,  it  impercep- 
tibly diflblves  therein  at  the  heat  of  55°,  and 
perhaps  lower,  as  will  be  prefently  fhewn. 


Phofphorus  Introduced  into  perfectly  pure 
azotic  gas,  (fuch  as  that  extradfed  from  muf- 
cular  flefh  by  weak  nitric  acid)  is  not  luminous 
at  any  temperature,  but  may  be  melted  and 
even  fublimed  therein  without  fhewing  the  leaft 
light,  or  undergoing  the  fmalleft  combuftion. 
It  diflblves  in  it  however  at  55"  and  enlarges 
its  bulk  about  according  to  Berthollet,  as 
has  been  mentioned  under  the  article  Eudio- 
METRY,  [%vhkh  fee''.  But  if  a Angle  bubble  of 
oxygen  gas,  pure  or  impure,  be  thrown  up 
into  a jar  of  this  phofphorized  azot,  a pretty 
ftrong  blue  light  is  perceived  at  the  moment  of 
contadb  which  continues  for  a fliort  time.  The 
fame  effedb,  but  in  a much  greater  degree,  is 
produced  by  inverting  the  experiment,  and 
adding  bubbles  of  phofphorized  azot  to  oxygen 
gas,  in  which  cafe  the  whole  veflel  is  filled 
with  a flne  lambent  blue  flame.  Not  only  pure 
oxygen,  but  common  air  or  any  other  mixture 
of  oxygen  will  render  phofphorized  azot  ftrong- 
ly  luminous.  It  has  been  mentioned  that 
phofphorized  oxygen  gas  does  not  of  itfelf 
become  luminous  till  heated  to  81°,  but  (what 
appears  at  lirft  very  remarkable)  if  a jar  be 
fllled  with  it  and  kept  at  the  temperature  of  55® 
and  a few  bubbles  of  azot  be  thrown  up,  the 
whole  jar  immediately  fhines  with  a bright  blue 
light  like  that  of  the  eleflric  aura.  It  appears 
therefore  that  when  phofphorus,  azot,  and 
oxygen  are  prefent,  the  phofphorus  flrft  com- 
bines with  the  azot,  and  being  thus  extremely 
divided,  it  is  able  to  undergo  combuftion  with 
oxygen  at  a much  lower  temperature  than 
where  the  azot  is  abfent.  This  is  exaftly  what 
takes  place  when  phofphorus  is  conflned  at  a 
moderate  temperature  in  atmofpherical  air,  and 
hence  to  employ  phofphorus  as  an  eudiometer 
at  this  heat  the  prefence  of  the  azot  is  neceflary 
to  fet  in  adtion  the  combuftion. 

MefTrs.  Fourcroy  and  Vauquelin  found  that 
when  phofphorized  oxygen  had  been  firft  made 
luminous  by  raifing  the  heat  to  81°,  and  then 
cooled  to  55''  and  mixed  with  azot,  no  light 
could  be  perceived. 

The  fame  chemifts  alfo  obferve  that  when 
phofphorized  oxygen  and  phofphorized  azot 
(both  made  by  keeping  phofphorus  in  the 
refpe£l;ive  gaffes  at  a low  temperature  for  fome 
hours)  are  mixed  together  at  54°,  no  light  is 
perceived,  which  is  a very  Angular  fa£f,  and 
appears  to  contradi£f  the  experiment  in  which 
azot  renders  phofphorized  oxygen  luminous,  or 
oxygen,  phofphorized  azot,  at  the  fame  tem- 
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perature.  The  only  difference  in  this  cafe  is 
that  both  gaffes  are  previoufly  faturated  with 
phofphorus,  inftead  of  only  one. 

When  a flick  of  phofphorus  is  confined  in 
hydrogen  gas  no  light  is  produced,  but  after  a 
time  the  gas  diffolves  fome  of  the  phofphorus, 
and  then,  like  phofphorized  azot,  it  becomes 
luminous  on  the  contaft  of  oxygen  or  any  air 
containing  oxygen.  In  like  manner  pure  hy- 
drogen added  to  phofphorized  oxygen  renders 
it  luminous,  and  even  at  as  low  a temperature 
as  4+*  according  to  Spallanzani. 

With  hydrogen,  phofphorus  unites  in  two 
Hates  of  faturation,  the  lowefl  is  that  which 
has  been  juft  mentioned,  and  is  produced  by 
keeping  phofphorus  in  hydrogen  at  a moderate 
temperature,  'hhe  other  is  the  gas  produced 
by  boiling  the  phofphorus  in  an  alkaline  folution, 
and  will  be  afterwards  deferibed.  The  former 
gas  is  merely  luminous  by  expofure  to  air  or 
oxygen,  the  latter  takes  fire  and  burns  with  a 
bright  flafli  and  flight  explofion*,  the  former 
therefore  may  for  the  prefent  be  diftinguiflied 
by  the  term  fiih  pbofphuretted  hydrogen,  and  the 
latter  phofphuretted  hydrogen. 

Phofphorus  kept  in  fulphuretted  hydrogen 
diflblves  therein,  but  is  not  luminous.  On 
adding  common  air  a large  blueiflt  flame  is 
produced.  This  luminous  gas  feems  to  be 
more  permanent  and  condenfed  than  the  others, 
attaching  itfelf  to  the  hands  or  to  the  veffel  in 
which  the  experiment  is  made,  and  giving 
them-  a very  bright  luminous  coating,  which 
remains  for  feveral  minutes. 

No  very  interefting  appearance  takes  place 
when  pliofphorus  is  confined  in  the  other  gaffes, 
but  when  thrown  into  the  oxymuriatic  acid  gas 
it  foon  takes  fire,  and  burns  rapidly  I 
beautifully. 

Ill  all  the  above  experiments  where  it  is 
afferted  that  the  gas  containing  the  phofphorus 
remains  abfolutely  dark,  it  is  underftood  that 
it  is  confined  by  mercury,  for  when  kept  over 
water,  the  oxygen  which  this  fluid  ufually 
contains  may  be  difengaged,  and  the  minuteft 
quantity  will  become  fenfible  bv  fuch  a delicate 
teft. 

The  folution  of  phofphorus  in  oxygen  gas  at 
a low  temperature  is  a very  curious  circum- 
ftance,  for  it  muft  imply  a very  intimate  union 
of  the  two  without  any  approach  to  combultion, 
fince  at  any  time  combullion  may  be  excited  in 
the  mixture  either  by  raifing  the  heat  to  8 1°,  or 
by  adding  azotic  or  hydrogen  gas,  and  fince 
after  tlie  temperature  has  been  raifed  to  the 


point  of  luminoufnefs  and  flow  combuftion,  and- 
again  reduced,  no  effeeft  is  then  produced  by 
the  above  additions. 

The  fub-phofphuretted  hydrogen  having  been 
already  mentioned,  we  may  proceed  to  deferibe 
the  phofphuretted  hydrogen.  This  gas  was 
firll  difeovered  by  Gengembre,  w’.io  prepared  it 
by  boiling  phofpiiorus  in  alkali.  It  is  eafily 
produced  in  the  following  way;  put  fome  pieces 
of  pholphorus  in  a very  fmall  bottle  with  a 
curved  tube,  or  in  a fmall  retort,  fill  the  veffel 
to  the  neck  with  a weak  folution  of  cauilic 
potafh,  and  heat  it  to  boiling,  taking  cave  to- 
dip  the  open  end  of  the  bottle  or  the  tube  in 
water  or  mercury  to  prevent  the  accefs  of  air. 
When  the  folution  begins  to  boil,  bubbles  of 
gas  rife  to  the  furface,  which  kindle  immedi- 
ately and  burn  with  a bright  flafli  within  the 
veffel  as  long  as  any  oxygen  remains.  This 
caufes  a rapid  abforption,  fo  that  unlefs  the 
vefl’el  is  nearly  full,  much  of  the  water  or 
mercury  rufhes  up,  but  after  a while  this 
ceafes,  and  the  difeharge  of  gas  is  copious  and 
regular.  It  is  the  peculiar  property  of  this 
phofphuretted  hydrogen  to  burn  with  a very 
vivid  flafli  and  a flight  fnapping  noife  the 
moment  it  comes  in  contact  with  the  atmo- 
fphere,  and  after  each  bubble  has  thus  exploded, 
a very  remarkab  e circular  ring  of  white  fmoke 
rifes  Irom  the  flafli,  and  mounts  about  two  or 
three  feet  in  the  air,  gradually  widening  till  it 
difperfes.  This- gas  if  received  by  bubbles  in 
a jar  of  oxygen  gas  burns  with  a ftronger 
explofion  and  a brilliant  flafli  of  flame,  pcrliaps 
more  Iw-’i'-'-ful  than  any  other  that  chemillry  can- 
exhto.L.  - ...Srphuvetted  hydrogen  may  alfo  be 
produced  by  heating  phofphorus  very  ftrongly, 
and  fubiiming  it  in  an  atmofphere  of  hydrogen. 
Another  method  of  producing  it  is  Amply  by 
dropping  into  water  fome  phofphuret  of  lime, 
as  will  be  prefently  mentioned. 

^’-ofphuretted  hydrogen  has  a ftrong  and 
unpleafant  fniell  foniewhat  like  that  of  ftale 
fifli.  It  is  confiderably  lighter  than  common  i 
air,  but  its  compofition  feems  to  vary  according, 
to  the  circumltances  and  time  of  its  formation. 
If  kept  in  the  dark,  and  over  mercury,  it  retains, 
its  inflammability  for  a length  of  time,  but. 
in  the  light  it  is  foon  changed,  and  no  longer 
kindles  on  admiffu^n  of  common  air. 

When  this  gas  recently  prepared  is  agitated’ 
with  cold  water,  a confiderable  quantify  is 
abforbed,  and  a liquor  is  formed  of  a faint 
yellow  colour,  a difagreeable  fmell  and  a bitter- 
and  naufeous  tafte.‘  It  is  not  luminous  in  the 
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dark.  Water  thoroughly  purged  of  air  by 
recent  and  long  continued  boiling,  will  abforb 
at  55°  about  a fourth  of  its  bulk  of  the  gas. 

When  this  folutlon  is  heated,  the  gas  is 
again  expelled,  at  a heat  below  boiling,  un- 
altered, and  as  inflammable  as  before. 

If  the  foiution  is  expofed  to  the  air  it  foon 
becomes  turbid,  and  depofits  a confulerable 
quantity  of  red  oxyd  of  phofphorus,  whilft 
hydrogen  efcapes,  which  is  now  no  longer 
fpontaneoufly  inflammable.  In  time  the  liquor 
becomes  Amply  water  containing  a little  oxyd 
of  phofphorus. 

This  foiution  of  phofphuretted  hydrogen 
when  made  with  well  boiled  water  does  not 
change  the  colour  of  litmus,  and  therefore  is 
neither  acid  nor  alkaline.  It  fpeedily  alters 
many  metallic  folutlons,  reducing  the  metal  to 
the  Hate  of  a phofphuret.  This  is  particularly 
remarkable  when  added  to  the  folutions  of 
fdver,  mercury,  and  lead,  which  it  immediately 
blackens  and  feparates  a phofphuret  of  the 
metal,  -wdiich  in  time  is  changed  to  a phofphat. 

Phofphorus  fcarcely  if  at  all  unites  with  any 
of  the  three  alkalies  at  any  temperature. 

With  lime  phofphorus  unites  by  a moderate 
heat  and  forms  a compound  which  has  fome 
curious  properties.  It  may  be  made  in  the 
following  manner.*^  Put  into  a long  dry  thin 
phial  about  half  a dram  of  well  burnt  powdered 
lime,  then  about  half  this  quantity  of  phofpho- 
rus, and  All  it  with  alternate  firata  of  lime  and 
hofphorus.  Stop  it  loofely  with  a cork,  and 
ury  it  to  the  neck  in  hot  fand,  and  jseep  the 
heat  to  a degree  jail  below  rednefs  till  the  lime 
is  uniformly  impregnated  with  the  phofphorus, 
;ind  is  of  an  auburn  colour.  In  this  procefs 
the  phofphorus  rifcs  in  vapour  through  the  lime, 
and  a part  unites  with  it  into  a pliofphurct, 
but  fome  efcapes  by  the  cork  and  burns  oft'. 
When  the  procefs  is  Aniflied,  for  which  no 
exacl  rule  can  be  given,  prcfs  the  cork  in  to 
prevent  the  air  from  entering  in  cooling,  and 
to  keep  it  for  any  length  of  time  the  bottle 
fliould  be  inverted  over  mercury. 

The  phofplmret  if  duly  prepared  is  friable 
and  readily  broken  down  in  the  bottle  when 
cold  by  an  iron  wire,  and  at  this  point  the 
procefs  Ihould  ftep.  If  continued  longer,  too 
much  of  the  plu'fphorus  is  expelled,  and  the 
phofphuret  will  not  prefent  the  ufual  appear- 
ances; it  too  little,  the  mafs  is  hard. 

When  a quantity  of  this  phofpliuret  is  thrown 
into  water  about  blood  warm,  it  fvvells  and 
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crackles,  and  bubbles  mount  up,  which  take 
Are  as  foon  as  they  reach  the  air,  and  burn 
with  a bright  fiafli  and  fnapping  noife  on  the 
furface  of  the  water.  This  gas  is  phofphuretted 
hydrogen,  the  properties  of  which  have  been 
already  deferibed. 

By  a Amilar  procefs  phofphorus  may  be  made 
to  combine  with  barytes,  and  when  melted,  it 
exhibits  the  fame  phenomena. 

Phofphorus  appears  to  unite  with  charcoal 
during  the  procefs  of  the  diftillation  of  phof- 
phorus by  charcoal  and  phofphoric  acid.  This 
compound  ('according  to  ProuIP)  is  the  fubftance 
that  remains  in  the  leather  bag  when  the  impure 
phofphorus  has  been  Ilrained  through  it  as 
already  mentioned,  but  it  is  befides  mixed  with 
fome  uncombined  phofphorus.  It  is  red,  and 
does  not  melt  like  pure  phofphorus.  Diflilled 
per  fe  in  a clofe  veflel  the  excefs  of  phofphorus 
fublimes  at  a moderate  heat,  and  there  remains 
an  orange  red  light  flocculent  mafs,  apparently 
homogenous,  which  this  excellent  chemifl:  con- 
Aiders  as  the  true  phofphuretted  charcoal.  If 
the  heat  is  raifed  to  rednefs  moft  of  the  comb'med 
phofphorus  is  fublimed,  and  the  refidue  is 
little  elfe  than  charcoal. 

If  a little  of  the  phofphuretted  charcoal  is 
laid  on  a red  hot  iron  plate,  the  phofphorus 
burns  Arft,  and  forming  phofphoric  acid  it 
melts  with  and  involves  the  remaining  char- 
coal and  pi'cferves  it  from  the  further  aSion  of 
the  Are.  Cauflic  potafli  in  foiution  boiled  with 
this  compound  produces  no  efFe£I  upon  it, 
which  ihe  A’s  how  intimate  is  the  chemical  union 
of  the  conllltuent  parts.  It  is  probably  this 
fubftance  that  forms  the  red  or  black  powder 
which  fo  often  appears  in  many  operations  with 
common  phofphorus. 

Sulphur  and  phofphorus  unite  in  feveral 
proportions,  forming  a very  interefting  com- 
pound, whicii  is  one  of  the  moft  inflammable 
and  dangerous  ccmbuftibles  that  we  are  ac- 
quainted with.  Pliofpb;irctted  fulphur  was  firft 
noticed  by  Margraaf,  altcrwards  by  Pelletier,'" 
who  has  Ihev.n  the  mode  of  combining  them, 
and  the  great  fuflbility  of  the  compound,  and 
more  lately  Mr.  Accum"  and  Dr.  Brigg.s“  have 
given  very  interefting  papers  on  this  fnbjecft. 
From  all  thefe  fources  the  following  particulars 
may  be  collected.  ’^hhis  fubftance  may  be 
made  by  heating  the  phofphorus  and  fulphur  in 
the  required  proportions  in  water  till  the  phof- 
phorus melts,  which  Aaon  diflblves  the  fulphur 
and  forms  a yellowiih  mafs,  which  is  the 
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compound  in  queftion.  Phofphorized  fu'phur 
melts  at  a much  lower  temperature  than  phof- 
phorus  itfelf,  fo  that  a heat  much  lefs  than 
that  of  boiling  water  will  be  fulEcient,  and  on 
account  of  the  extreme  rilk  of  explofion  when 
the  heat  Is  too  great,  no  more  than  is  abfolutely 
neceflary  ihould  be  u<ed.  The  fufibility  of  tlie 
compound  increafes  with  the  proportion  of 
fulphur.  Thus  Pelletier  found  that  phofphorus 
alone,  liquified  by  heat  and  allowed  to  cool, 
folidified  at  a temperature  of  from  90“  to  ioo». 
But  all  the  mixtures  of  phofphorus  and  fulphur 
remained  fluid  at  a much  lower  temperature. 
The  particular  experiments  are  as  follows: 
Pliofphorus  Sulphur 


•7  2 w'ith 

9 congeal  at 

77' 

72  - - 

18  - - - 

59 

72  - - 

36  - - - 

S° 

72  - - 

72  - - - 

41 

72  - - 

144  - - - 

55 

but  when  the  quantity  of  fulphur  exceeds  that 
of  the  phofphorus  the  combination  appears 
lefs  perfetl. 

If  equal  parts  of  the  two  ingredients  be 
melted  under  water  at  a heat  not  exceeding 
180°,  only  a certain  portion  of  the  fulphur 
unites  with  the  phofphorus,  and  the  remainder 
may  be  w-aflied  away  with  cold  water.  This 
compound  is  yellow  and  friable,  melts  by  the 
heat  of  the  hand,  and  takes  fire  at  about  112°. 
Two  parts  of  phofphorus  and  one  of  fulphur 
are  very  convenient  proportions  for  making  this 
compound.  They  are  to  be  put  into  a flafle  wdth 
wetter,  and  melted  in  a heat  confiderably  fliort 
of  boiling,  and  kept  for  a flrort  time  till  the 
union  is  compleat.  The  vefl'el  fliculd  on  no 
account  be  fliaken  v/hilll  the  materials  are  fluid, 
for  Mr.  Accum  relates  a meft  dangerous  explo- 
fion which  took  place  in  confequence.  Tleither 
ihould  the  water  be  allowed  to  boil  in  which 
the  phofphorized  fulphur  is  contained,  for  after 
a flrort  time  the  mixture  has  been  known  to 
explode  with  prodigious  violence,  and  with  a 
large  volume  of  flame.  Yet,  on  the  other 
hand,  Mr.  Accum,  in  another  inftance,  kept  a 
quantity  of  this  mixture  under  a pretty  long 
column  of  boiling  water  for  a confiderable  time 
witliout  accident ; fo  that  till  w^e  are  better 
acquainted  wdth  the  precife  circumftances  that 
produce  explofion  of  this  dangerous  compound, 
fuch  an  event  fliould  always  be  expefted  and 
guarded  againft,  when  the  mixture  is  heated  In 
w'ater,  to  within  a few  degrees  of  the  boiling 
point.  This  fubftance  alfo  fliould  be  handled 
with  ftill  more  caution  than  phofphorus,  for  it 
takes  fire  with  a moderate  heat,  and  even  in 


the  temperature  of  the  air  \yhen  flight  fri£liort 
is  ufed. 

Phofphon.'S  and  fulpluir  may  alfo  be  fafely 
combined  in  a clofe  veflel  without  water.  For 
this  purpofe,  take  a glafs  tube  hermetically  fealed 
at  one  end,  put  into  it  the  phofphorus  and  ful- 
phur, both  perfectly  dry,  cork  it  very  tight, 
and  plunge  the  tube  into  hot  water,  which  is 
to  be  gradually  brought  to  boiling.  The  fulphur 
and  phofphorus  will  unite  without  explofion, 
and  when  removeil  from  the  water,  but  ftill 
fluid,  the  tube  may  be  fliaken  to  compleat  the 
union,  care  being  taken  to  keep  it  well  corked 
all  the  time. 

Phofphuretted  fulphur  has  the  property  of 
decompofing  water  without  the  afliftance  of 
alkalies  or  any  other  fubftance,  a property  not 
polTefl'ed  by  phofphorus  or  fulphur  fingly.  The 
gas  thus  generated  is  a mixture  of  phofphorus, 
fulphur,  and  hydrogen,  has  the  peculiar  fmcll 
of  both  fulphuretted  and  phofphuretted  hydro- 
gen, and  is  luminous  in  the  air,  and  if  recently 
prepared,  takes  fire  fpontaneoufly,  and  burns 
with  a greenifli  flame  and  a white  ring  of 
fmoke.  This  compound  gas  was  procured  by 
Mr.  Accum,  (though  not  wdthout  rilk  of  explo- 
fion) by  putting  two  drams  of  phofphorus  with 
two  of  fulphur  into  a Wedgvi  ood-ware  tube, 
clofed  at  one  end,  and  furniflied  at  the  other 
with  a perforated  cork,  and  bent  glafs  tube 
fitting  it,  which  was  dipped  under  a jar  of  water. 
Four  ounces  of  water  were  added  to  the  mix- 
ture, and  gradually  brought  to  boil,  during 
which  nearly  two  quarts  of  the  gas  were  pro- 
cured, and  without  explofion.  This  gas  was 
foluble  in  about  four  times  its  bulk  of  water 
by  agitation.  On  throwing  up  common  air  to 
the  gas,  an  inftantaneous  inflammation  enfued, 
the  veflhl  became  filled  with  w'hite  fumes,  and 
was  foon  lined  with  a white  cruft,  which 
attracted  moifture  rapidly,  and  confifted  of 
fulphur,  fulphuric,  and  phofphordc  acid.  A 
confiderable  detonation  is  produced  when  this 
gas  is  mixed  with  the  oxymuriatic  acid  gas. 

The  decompofition  of  phofphuretted  fulphur 
by  water,  takes  place,  though  flowly,  at  a heat, 
fcarcely  higher  than  that  of  the  atmofphere. 

This  compound  (compofed  of  three  parts  of 
phofphorus  and  one  of  fulphur)  rapidly  abforbs- 
oxygen  from  the  air,  fo  that  it  may  be  em-- 
ployed  with  advantage  as  an  eudiometer. 

It  is  very  rapidly  oxygenated  by  nitric  acid, 
even  without  heat,  and  converted  into  fulphuric 
and  phofphoric  acids. 

Phofphorized  fulphur  is  foluble  in  the  fixed 
oils.  If  a little  of  it  be  rubbed  in  a mortar  with 
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Hve  or  fix  parts  of  olive  oil,  and  then  put  into  a 
phial  and  allowed  to  Hand  for  fome  little  time, 
’ivithout  applying  heat,  a liquid  phofphorus  is 
produced,  which,  when  quite  clear  ^^fo  that  none 
of  the  phofphuret  is  fufpended  in  the  oil)  may- 
be rubbed  on  the  Ikin  with  perfe£l;  fafety,  and 
ihines  with  much  more  brilliance  than  the  folu- 
tion  of  fimple  phofphorus  in  oil.  Equal  parts 
of  this  phofphuret  in  olive  oil  and  oil  of  tur- 
pentine when  fhaken  together  and  poured  out 
of  a veflel,  gives  in  the  dark  the  appearance  of 
a beautiful  Ihower  of  fire.P 

The  eflkntial  oils  alfo  diiTolve  this  phofphuret 
and  produce  luminous  folutions. 

Phofphorus  unites  with  moft  of  the  metals, 
forming  compounds,  which  are  all  brittle,  and 
moflly  of  a greyith-white  colour.  Thefe  phof- 
phurets  may  be  made  either  by  heating  the 
metal  (in  fhreds  or  powder)  with  a mixture  of 
phofphoric  acid  and  charcoal ; or  by  projedling 
phofphorus  on  the  metal  when  red-hot.  The 
phofphorus  burns  off  from  moll  of  the  metallic 
phofphurets  by  heating  in  the  open  air.  They 
are  individually  defcribed  under  the  refpeftive 
metals. 

PHOSPHORIC  AND  PHOSPHOREOUS 
ACID. 

The  produ£l:  of  the  combuftion  of  phofpho- 
rus (or  oxygenation  in  any  other  way)  is  an 
acid,  which,  though  compofed  merely  of  phof- 
j)horus  and  oxygen,  differs  in  a notable  degree 
according  as  the  oxydation  is  more  or  lefs  com- 
pleat.  When  incompleat,  the  phofphoreous  acid 
is  produced;  when  com  pleat,  the  phofphoric 
acid,  fo  that  of  thefe  two  fubllances,  the  former 
contains  more  phofphorus  or  lefs  oxygen  than 
the  latter.  Some  chemiils  have  rather  fuppofed 
that  the  phofphoreous  acid  is  the  phofphoric, 
holding  fome  uncombined  phofphorus  in  folution 
(in  the  lame  way  as  the  nitrous  acid  may  be 
.confiderod  as  the  nitric,  holding  diffolved  nitrous 
gas)  that  is  to  fity,  that  all  the  oxygen  of  the 
phofphoreous  acid,  is  combined  with  a part  only 
,of  the  phofphorus,  and  in  the  proportions  in 
which  phofphoric  acid  is  conftituted,  and  that 
the  fuperabundant  pholphorus  of  the  phof- 
phoreous acid  is  only  in  loofe  combination  with 
the  remainder.  Perhaps  this  is  the  proper  way 
of  confidering  this  fubjefl,  for  though  the  phof- 
phoreous acid  cannot  be  made  by  digefting  phof- 
phorus in  the  phofphoric  acid,  the  former  acid 
may  be  converted  into  the  latter  by  mere  heat, 
which  drives  off  the  excefs  of  phofphorus. 

The  Pi-iosPHOREOus  Acid  is  produced  by 
the  jloiv  combuftion  of  phofphorus  in  atmof- 
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pherical  air,  or  that  which  is  excited  at  all  the 
common  temperatures  at  which  phofphorus 
becomes  fimply  luminous  without  burfting  into 
flame.  It  may  be  fafely  performed  in  fmall 
quantities  at  any  heat  below  the  melting  point 
of  phofphorus.  The  phenomena  attending  the 
flow  and  the  rapid  combuftion  of  this  fubftance 
in  common  air  and  in  oxygen,  have  been  already 
fully  defcribed. 

Phofphoreous  acid  is  conveniently  prepared 
according  to  Pelletier’s  method.  Inclofe  fticks 
of  phofphorus,  each  in  a fmall  glafs  tube,  quite 
open  at  one  end,  and  drawn  out  to  a capillary 
tube  at  the  other.  Arrange  any  number  of 
thefe  in  a glafs  funnel,  with  the  fmaller  ends  of 
the  tube  downwards,  and  fet  the  funnel  in  an 
empty  glafs  bottle.  The  contadl  of  the  air 
immediately  begins  the  flow  pombuftion  of  the 
phofphorus,  and  a luminous  vapour  arifes  from 
each  tube.  But  if  this  vapour  (which  is  phof- 
phorized  azot  in  the  adl  of  union  with  oxygen) 
is  allowed  to  difperfe  freely  in  the  air,  moft  of 
the  phofphorus  would  be  wafted  away  and  loft  ; 
fo  that  it  is  found  neceffary  to  confine  it,  by 
fetting  the  bottle  and  funnel  on  a plate  wdth  a 
little  warm  water  at  bottom,  and  inverting  over 
the  whole  a large  bell-glafs,  with  an  opening  in 
the  middle,  loofely  corked,  through  which  fuffi- 
cient  air  may  be  let  in  from  time  to  time,  to 
maintain  the  flow  combuftion  of  the  phofphorus 
within.  In  this  way  the  phofphorus  gradually 
deliquefces  into  a liquid  acid,  which  falls  in 
drops  through  the  tube  and  funnel  into  the 
veft'el  below.  About  three  times  the  weight 
of  the  phofphorus  employed  may  be  colledled. 
The  ule  of  confining  each  ftick  of  phofphorus 
in  a feparate  tube  is,  to  guard  againft  the  dange- 
rous accident  of  the  whole  phofphorus  taking 
fire  ; for  though  a fingle  ftick  of  it  may  be 
expofed  to  any  natural  temperature  without 
kindling,  it  has  been  found  that  when  a number 
of  fticks  are  heaped  together  and  expofed  to  the 
air  from  65®  to  -;o®,  fo  much  heat  is  generated 
by  the  flow  combuftion,  as  to  caufe  the  whole 
to  inflame,  which  might  be  produdlive  of  the 
moft  ferious  confequences. 

The  acid  which  drops  from  the  phofphorus 
in  this  procefs  is  the  phofphoreous,  and  is  a tranf- 
parent  liquor  of  the  confidence  of  fyrup,  ftreaky 
when  ftiaken,  without  fmell,  and  with  a ftrongly 
acid  and  peculiar  tafte.  ■*  When  heated  in  a 
retort,  it  firft  thickens  by  the  lofs  of  its  fuper- 
fluous  water,  after  which  a number  of  bubbles 
arife  to  the  furface,  and  break  with  a white 
fmoke,  which  is  luminous  in  the  dark,  fmells 
• Fourcroy. 
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ftrongly  of  phofphuretted  hydrogen,  and  fome- 
times  aftually  takes  fire.  In  an  open  veffel 
thefe  bubbles  kindle  the  inftant  they  reach  the 
furface.  By  continuing  the  heat  for  a confide- 
rable  time,  all  the  fuperfluous  phofphorus  is 
burnt  off,  and  the  liquor  is  now  converted  into 
phofphoric  acid. 

The  phofphoreous  acid,  though  not  faturated 
with  oxygen,  does  not  abforb  it,  either  when 
expofed  to  the  air  or  to  oxygen  gas,  at  leafl;  not 
till  after  a confiderable  length  of  time,  which, 
together  with  the  great  difficulty  of  expelling 
the  excels  of  bafis  by  heat,  ffiews  the  very  ftrong 
affinity  between  phofphorus  and  phofphoric  acid, 
and  feem  to  confirm  the  opinion  already  ftated, 
with  regard  to  the  conftitution  of  the  phof- 
phoreous acid.  By  boiling  with  nitric  acid 
however,  the  excefs  of  phofphorus  is  compleatly 
oxygenated,  and  the  whole  becomes  phofphoric 
acid. 

Phofphoreous  acid  added  to  thofe  of  the 
metals  that  difengage  hydrogen  during  folution, 
fuch  as  iron  and  zinc,  diffolves  them  with  the 
production  of  a fetid  gas,  luminous  in  the  dark, 
but  not  inflammable  per  fe^  which  is  hydrogen, 
holding  a very  final  1 portion  of  phofphorus  in 
folution,  or  what  may  be  termed  fub-phofphu- 
retted  hydrogen.  The  refidue  is  the  phofphat 
of  the  metal  employed. 

This  acid  mixes  with  waiter  in  all  proportions, 
and  cannot  be  rendered  folid  by  evaporation 
without  lofmg  the  excefs  of  phofphorus,  which 
diftinguiffies  it  from  the  phofphoric. 

The  combinations  of  this  acid  with  the  feveral 
bafes,  form  the phofphites,  which  will  be  prefently 
defenbed , 

Phosphoric  Acid. 

This  acid  is  found  native  in  feveral  flates  of 
combination,  particularly  with  lead  and  with 
lime,  and  it  compofes  a great  part  of  the  earth 
of  bones  (whence  it  may  be  extra£fed  in  the 
way  already  mentioned),  but  it  is  never  found 
native  uncombined  with  any  bafe.  There  are 
two  methods  of  preparing  it,  one  dire(fi;ly  from 
phofphorus,  the  other  by  the  decompofition  of 
phofphat  of  lime.  The  former  gives  it  more 
certainly  in  a Hate  of  abfolute  purity. 

Phofphoric  acid  is  produced  by  the  rapid 
combuftion  of  phofphorus  in  oxygen,  which 
may  be  done  either  over  mercury  or  water. 
After  combuftion,  which  gives  intenfe  heat  and 
light,  the  acid  fublimes  in  white  cryftalline  flakes, 
that  concrete  on  the  inner  furface  of  the  veflel, 
and  which  foon  deliquefee  into  a very  ftrong 
acid.  If  this  is  done  over  water,  it  fhould  be 
over  a very  thin  ftream  of  this  fluid,  and  then 
by  wafliing  out  the  jar  with  it,  all  the  acid 
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mixes  with  the  water,  and  may  be  concentrated 
by  evaporation. 

Another  and  very  convenient  way  of  preparing 
it  is,  by  compleating  the  acidification  of  phof- 
phoreous acid  by  the  nitric,  as  mentioned  in  the 
former  article.  Let  phofphoreous  acid  be  pre- 
pared either  by  the  flow  combuftion  of  phof- 
phorus,  or  elfe  in  the  following  v/ay,  which  is 
very  convenient.  Put  a quantity  of  pure  phof- 
phorus in  a fmall  cup,  which  w'ill  not  crack 
by  the  heat,  Handing  in  a piate,  the  bottom  of 
which  is  covered  with  water : kindle  it,  and 
immediately  whelm  over  it  a large  bell-glafs, 
which,  as  in  the  combuftion  in  oxygen,  will 
fpeedily  be  lined  with  the  concrete  acid.  When 
the  flame  has  gone  out  and  the  velTel  is  cold,  lift 
up  the  jar  to  change  the  air  within  it,  and 
again  fire  the  phofphorus  as  before.  When  this 
has  been  repeated  a number  of  times,  wafli  'all 
the  infide  of  the  jar  with  the  water  of  the  plate, 
and  evaporate  this  in  the  open  air  till  it  begins 
to  fend  forth  bubbles  which  flafir  as  they  break;, 
then  add  nitric  acid  till  no  more  red  nitrous 
vapours  are  perceived,  and  complete  the  eva- 
poration nearly  to  drynefs.  The  refidue  is  pure 
phofphoric  acid.  The  oxymuriatic  acid  may 
be  ufed  inftead  of  the  nitric. 

Phofpliorus  alfo  may  be  compleatly  oxygen- 
ated by  boiling  v.uth  the  nitric  acid  without  the 
affiftance  of  previous  combuftion,  and  this  is 
perhaps  the  fliorteft  and  beft  way  of  preparing 
it.  For  this  purpofe  put  about  fix  parts  of 
moderately  ftrong  nitric  acid  into  a retort,  heat 
it  and  then  drop  in  one  part  of  pure  phofphorus. 
A violent  difengagement  of  red  nitrous  va- 
pour takes  place,  and  wdien  it  has  ceafed,  boil, 
the  liquor  till  all  a£Hon  between  the  two  ap-- 
pears  to  be  over.  Then  evaporate  the  folution 
nearly  to  drynefs,  and  the  refidue  is  pure  phof- 
phoric acid. 

This  acid  may  alfo  be  prepared  from  phof- 
phat of  lime  in  confiderable  purity,  by  means 
of  fulphuric  acid  and  ammonui  in  the  way  given 
by  Dr.  Higgins,  and  already  mentioned  under 
the  article  Phofphorus . 

It  was  found  by  Lavoifier  that  loo  parts  of 
phofphorus,  during  combuftion  in  oxygen  gas, . 
abforbed  i‘54  of  oxygen,  and  produced  254  of 
concrete  phofphoric  acid ; which  proportions 
have  been  confirmed,  or  nearly  fo,  by  other 
chemifts. 

Phofphoric  acid,  in  whatever  way  prepared, 
has  the  following  properties:  When  concen- 
trated as  much  as  poffible,  retaining  the  liquid 
form,  it  is  a thick  unfluous-looking  fluid  of 
the  fpecific  gravity  of  2,  or  fometimes  more, 
ftrongly  acid  but  with  no  other  tafte,  nor  any 
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■fmell.  It  is  capable  of  the  concrete  form  un- 
der certain  circumftances.  When  produced  by 
combuftion  in  the  way  already  mentioned  it 
appears  in  cryftalline  flakes  but  very  deliquef- 
cent:  the  liquid  acid  alfo  when  of  2-  fp.  gr.  if 
kept  for  feveral  days  at  32°  or  thereabouts  will 
j^radually  depofit  fmall  needled  cryftals.^  Even 
in  fummer  this  takes  place  when  quite  at  reft, 
but  in  a longer  time. 

Phofphoric  a.cid  is  entirely  unaltered  and 
fixed  in  the  fire.  When  the  liquid  acid  is 
heated,  it  firft  parts  with  its  M'^ater,  then,  con- 
tinuing the  heat,  it  becomes  a clear  gelatinous 
•mafs,  and  at  laft  when  the  heat  is  raifed  to  red-  ^ 
.nefs  it  bubbles  and  fwells,  and  finally  fettles 
into  a clear  colourlefs  acid  glafs.  This  how- 
■ever  is  again  foluble  in  water  and  returns  to  its 
former  ftate.  The  gelatinous  acid  is  extremely 
deliquefcent,  and  the  vitreous  acid  in  fome  de- 
gree, and  by  expofure  to  air  they  both  return 
to  the  ftate  of  the  unftuous  liquid  acid.  The 
vitreous  acid  is  a very  powerful  flux  for  all 
earthy  and  many  metallic  fubftances,  and 
ftrongly  adds  upon  earthen  crucibles,  fo  that  in 
fadb  it  can  hardly  be  obtained  abfolutely  pure, 
unlefs  melted  in  a platina  crucible.  The  phof- 
phoiic  and  the  boracic  acids  refemble  each 
other  fo  ftrongly  in  their  unaltcrability  in  any 
fire,  and  their  powerful  adfion  as  a flux,  that 
they  have  been  thought  to  be  the  fame  fubftance 
under 'fome  modification  ; but  no  experiments 
have  as  yet  confirmed  this  opinion. 

This  acid  is  not  added  on  by  hydrogen  or 
fulphur,  but  charcoal  decompofes  it  entirely  in 
a ftrong  heat,  as  is  feen  in  the  procefles  for  the 
preparation  of  phofphorus  defcribed  under  that 
article. 

The  combinations  of  this  acid  with  the  feve- 
ral  bates  are  defcribed  in  the  following  article, 
PTOSP  lATo  and  PHOSPHITES. 

The  falls  formed  by  the  union  of  the  phof- 
phovic  acid  with  the  feveral  bafes  are  called 
Phcl'phaie..')  thofe  with  the  phofphoreous  acid, 
PhcJ'phiLes.  'The  former  of  thefe  will  be  firft 
defcribed. 

There  are  fome  circumftances  belonging  to 
the  phofphates  in  general,  which  may  be  pre- 
vioufly  mentioned.  'They  are  all,  except  the 
phofphat  of  ammonia,  fixed  in  the  fire,  and 
readily  run  into  a glafs  by  a red  heat.  'The 
phofphat  of  ammonia  lofes  entirely  its  alkali, 
and  when  kept  in  fufion  for  a little  time  pure 
phofphoric  acid  is  left. 

A remarkable  circurnftance  In  which  the 
■phofphats  differ  from  the  fulphats,  is,  that  the 
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former  are  not  decompofed  by  calcination  with 
charcoal,  which  feems  to  have  no  effedd  on 
them.  The  phofphoric  acid  however  is  com- 
pleatly  decompofed  by  this  merhod,  and  alfo 
the  phofphat  of  ammonia,  but  the  latter  only 
on  account  of  the  volatilization  of  the  alkali, 
which  leaves  the  acid  naked.  Plence  phofpho- 
rus can  be  made  direddly  only  from  the  phof- 
phoric acid  or  phofphat  of  ammonia. 

V/ith  many  of  the  bafes  this  acid  unites  in 
more  than  one  proportion,  forming  with  the 
fame  alkali  and  the  fame  acid,  falts  dift'ering 
extremely  in  folubility  and  fanfible  qualities. 

Many  of  the  other  acids  decompofe  the  phof- 
phats partially  or  totally. 

Phosphat  of  Potash. 

When  phofphoric  acid  and  potafh  are  In 
mutual  faturation,  a fait  is  produced  which  is 
uncryftallizable,  but  when  evaporated  fuffici- 
ently  paffes  into  the  ftate  of  a thick  jelly  which 
is  deliquefcent  in  the  air.  It  is  therefore  ex- 
tremely and  almoft  Indefinitely  foluble  in  water; 
when  heated  It  fwells  and  bubbles  till  it  has 
parted  with  its  water,  after  which  it  melts 
into  a clear  colourlefs  glafs.  It  is  decompofed 
by  the  fulphuric,  nitric,  and  muriatic  acids,  and 
by  lime,  barytes,  and  ftrontian,  fo  that  if  a 
little  lime-water,  for  example,  be  dropped  into 
a lolutlon  of  this,  or  any  other  alkaline  phof- 
phat, a white  precipitate  of  phofphat  of  lime 
takes  place.  Its  conftituent  parts  are  not 
known,  nor  is  it  ufed. 

Suh-Phofphat  of  Potafj.  This  variety  was  firft 
noticed  by  Darracq,’’  and  occurred  in  repeating 
fome  experiments  on  the  fuppofed  decompofi- 
tion  of  the  alkalies.  On  heating  to  vitrification 
a mixture  of  two  parts  of  oxymuriat  of  potalh 
with  one  of  phofphoric  acid,  and  digefting  the 
mafs  in  cold  water,  a white  infoluble  granular 
fubftance  is  left,  which  was  miftaken  for  phof- 
phat of  lime,  but  is  in  reality  the  phofphat  of 
potafli  in  queftion.  By  evaporating  the  folution 
and  again  calcining,  more  ol  this  granular  fub- 
ftance is  left  behind  on  digeftion  with  water, 
and  thus  by  four  or  five  procefles  the  whole  is 
converted  to  this  phofphat. 

The  fame  fait  may  alfo  be  produced  in  a 
fliorter  way  by  fiifing  in  a platina  crucible  neu- 
tralized phofphat  of  potafh  with  an  excefs  of 
potafti. 

'This  fub-phofphat  is  Infoluble  in  cold  water, 
but  diffolves  in  a imall  degree  with  a boiling 
heat,  it  is  extremely  fufibie  and  melts  before 
the  blow^^pipe  into  a perfe£t  bead  of  glafs,  which 
is  tranfparent  whilft  in  fufion,  but  becomes 
* An.  Chim.  tern.  40.  p.  177, 
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opake  on  cooling.  The  proportions  of  its  con- 
ftituent  parts  are  not  known. 

PnospHAT  OF  Soda. 

This  fait  is  now  the  heft  known  of  the 
alkaline  phofphats,  having  been  introduced 
in  pharmacy  by  Dr.  Pearfon  as  a very  ufeful 
purgative.  It  may  be  prepared  in  feveral  ways. 
The  fimpleft,  but  by  much  the  moll  expenfive 
(and  therefore  never  ufed  in  quantity)  is  firll  to 
prepare  phofphoric  acid  by  the  combuftion  or 
oxygenation  of  phofphorus,  and  then  to  add 
carbonat  of  foda  in  excefs,  to  evaporate,  and 
cryftallize.  This  fait  is  however  adlually  pre- 
pared by  adding  carbonat  of  foda  to  the  phof- 
phoric acid  (or  rather  the  acidulous  phofphat  of 
lime)  procured  by  decompofing  bone-afh  by  ful- 
phuric  acid.  The  method  of  making  this  de- 
compofition  has  been  deferibed  under  the  article 
phofphorus,  and  will  be  further  noticed  when 
treating  of  Phofphat  of  Lime. 

l o obtain  this  fait  pure,  the  fulphuric  acid 
fliould  not  be  more  than  is  fufheient  to  decom- 
pofe  the  *bone-afh,  and  the  fulphat  of  lime 
Ihould  be  allowed  to  precipitate  by  cooling  (af- 
ter concentration  of  the  acid  liquor)  before  the 
alkali  is  added.  The  acid  liquor  is  then  to  be 
diluted  with  fufficient  water,  and  carbonat  of 
foda  added  till  there  is  a very  fenfible  excefs  of 
alkali,  after  which  the  folution  is  to  be  evapo- 
rated confiderably  and  fet  by  to  cryftallize. 
The  phofphat  of  foda  then  feparates  in  large 
well  defined  cryftals,  generally  rhomboidal  or 
prifmatic. 

The  mother  water  is  then  to  be  again  evapo- 
rated, adding  either  foda  or  phofphoric  acid, 
according  as  it  is  too  little  or  too  much  alkaline, 
and  a frefh  crop  of  cryftals  is  obtained. 

This  fait  naturally  contains  and  requires  an 
excefs  of  foda,  for  w'hen  merely  faturated  it 
will  not  cryftallize. 

The  quantity  of  phofphat  of  foda  obtained 
in  general  is  about  equal  to  the  carbonat  of 
foda  employed. 

Another  and  perhaps  a cheaper  way  of  pre- 
paring this  fait  is  given  by  Mr.  Funcke,  a 
German  chemift.'^  Add  to  bone-afh,  diffufed 
in  water,  juft  enough  dilute  fulphuric  acid  to 
faturate  the  carbonat  of  lime  which  it  alw^ays 
contains  in  fmall  proportion,  which  is  known 
by  the  ceflation  of  the  effervefcence.  Then 
diflblve  the  whole  in  nitric  acid  and  add  to 
the  folution  as  much  fulphat  of  foda  as  the 
quantity  of  bone-afli  ufed.  Diftill  the  wdiole 
to  drynefs,  to  recover  the  nitric  acid,  and  the 
refidue  in  the  retort  is  a mixture  of  phofphat  of 


foda  and  fulphat  of  lime,  formed  by  the  mutual 
decompofition  of  the  phofphat  of  lime  and  the 
fulphat  of  foda.  The  phofphat  of  foda  is  then 
feparated  by  folution  and  ciyftallization  in 
the  ufual  manner.  It  Is  obvious  however 
that  if  too  much  fulphat  of  foda  be  added,  the 
excefs  muft  max  with  the  phofphat  of  foda. 
This  admixture  of  fulphat  of  foda  may  be 
dete£led  by  nitrat  or  muriat  of  barytes,  which 
forms  a white  precipitate  with  both  falts,  but 
the  phofphat  of  barytes  is  again  decompofed, 
and  forms  a clear  folution  with  nitric  or  mu- 
riatic acid,  w'hilft  the  fulphat  of  barytes  remains 
untouched. 

Phofphat  of  foda  has  a fimply  faline  tafte 
without  any  thing  naufeous  or  bitter  (in  which 
it  differs  from  many  other  of  the  purgative  falts) 
it  fhews  wfith  vegetable  colours  the  marks  of 
excefs  of  alkali,  it  efilorefees  in  the  air,  but 
only  on  its  furface.*^ 

It  is  one  of  the  moft  foluble  of  the  non- 
deliquefcent  falts,  requiring  no  more  than  four 
parts  of  cold  water,  and  two  of  boiling,  whence 
it  eafily  cryftallizes  from  its  hot  faturated 
folution  on  cooling.  It  is  compofed  according 
to  Thenard®  of  66  per  cent,  of  water  of  cryftal- 
lization,  1 5 of  phofphoric  acid,  and  19  of  foda, 
as  determined  from  the  following  fa£ls,  namely, 
that  100  parts  lofe  66  on  calcination,  and  the 
refidue  decompofed  by  muriat  of  lime  give  33 
of  phofphat  of  lime,,  of  which  the  acid  is 
eftimated  at  15. 

When  heated,  this  fait  melts  in  its  own 
water,  bubbles  and  boils  up,  and  at  laft,  when 
red  hot,  it  fubfides  into  a glafs  which  before 
the  blow-pipe  is  clear  when  hot,  but  on  cooling 
grows  opake,  and  aflumes  nearly  the  form  of 
the  garnet.  This  fingular  property  it  has  in 
common  with  the  phofphat  of  lead.*^ 

The  fulphuric,  nitric,  and  muriatic  acids 
decompofe  it  only  partially,  leaving  in  the 
folution  an  aciduious  phofphat  of  foda.  The 
fame  is  produced  by  adding  phofphoric  acid, 
and  this  fait  is  extremely  foluble,  fcarcely  cryf- 
talllzable,  and  takes  the  form  of  fmall  foft 
brilliant  threads,  like  boracic  acid.s 

The  phofphat  of  foda,  befides  its  ufe  in  medi- 
cine, has  been  employed  with  fome  fuccefs  as  a 
fubftitute  for  borax,  in  the  foldering  of  metals. 

Phosphat  of  Ammonia. 

This  combination  is  found  in  tolerable  abun- 
dance in  urine,  but  united  with  phofphat  of 
foda,  from  which  it  is  fcarcely  poffible  to  fe- 
parate  it,  and  therefore  to  obtain  it  pure,  it  muft 
he  formed  by  the  dire£l  union  of  its  two  in- 
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grcdients.  For  this  purpofe  faturate  the  acid 
liquor  (arifing  from  the  decompofition  of  bone- 
afli  by  fulphuric  acid)  with  pure  ammonia, 
which  will  feparate  the  phofphat  and  fulphat 
of  lime,  and  the  clear  liquor  contains  the  pure 
phofphat  of  ammonia,  if  no  excefs  of  fulphuric 
acid  has  been  employed.  If  carbonat  of  am- 
monia inftead  of  pure  ammonia  be  ufed,  fome 
of  the  phofphat  of  lime  remains  in  folution, 
which  however  may  be  got  rid  of  by  evaporat- 
ing the  clear  liquor  nearly  to  drynefs,  and 
rediffblving  in  cold  water.  The  filtered  folution 
mull  then  be  fuperfaturated  with  ammonia 
carbonated  or  pure,  and  gently  evaporated  to 
the  cryllallizing  point. 

The  form  of  this  fait  Is  a four-fided  prifm 
terminated  pyramidally.  When  the  alkali  is 
not  in  excefs  it  runs  into  fmall  indeterminate 
needles.  The  tafte  is  fliarp  and  cooling. 

This  fait  diflblves  in  four  parts  of  cold  water 
and  in  lomewhat  lefs  of  boiling,  but  not  fo 
much  as  to  cryftallize  by  fimple  cooling  without 
further  evaporation. 

When  heated,  it  melts,  lofes  firfl  Its  water 
with  a portion  of  its  alkali,  and  then  the  reft  of 
the  ammonia  flies  off,  and  nothing  but  pure 
phofphoric  acid  is  left.  Hence  it  is  that  this  is 
the  only  one  of  the  phofphats  from  which 
phofphorus  can  be  procured,  as  in  fa£l,  after 
it  is  red-hot,  it  is  limply  phofphoric  acid. 

The  fulphuric,  nitric,  and  muriatic  acids 
decompofe  this  fait  entirely. 

Phofphat  of  ammonia  is  ufed  confiderably  as 
a flux  for  earths  and  oxyds,*  efpecially  in  ex- 
periments with  the  blow-pipe.  It  becomes  in 
thefe  cafes  only  a convenient  mode  of  apply- 
ing phofphoric  acid,  as  the  alkali  is  totally 
.expelled. 

Phosphat  of  Soda  and  Ammonia.  Micro- 
cc^m  'tc  fait,  or  Fujthle  fait  of  Urine. 

When  any  liquid  containing  phofphoric  acid, 
foda  and  ammonia  (fuch  as  urine  is)  is  evapo- 
rated and  its  faline  contents  obtained  by  cryf- 
talilzation,  thefe  two  phofphats,  or  a portion  of 
one  or  other  of  them,  unite  in  a triple  fait, 
which  is  the  one  in  queftion.  It  will  be  further 
noticed  under  the  article  Urine.,  whence  it  was 
at  lirft  obtained,  but  fome  of  its  properties  may 
be  mentioned  in  this  place. 

It  feems  to  have  no  very  uniform  proportions 
of  ingredients,  for  as  Fourcroy  obferves,  the 
quantity  of  ammonia  is  conftantly  diminilhing 
by  fuccellive  folutions  and  cryftallizations,  and 
ihe  acid  to  which  it  was  united  remains,  ren- 
xtering  therefore  the  remaining  fait  more  and 


more  acidulous;  and  by  long  expofure  to  the 
air  the  whole  ammonia  is  loft.  This  fait 
when  lirft  prepared  has  an  excefs  of  acid  fo 
as  to  turn  fyrup  of  violets  green.  It  efflorefees 
in  the  air.  Diftilled  per  fe  it  gives  an  ammo- 
niacal  water,  and  a little  phofphat  of  ammonia 
alfo  rifes.  Fourcroy  eftimates  the  proportions 
in  ICO  parts  of  this  fait  to  be. as  follows:  viz. 
of  phofphoric  acid  32;  of  foda  24;  of  ammonia 
19;  of  water  25. 

Phosphat  of  Barytes. 

When  any  alkaline  phofphat  is  dropped  Into 
a folution  of  any  barytic  fait,  a heavy  white 
powder  fubfides,  which  is  the  pholphat  of 
barytes.  The  fame  may  alfo  be  prepared  by 
digefting  phofphoric  acid  with  carbonat  of 
barytes,  or  adding  this  acid  to  barytic  water. 

This  fait  is  infoluble  in  water  either  hot  or 
cold,  and  even  in  phofphoric  acid.  The 
fulphuric,  nitric,  and  muriatic  acids  decompofe 
it  by  fimple  eledlive  attraction. 

It  is  fufible  at  a high  temperature,  and  when 
kept  melted  on  charcoal  by  the  blow-pipe  it 
gives  a yellow  phofphoric  flame.** 

It  Is  not  ufed. 

Phosphat  of  Strontian. 

This  fait  may  be  prepared  like  the  former 
either  by  double  decompofition  of  the  earthy 
muriat  or  nitrat,  or  by  the  diredl  union  of  the 
conftituent  parts.  It  is  in  the  form  of  a 
white  heavy  powder,  entirely  infoluble  in  water, 
but  it  differs  from  the  former  fait  in  being 
foluble  in  an  excefs  of  phofphoric  acid.  Before 
the  blow-pipe  on  charcoal  it  melt*  and  gives  a 
purple  flame. 

It  is  entirely  decompofed  by  the  fulphuric 
acid,  but  only  partially  by  the  nitric  and  mu- 
riatic acids,  and  an  acidulous  phofphat  of 
ftrontlan  Is  left.  In  this  it  differs  from  the 
phofphat  of  barytes.  It  is  compofed  according 
to  Vauquelin  of  48.76  per  cent,  of  ftrontian, 
and  41.24  of  phofphoric  acid. 

Phosphat  of  Lime. 

This  is  by  far  the  moft  important  of  the 
earthy  phofphats,  and  is  that  which  has  been 
examined  with  the  moft  attention. 

It  is  found  native  both  as  a mineral  and  as 
a conftituent  part  of  a number  of  animal  organs 
and  fluids.  The  mineral  phofphat  of  lime  is 
deferibed  under  the  article  Apatit,  of  which 
there  are  feveral  varieties  in  the  animal  king- 
dom. Phofphat  of  lime  is  contained  moft 
copioufly  in  Bone,  as  has  been  fully  detailed 
under  that  article. 

It  alfo  forms  the  afh  or  earth  that  remains 
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after  every  foft  animal  organ  has  undergone 
the  utmoft  effe£t  of  fire ; and  it  may  be  de- 
te£Ied  in  folution  in  a great  variety  of  animal 
fluids. 

There  are  at  leaft  two  dates  of  phofphat  of 
lime  which  fhould  be  well  diftingulfhed.  One 
is  that  in  which  the  conftituent  parts  are  fully 
neutralized  fo  as  to  fhew  no  marks  of  excefs 
either  in  acid  or  bafe,  and  in  this  ftate  it  is 
a white  powder,  perfe£lly  infoluble  in  water, 
nearly  infufible,  and  in  appearance  refernbling 
a fimple  earth.  This  is  the  ftate  in  which  it 
exifts  in  bone-afti,  of  which  indeed  it  forms  by 
far  the  greateft  part,  and  was  formerly  called 
the  earth  of  bones. 

The  other  ftate  which  has  been  known  much 
later,  and  which  has  never  been  found  native, 
but  is  only  known  in  the  laboratory,  is  that 
in  which  the  acid  is  greatly  in  excefs,  and  may 
be  here  termed  fuper-phofphat  of  lime.  It  was 
firft  detected  in  the  acid  liquor  that  is  produced 
by  decompofing  bone-afti  by  fulphuric  acid,  is 
acid  to  the  tafte,  and  in  a red  heat  readily  melts 
into  a porous  glafs.  It  was  at  firft  miftaken 
for  pure  phofphoric  acid.  It  is  not  certain 
however  whether  the  proportion  of  phofphoric 
acid  in  this  fpecies  is  conftant,  or  whether  it 
does  not  admit  of  an  indefinite  variety. 

We  fhall  firft  deferibe  the  common  or  neu- 
tral phofphat. 

Phosfhat  of  Lime  may  be  obtained  quite 
pure  either  by  faturating  the  pure  acid  with  mar- 
ble and  then  evaporating;  or  by  wafhing  bone- 
afti  with  hot  water  to  diflblve  out  any  foluble 
fait  which  it  may  contain ; then  adding  a little 
acetous  or  dilute  muriatic  acid  till  the  effer- 
vefcence  ceafes  to  engage  the  carbonat  of 
lime  which  it  contains,  and  again  thoroughly 
edulcorating. 

This  phofphat  of  lime  is  infufible  per  fe  in 
the  moft  intenfe  heat,  the  utmoft  eftecT  of  fire 
being  only  to  reduce  it  to  a porcellanous  frit. 
With  vitrefeent  mixtures  it  makes  glafles  of 
difficult  fufibility,  and  more  or  lefs  opake,  as 
deferibed  in  the  article  Glafs. 

It  is  entirely  infoluble  in  water  hot  or  cold. 

All  the  acids,  even  the  carbonic,  afl  upon  it 
without  difficulty;  but  probably  in  a different 
manner.  If  fulphuric  acid  is  digefted  with  a 
very  fmall  quantity  of  phofphat  of  lime  a clear 
folution  is  effeifled,  which  contains  fulphat  of 
lime,  and  the  acidulous  or  fuper-phojphat  of  lime, 
and  naked  phofphoric  and  fulphuric  acid.  The 
latter  acid  therefore  partially  decompofes  the 
phofphat;  and  the  fuper-phofphat,  together  with 
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the  fulphat  of  lime  thereby  produced,  diffolves 
in  the  excefs  of  acid. 

When  the  proportion  of  phofphat  of  lime  is 
greater,  the  fame  decompofition  takes  place, 
only  the  greater  part  of  the  refulting  -fulphat 
of  lime  remains  undiffolved,  as  is  the  cafe  in 
the  common  treatment  of  bone-afti  with  ful- 
phuric acid. 

It  is  afl'erted  by  Vauquelin'  that  the  nitric 
and  muriatic,  and  fome  other  acids,  aft  in 
the  fame  manner  on  the  phofphat  of  lime,  and 
partially  decompofe  it.  It  is  not  cafy  however  to 
demonftrate  this,  for  when  phofphat  of  lime  is 
digefted  with  thefe  acids,  the  nitric  for  example, 
a clear  folution  is  made,  (every  produft  being 
foluble  whatever  be  the  mutual  aftion  of  thele 
fubftances)  fo  that  the  folution  may  either 
contain  phofphat  of  lime  fimply  diffolved  un- 
decompofed  by  thefe  acids,  or  it  may  confift 
of  fuper-phofphat  of  lime,  nitrat  of  lime,  and 
nitric  acid  in  excefs.  On  adding  an  alkali,  pure 
or  carbonated,  to  the  folution,  a white  pre- 
cipitate falls  down,  which  is  phofphat  of  lime 
as  before,  but  it  is  obvious  that  the  aftion  of 
the  alkali  may  be  either  fimply  to  precipitate 
the  phofphat  of  lime  by  fuperior  affinity  with 
the  nitric  acid;  or,  firft  to  faturate  the  excefs 
of  phofphoric  acid  in  the  fuper-phofphat,  and 
thus  to  bring  it  to  the  ftate  of  neutral  phofphat, 
and  then  to  precipitate  it  by  engaging  the  acid 
which  held  it  in  folution.  If  a pure  alkali  is 
ufed  in  thfe  cafe  the  whole  of  the  phofphat  falls 
down;  if  a carbonated  alkali,  a part  of  the 
phofphat  remains  in  fplution  by  the  help  of 
the  carbonic  acid.  Hence  it  may  be  inferred, 
(which  is  the  faft)  that  even  carbonated  water 
will  diffolve  phofphat  of  lime. 

Phofphat  of  lime  is  produced  alfo  by  double 
decompofition,  on  dropping  a folution  of  any 
phofphated  alkali  into  any  foluble  calcareous 
folution  that  has  not  any  great  excefs  of  acid. 
Vauquelin  alfo  found'^  that  on  boiling  phofphat 
of  foda  with  wet  and  newly  precipitated  carbonat 
of  lime,  the  fame  refult  took  place,  and  carbonat 
of  foda  with  phofphat  of  lime  were  produced. 

The  oxalic  acid  added  to  phofphat  of  lime 
diffolved  in  any  weak  acid  feparates  almoft  the 
whole  of  the  lime  in  the  form  of  oxalat  of  lime, 
and  oxalat  of  ammonia  appears  to  feparate 
the  whole.  From  analogy  it  -is  probable  that 
fulphat  of  ammonia  would  have  the  fame  effeft. 

The  proportion  of  ingredients  in  this  phof- 
phat as  forming  bone-afli,  are  ftated  by 
Vauquelin  to  be  41  per  cent,  of  phofphoric 
acid  and  59  of  lime.  But  the  phofphat  formed 
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by  faturating  phofphoric  acid  (arlfing  from  the 
oxygenation  of  phofphorus  by  combuftion  and 
nitric  acid)  with  marble,  is  ftated  by  Klaproth* 
to  contain  only  30.5  per  cent,  of  acid. 

The  ufes  of  phofphat  of  lime  are  mentioned 
under  the  article  Bone. 

SupjiR  Phosphat  of  Lime,  or  Acidu- 
lous Phosphaf. 

The  pi'eparation  of  this  fait  fi'om  bone-alli 
and  fulphuric  acid  has  been  particularly  men- 
tioned under  the  article  Phofphorus,  being  that 
acid  fubftance  which  was  generally  miltaken 
for  pure  phofphoric  acid  till  the  nature  of 
this  fait  was  explained. 

When  diflilled  with  charcoal  all  the  excefs 
of  acid,  which  makes  the  difference  between 
the  neutral  and  the  fuper-phofphat,  is  decom- 
pofed  by  the  charcoal  and  yields  phofphorus  in 
proportion,  and  the  neutral  phofphat  remains 
in  the  retort. 

The  proportion  of  acid  to  lime,  hov/ever, 
appears  to  vary  confiderably,  for  Berthollet™ 
found  that  on  wafliing  with  water  the  fuper- 
phofphat  depofited  during  the  concentration  of 
the  folution  from  bone-afh  and  fulphuric  acid, 
it  refolved  itfelf  into  two  portions,  one  of  which 
diffolved  in  the  water  and  the  other  not. 

This  fuper-phofphat  of  lime  is  prepared  with 
moft  accuracy  by  digefting  phofphat  of  lime  in 
phofphoric  acid  till  it  is  faturated.  This  folution 
yields  the  fait  by  evaporation  in  the  form  of 
I'mall  fliining  fcales  or  filaments"  which  have 
almoll  a gelatinous  confiftence,  and  a very  four 
tafte.  This  is  the  Hate  in  which  the  phofphat 
of  lime  is  contained  in  frefh  urine.  This  fait 
is  fomewhat  deliquefcent,  is  foluble  in  w'ater, 
more  in  hot  than  cold,  fo  as  to  cryltallize  by 
cooling.  When  heated  it  melts,  fwells,  and 
finally  vitrifies  at  a moderate  red  heat.  The 
glafs  is  opake  till  the  fufion  is  compleat,  and  it 
then  becomes  clear,  fo  that  opacity  is  not  a 
conftant  fign  of  the  prefence  of  lime,  as  has 
been  fuppofed.  Tliis  glafs  is  not  in  the  leall 
deliquefcent,  is  infipid,  and  infoluble  in  water, 
in  all  which  circumftances  it  differs  from  the 
vitreous  phofphoric  acid.  Charcoal  decompofes 
it  after  being  vitrified,  as  much  as  before,  but 
probably  with  more  difficulty. 

The  acids  probably  do  not  acf  upon  this  fait 
except  fimply  to  diffolve  it.  All  the  alkalies  and 
earths  reduce  it  to  the  ffate  of  neutral  phofphat 
by  faturating  the  excefs  of  alkali,  and  caufe 
^lie  phofphat  to  precipitate. 

If  a large  quantity  of  alcohol  is  added  to  a 


folution  of  the  fuper-phofphat  of  lime  it  takes 
up  much  of  the  excefs  of  acid,  without  a pro- 
portional quantity  of  the  lime;  fo  that  the 
remainder  is  left  in  a llate  more  approaching  to 
the  neutral  phofphat. 

The  compofition  of  this  fait  when  prepared 
by  phofphoric  acid  and  phofphat  of  lime,  ac- 
cording to  Vauquelin,  is  54  per  cent,  of  phof- 
phoric acid  and  46  of  lime,  and  of  this  quantity 
of  acid,  about  32  parts  are  required  to  laturate 
the  lime  in  the  proportions  belonging  to  the 
neutral  phofphat,  leaving  therefore  22  parts  of 
excefs  of  acid,  w'hich  alone  can  be  decompofed 
by  charcoal.  Hence,  according  to  this  eftima- 
tion,  100  parts  of  the  acidulous  phofphat  will 
yield  no  more  phofphorus  than  can  be  obtained 
from  22  parts  of  pure  phofphoric  acid. 

Phosphat  of  Magnesia. 

This  fait  may  be  prepared  either  by  fatura'ting 
phofphoric  acid  with  carbonat  of  magnefia  and 
evaporating  to  the  cryftallizing  point ; or  by 
double  decompofition,  by  adding  phofphat  of 
foda  to  the  fulphat  or  any  other  fait  of  mag- 
nefia. When  the  two  latter  are  added  in  a 
confiderably  concentrated  folution,  after  fome 
hours  the  phofphat  of  magnefia  depolits  in 
tranfparent  and  irregular  cryftals,  and  the  clear 
liquor  contains  fulphat  of  foda. 

This  fait  requires  50  parts  of  cold  water  for 
its  folution,  but  lefs  of  boiling  water.  The 
fulphuric,  nitric,  and  muriatic  acids,  decompofe 
it  entirely,  as  do  the  fixed  alkalies,  lime,  barytes, 
and  flrontian,  but  ammonia  only  partially, 
forming  a triple  fait. 

Phofphat  of  magnefia  melts  in  a red-heat 
into  a perfe6t  glafs. 

It  is  not  ufed. 

It  is  contained  naturally  in  urine. 

Phosphat  of  Ammonia  and  Magnesia. 

This  triple  combination  was  difcovered  by 
Fourcroy  in  a calculus  found  in  a horfe’s 
inteftine,  and  fince  that  time  it  has  been  de- 
teded  in  the  bones  of  moll  animals  in  fmall 
quantity.  The  mode  of  analyfis  is  defcribed 
under  the  article  Bone.  It  is  formed  diredfly 
by  adding  phofphat  of  ammonia,  or  ammonia, 
or  its  carbonat  to  phofphat  of  magnefia;  and  it 
alfo  is  depofited  by  adding  phofphat  of  foda  to 
any  triple  ammoniacal  fait  of  magnefia.  On 
this  fact  Dr.  Wollafton  has  fuggefted  a conve- 
nient way  of  feparating  and  eftimating  magnefia 
when  ill  folution,  with  or  without  other  earths 
in  any  acid,  which  may  be  here  mentioned. 

Add  to  the  folution  in  muriatic  acid  (for 
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example)  feme  fuper-carbonat  of  ammonia, 
(made  by  expofing  the  common  carbonat  to  the 
air  till  it  lofes  its  feent)  which  will  faturare  the 
acid  and  precipitate  the  other  earths,  but  not 
the  magnefia,  being  held  diflblved  by  the  excels 
of  carbonic  acid.  To  the  folution  (which  now 
contains  muriat  of  ammonia  and  carbonat  of 
magnefia,)  then  add  a cold  faturated  folution 
of  phofphat  of  foda,  and  in  a very  Ihort  time 
the  whole  will  be  turbid  with  a white  powder, 
which  foon  fubfides,  and  is  the  ammoniaco- 
magmfian  phofphat. 

Dr.  MarcetP  eftimates  loo  grains  of  this  fait 
dried  at  loo®  to  contain  19  of  magnefia. 

This  triple  fait  is  fcarcely  foluble  in  water, 
in  which  refpe£l  it  differs  remarkably  from  the 
fimple  phofphat  of  magnefia.  By  heat  the 
ammonia  flies  off,  and  it  is  reduced  to  the  fimple 
phofphat. 

On  diftilling  it  with  charcoal  it  gives  a little 
phofphorus,  owing  to  the  decompofition  of  that 
part  of  the  phofphoric  acid  which  exceeds  the 
proportion  belonging  to  the  fimple  phofphat  of 
magnefia  in  a given  quantity  of  the  fait. 

The  ftronger  acids  compleatly  decompofe  it, 
and  naked  phofphoric  acid  is  left  in  the  folution. 
The  fixed  alkalies  and  alkaline  earths  alfo  de- 
compofe it,  but  by  expelling  the  ammonia  and 
uniting  to  the  acid,  in  which  cafe  the  magnefia 
is  left  uncombined. 

PHOSPHITES. 

Thefe  falts^  refult  from  the  combination  of 
the  Phofphoreous  acid  (already  deferibed)  with 
the  feveral  bafes,  and  were  frequently  con- 
founded with  the  phofphats,  owing  to  the 
indiferiminate  ufe  of  the  acid  refulting  from  the 
flow  combuflion  of  phofphorus  and  of  the  fully 
oxygenated  acid,  till  their  characteriftic  proper- 
ties were  pointed  out  in  a feries  of  experiments 
undertaken  by  Vauquelin,  and  publifhed  in  the 
Journal  de  I’Ecole  Polytechnique.'* 

The  phofphites  have  fome  properties  in  com- 
mon by  which  they  may  be  particularly  dif- 
tinguifhed  from  the  phofphats.  The  mofi: 
flriking  of  thefe  is  that  they  all  yield  a fmall 
quantity  of  phofphorus  by  diftillation  without 
addition,  and  when  melted  by  the  blow-pipe 
even  on  an  incombuftible  fupport,  they  give 
out  a very  brilliant  light,  owing  to  the  excefs 
of  phcfphorus  burning  off. 

Thefe  falts  alfo  precipitate  gold  from  its 
folutions  in  a metallic  Hate,  and  detonate  by 
percuffion  when  mixed  with  oxymuriat  of 
potafli. 

Their  tafte  alfo  Is  not  fimply  faline  like  the 
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phofphats,  but  Is  mixed  with  fomething  pungent 
and  alliaceous. 

It  would  be  fuppofed  from  analogy  with  tlie 
fulphites,  that  the  phofphites  would  ftill  more 
rapidly  than  the  latter  falts,  abforb  oxygen  from 
the  air  fullicient  to  compleat  their  acidification, 
confidering  the  great  eafe  with  which  the  firfl 
degree  of  acidification  takes  place  in  the  air. 
The  contrary  however  takes  place,  for  the 
folutions  of  the  phofphites  may  remain  for 
months  in  full  contaft  witli  the  atmofphere 
before  this  change  takes  place,  whereas  the  fame 
change  takes  place  in  the  fulphites  in  a few 
days  in  fimilar  circumflances.  This  difference 
is  ingenioufly  explained  by  Vauquelin  on  the 
known  principle  in  chemical  affinity,  that  any 
decompofition  is  favoured  by  adding  to  the 
fubflances  in  a£Hon  any  body  with  which  the 
new  compound  has  an  affinity,  and  of  courfe 
the  ftronger  this  affinity  is,  the  more  readily 
will  the  decompofition  take  place.  Thus  in  the 
inftances  here  mentioned,  the  compleat  oxyge- 
nation of  the  phofphoreous  acid  in  the  phofphite 
is  favoured  by  the  affinity  of  the  phofphoric  acid 
(when  produced)  with  the  alkaline  or  earthy 
bafis  prefent,  and  the  fame  with  the  fulphureous 
and  fulphuric  acid.  But  both  the  a£lual  affinity 
of  the  fulphuric  acid  with  thefe  bafes  is  ftronger 
than  that  of  the  phofphoric,  and  the  difference 
between  the  affinity  of  the  fulphuric  and  the 
fulphureous  acids  for  the  fame  bafes  is  greater 
than  that  between  the  phofphoric  and  phof- 
phoreous, and  it  is  probably  from  this  caufe 
that  the  compleat  oxygenation  of  the  fulphites 
is  fo  much  quicker  than  that  of  the  phofphats. 

All  the  phofphites  are  readily  changed  to 
phofphats,  either  by  applying  a red  heat,  which 
burns  «)ff  the  excefs  of  phofphbrus,  or  by 
treating  with  nitric  or  muriatic  acid,  which 
compleats  their  acidification. 

The  alkaline  phofphites  can  only  be  prepared 
by  the  dii'ecl  combination  of  the  bafe  with  the 
phofphoreous  acid,  and  not,  (like  the  fulphites 
from  the  fulphats)  by  deoxygenation  of  the 
phofphats  by  carbonic  matter. 

The  individual  phofphites  may  be  briefly 
noticed. 

Phosphite  op  Potash. 

This  fait  eafily  cryftallizes  on  cooling  a hot 
faturated  folution  of  it,  and  takes  the  form  of  a 
four-fided  prifm  with  a dihedral  fummit. 

It  is  foluble  in  three  parts  of  cold  water  and 
lefs  of  boiling.  When  heated  to  rednefs  tlie. 
excefs  of  phofphorus  burns  off,  and  the  refidne 
which  is  an  opake  glafs,  is  fomewhat  alkaline. 
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It  is  compofed,  according  to  Vauquelin,  of 
49.43  per  cent,  of  potafh;  39*47  of  phofpho- 
reous  acid  5 and  1 1 of  water  of  cryftallization. 

Phosphite  of  Soda. 

This  fait  is  prepared  like  the  laft-mentioned, 
but  chiefly  by  the  help  of  evaporation.  Two 
parts  of  cold  water  diflblve  it,  and  fomewhat 
lefs  of  boiling.  The  folution  gently  evaporated, 
depofits  the  fait  generally  in  the  form  of  feathery 
cryftals  like  fal-ammoniac. 

It  is  compofed  of  23.68  of  foda;  16.32  of 
phofphoreous  acid ; and  60  of  water. 

Phosphite  of  Ammonia. 

This  fait  has  a ftrong  pungent  taflre,  cryftal- 
lizes  in  long  tranfparent  needles  that  climb  the 
fides  of  the  velTel  that  contains  the  folution;  is 
foluble  in  two  parts  of  cold  water,  and  much 
lefs  of  boiling. 

When  heated  before  the  blow-pipe  on  a 
metal  fpoon,  it  fwells,  boils,  and  in  a few 
feconds  gives  out  a great  quantity  of  phofphu- 
retted  hydrogen  gas,  which  takes  fire  in  the  air, 
with  its  ufual  appearance  of  a circular  wreath 
of  fmoke.  Diftilled  in  a retort,  liquid  ammonia 
is  firfl;  difengaged,  wdiich  is  fucceeded  by  fub- 
phofphuretted  hydrogen,  which  is  lunnnous  in 
the  air,  but  does  not  inflame  like  the  former, 
and  finally  pure  phofphoric  acid  is  left  in  the 
retort. 

This  fait  added  to  nitrat  of  mercury  precipi- 
tates a white  phofphite  of  mercury,  Mdiich  turns 
grey  in  the  light. 

Phofphite  of  ammonia  is  decompofed  by  the 
fixed  alkalies,  and  alkaline  earths,  which  unite 
with  the  acid  and  difengage  ammoniacal  vapours. 

It  is  compofed  of  51  per  cent,  of  ammonia, 
26  of  phofphoreous  acid,  and  23  of  w-ater. 

Phosphite  of  Lime.  * 

Phofphoreous  acid  added  to  lime  water  forms 
a white  precipitate,  which  is  the  phofphite  of 
lime,  i'his  is  infoluble  in  water  except  with 
an  excefs  of  acid,  in  which  cafe  it  may  be 
obtained  by  evaporation  in  hard  minute  cryftals. 
This  fait  is  decompofed  by  mofl  of  the  mineral 
acids,  and  by  thofe  vegetable  ones  that  pro- 
duce an  infoluble  fait  with  lime,  fuch  as  the 
oxalic,  citiic,  and  tartareous.  Phofphite  of 
lime  is  compofed  of  51  per  cent,  of  lime;  34  of 
acid ; and  1 5 of  v/ater. 

Phosphite  of  Barytes. 

This,  like  the  former  is  infoluble  In  water 
without  addition,  though  not  abfolutely  fo,  fince 
when  digefted  in  water,  lime  water  added  to 
the  clear  liquor  caufes  a cloudinefs,  owing  to 
the  decompofition  of  the  phofphite  of  barytes, 
and  formation  of  phofphite  of  lime.  The  folu- 


billty  of  phofphite  of  barytes  much  Increafesby 
an  excefs  of  acid.  This  fait  is  decompofed  by 
oxalic  acid,  which  forms  a cryftalline  depofit  of 
oxalat  of  barytes  after  remaining  with  it  for 
a time. 

When  phofphite  of  barytes  is  heated  by  the 
blow-pipe  it  becomes  luminous,  as  all  the 
phofphites  do,  but  in  this  inltance  the  light  is' 
fo  dazzling  that  the  eye  cannot  fafely  bear  it. 

It  is  compofed  of  51*23  per  cent,  of  barytes; 
41.77  of  phofphoreous  acid;  and  7.  of  water. 

Phosphite  of  Magnesia. 

This  fait,  like  the  laft,  is  fcarcely  foluble 
except  with  excefs  of  acid.  It  is  compofed  of 
20  of  magnefia;  44  of  acid;  and  36  of  water. 
The  fixed  alkalies  and  the  alkaline  earths  de- 
compofe  it  entirely,  but  ammonia  only  partially, 
and  forms  with  the  remainder  a triple  fait. 
PHOSPHORUS  Catitons  \ See 
PHOSPHORUS  Bald’iuimj  Phosphoki. 
PHOSPHORI. 

In  the  preceding  defcription  of  Kunckel’s 
phofphorus  we  have  mentioned  that  when  ex- 
pofed  to  the  air  at  the  common  temperature,  it 
gives  out  a very  confiderable  quantity  of  light 
without  any  fenfible  emilTion  of  heat.  Now 
there  are  many  fubftances  M'hich,  however  dif- 
ferent from  common  phofphorus  in  other  re- 
fpects,  agree  with  it  in  prefenting  the  above 
phenomenon  under  particular  circumftances, 
on  which  account  they  are  all  popularly  clalTed 
together  under  the  general  term  Phcfphori.  Of 
thefe  we  fhall  now  proceed  to  mention  the 
principal  fafts  that  have  been  as  yet  difcovered. 

There  are  three  leading  divifions  of  phofpho- 
refcent  fubftances. 

The  firft  comprehends  thofe  which  require  a 
previous  expofure  to  the  folar  or  other  light  in 
order  to  become  luminous;  whence  they  are 
called  Solar  phofpbori. 

The  fecond  Includes  thefe  which  without  any 
neceffary  previous  expofure  to  light  become 
luminous  when  moderately  heated;  Phofpbori 
from  beat. 

The  third  Includes  thofe  fubftances,  belong- 
ing to  the  animal  and  vegetable  kingdoms, 
which  emit  light  fpontaneoufly  at  the  common 
temperature  without  the  neceffity  of  previous 
expofure  to  light;  Spontaneous  phofphari. 

§ I . Solar  phofpbori. 

A cafual  difeovery  by  Vincenzio  Cafcarlolo, 
a fhoe-maker  of  Bologna,  about  1630,  was  the 
first  circumftance  that  attra£ted  the  notice  of 
pliilofophers  to  this  curious  fubjeft.  This 
man  being  in  queft  of  fome  alchemical  fecret 
was  induced  to  calcine  a parcel  of  Bolognian 
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fpar,  (a  fubfpecies  of  heavy  spar,  or  native 
fulphat  of  barytes)  which  he  had  procured 
from  iVIonte  Paterno  in  the  neighbourliood  of 
the  city;  and  obferved  that  whenever  this  lub- 
ftance  thus  prepared  was  placed  in  a dark  room, 
after  having  been  expofed  to  the  fun,  it  conti- 
nued to  emit  faint  rays  of  light  for  fome  hours 
afterwards.  In  confequence  of  this  interefting 
difcovery  the  Bolognian  fpar  came  into  confi- 
derable  demand  among  natural  phllofophers, 
and  the  curious  in  general,  fo  that  the  beft 
method  of  preparing  it  became  an  obje£l;  of 
even  fome  pecuniary  Importance.  The  family 
of  Zagoni  were  the  moft  fuccefsful  in  this  pur- 
fuit,  and  in  confequence  furnilhed  large  quanti- 
ties of  Bolognian  pnofphorus  to  all  parts  of  Eu- 
rope till  the  fubfequent  difcovery  of  more  pow- 
erful phofphori  put  an  end  to  their  monopoly. 
The  particular  procefs  employed  by  tlie  Zagonis 
is  not  known,  but  we  learn  from  Kircher  that 
if  the  mineral  is  finely  pulverized  and  then 
beaten  up  into  a pafte  with  white  of  egg  or 
linfeed  oil,  and  calcined  in  the  open  fire,  it  will 
after  expofure  for  a minute  to  the  light  exhibit 
its  phofphorcfcent  quality.  Many  years  after- 
wards Marggraaf  in  analyfing  other  varieties  of 
fulphated  ba»"ytes  found  that  they  were  all  ca- 
pable of  being  made  into  phofphori  by  form- 
ing them,  when  pulverized,  into  thin  cakes 
with  gum  tragacanth  or  other  mucilage,  and 
then  carefully  calcining  them  at  a red  heat. 
Some  management  however  is  requifite  In  con- 
ducing the  calcination  that  It  may  be  neither 
too  much  nor  tbo  little,  by  either  of  which 
faults  the  luminous  quality  is  very  materially 
Injured. 

In  the  year  1677,  or  nearly  half  a century 
after  the  difcovery  of  the  Bolognian  phofpho- 
rus,  G.  A.  Baldwin,  a native  of  Mifnia,  ob- 
ferved that  if  nitrat  of  lime  was  evaporated  to 
drynefs  and  then  formed  into  a compaC  mafs 
by  fufion  at  a red  heat,  it  would  exhibit  the 
fame  property  of  imbibing  and  emitting  light  as 
the  former  only  fomewhat  inferior  in  degree; 
hence  this  preparation  obtained  the  name  of 
Baldwin’s  phofphorus. 

No  other  difcovery  of  much  moment  was 
made  on  this  fubjeC  till  the  year  173c,  when 
M.  du  Fay,  fo  celebrated  for  his  eleCrical  re- 
fearches,  turned  his  attention  that  way.  He 
obferves  that  all  earthy  fubftances  fufceptible  of 
calcination  either  by  mere  fire  or  when  afiifted 
by  the  previous  aCion  of  nitrous  acid,  pollefled 
the  property'of  becoming  more  or  lefs  luminous 
when  calcined  and  expofed  for  a fliort  time  to 
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the  light.  Thofe  that  exhibited  this  quality  In 
the  greateft  perfeCion  were  found  to  be  lime- 
ftone  and  many  other  kinds  of  carbonated  lime, 
gypfum,  and  particularly  the  topaz  ; fome  dia- 
monds were  alfo  obferved  to  be  luminous  by 
fimple  expofure  to  the  fun’s  rays  without  being 
previoufly  Ignited;  but  flint,  fand,  jafper,  agate, 
and  rock'cryftal,  were  found  to  be  incapable  of 
becotning  phofphorefcent. 

Shortly  after  thefe  interefting  difeoveries  of 
M.  du  Fay  the  fubjeC  was  taken  up  by  Beca- 
ria*,  who  greatly  enlarged  the  lift  of  phofpho- 
refcent fubftances  and  found  that  a vail:  variety 
of  bodies  were  convertible  into  phofphori  by 
the  mere  light  of  the  fun;  this  he  obferved  to 
be  particularly  the  cafe  with  regard  to  the  dif- 
ferent varieties  of  carbonat  and  fulphat  of  lime, 
organic  animal  remains,  and  geodes  lined  with 
minute  cryftals  of  quartz ; moft  compound 
falts  when  clear  and  cryftalllzed,  particularly 
Glauber’s  fait,  nitre,  and  borax,  were  alfo  found 
to  be  phofphorescent;  of  vegetable  fubftances, 
all  the  farinaceous  and  oily  feeds,  all  the  gums 
and  feveral  of  the  refins,  the  white  woods,  and 
vegetable  fibre  either  in  the  form  of  paper  or 
linen,  alfo  ftarch,  and  loaf  fugar,  proved  to  be 
good  phofphori  after  being  made  thoroughly 
dry  and  expofed  to  the  dire£t  rays  of  the  fun; 
fundry  animal  matters  by  a fimilar  treatment 
were  alfo  converted  Into  good  phofphori,  par- 
ticularly bone  either  frefli  or  calcined,  finew, 
glue,  hair,  horn,  hoof,  feathers,  and  fliells  of 
fifh.  He  alfo  difeovered  that  this  property 
might  be  communicated  to  rock  cryftal  and 
fome  of  the  gems  by  rubbing  them  againft 
each  other  fo  as  to  roughen  their  furface,  and 
then  placing  them  for  fome  minutes  in  the  fo- 
cus of  a lens  by  which  the  rays  of  light  were 
concentrated  upon  them  at  the  fame  time  that 
they  were  alfo  moderately  heated. 

In  the  year  1768,  Mr.  Canton’’  contributed 
fome  Important  facts  relative  to  folar  phofjiliori, 
and  communicated  a method  of  preparing  a 
very  powerful  one,  which  after  the  inventor  Is 
ufually  called  Can'on’ s phofphorus.  It  is  thus 
made.  Calcine  oyfter  flielis  in  the  open  fire 
for  half  an  hour,  then  felect  the  whiteft  and 
largeft  pieces  and  mix  them  with  flowers  of 
fulphur  in  the  proportion  of  one  part  of  the 
latter  to  three  parts  of  the  former,  pack  the 
whole  clofely  into  a crucible,  lute  on  a cover, 
and  heat  it  pretty  ftrongly  for  one  hour;  w'hen 
the  crucible  has  again  become  quite  cold  turn 
out  its  contents,  and  felecl  the  whiteft  pieces  for 
ufe. 
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The  lafl  perfon  who  has  paid  much  attention, 
to  the  fubjcct  of  folar  phofphori  is  Mr.  B. 
Willbn,  by  whofe  very  able  experiments  fome 
important  errors  of  Becaria  have  been  rebfified 
and  to  wJiom  the  difcovery  is  due  of  the  fim- 
plell  and  molt  powerful  of  all  the  phofphori 
belonging  to  this  clafs.  Wiljon' s pkofphortis  is 
thus  prepared.  ‘^Seledi;  a fcore  of  oyller  fhells, 
the  thicker  they  are  the  better,  then  take  molt 
of  the  flaming  coals,  but  not  all  of  them,  oft'  a 
hre  that  is  burning  brilkly,  drew  the  fhells  over 
the  furface  and  replace  the  coals  that  have  been 
taken  off.  In  about  an  hour’s  time  take  out 
the  calcined  fhells  obferving  to  break  them  as 
little  as  poifible,  and  after  expofing  them  for  a 
few  minutes  to  the  light  they  will  be  found  to 
have  acquired  a high  degree  of  phofphorefcence 
glowing  in  the  dark  in  a very  beautiful  manner, 
with  moll:  of  the  prifrnatic  colours.  It  is  not 
however  abfolutely  neceft'ary  that  the  fliells 
fnould  be  calcined  in  the  open  fire,  for  if  they 
are  heated  fufficiently  in  a clofe  crucible  they 
will  exhibit  prifrnatic  colours,  chiefly  blue  and 
green,  though  not  fo  bright  as  by  the  former 
method.  If  the  calcination  is  effecled  in  an 
iron  crucible,  all  thofe  parts  of  the  fliells  that 
are  in  contaifi:  with  the  fules  of  the  crucible 
will  glow  wdth  a red  light.  The  contadl  of 
inflammable  matter,  and  particularly  charcoal, 
with  the  fhells  during  their  calcination  appears 
eminently  to  contribute  to  the  brilliancy  of  the 
phofphorus*,  hence  It  is  that  if  the  fliells  are 
calcined  in  a crucible  in  contabf  with  thin  plates 
of  fteel,  the  phofphorus  thus  produced  will  be 
much  more  bright  and  of  more  various  colours 
than  where  plates  of  iron  are  employed;  and 
on  the  other  hand  if  flat  pieces  of  charcoal  are 
made  ufe  of,  the  intenfity  of  the  colours,  efpe- 
cially  the  blue,  green,  and  red,  is  far  greater 
than  in  thofe  produced  by  the  fteel. 

In  conducting  experiments  on  folar  phof- 
phori, as  the  light  from  many  of  them  is  very 
evanelcent,  fome  contrivance  is  neceffary  that 
they  may  be  prefented  to  the  eye  immediately 
on  their  removal  into  the  dark,  all  other  liglit 
being  at  the  fame  time  carefully  excluded.  For 
this  purpofe  it  is  convenient  to  have  a fmall 
clofet  painted  black  on  the  infide,  and  witli  a 
black  curtain  hung  up  before  the  door;  the 
window  of  the  clofet  fliould  be  accurately 
clofed  with  a wooden  fliuttev  lined  with  black 
cloth  and  a t'hick  curtain  of  the  fame  colour. 
In  the  in  utter  fhould  be  a fmall  llider  through 
which  a perfon  within  the  clofet  may  expofe 
any  fubftance  to  Uie  light,  at  the  fame  time  that 
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the  interpofed  curtain  prevents  any  external  ray« 
from  reaching  the  eyes  of  the  experimenter,  by 
which  even  the  weakefl  degree  of  phofphoref- 
cence w'ill  fcarcely  efcape  his  obfervation. 
Laftly,  to  provide  for  a due  fupply  of  frefh  air, 
two  pieces  of  curved  pipe  made  of  any  opake 
material  fliould  be  fixed  in  the  door,  the  one  at 
the  top  and  the  other  near  the  bottom.  In  a 
room  thus  conftrufted  the  following  appear- 
ances may  be  perceived. 

Any  of  the  phofphori  mentioned  above,  af- 
ter expofure  to  the  light  for  half  a minute  or 
lefs,  being  introduced  into  the  clofet,  will  be 
obferved  to  emit  light  for  a longer  or  fhorter 
time,  becoming  by  degrees  more  and  more  dim 
till  their  luminoufnefs  entirely  ceafes.  To  pro- 
duce this  quality  in  fome  the  diredf  rays  of  the 
fun  are  neceft'ary,  but  in  others,  particularly 
the  calcareous  and  barytic  phofphori,  the  com- 
mon light  of  day  is  quite  fufficient;  in  all  how- 
ever the  light  is  greater  w'hen  the  weather  is 
dry  and  warm,  than  when  it  is  cold  and  wet. 
The  colour  of  the  light  in  moft  cafes  is  white 
or  reddifli  white,  but  in  Wilfon’s  phofphorus 
not  only  white  but  all  the  prifrnatic  colours 
make  their  appearance,  fomeiimes  being  all 
united  in  a Angle  fpecimen,  at  other  times  each 
piece  exhibiting  only  one  or  two  colours.  In 
every  fpecies  of  folar  phofphorus  the  light  after 
having  been  extinguifhed  may  be  renewed  for 
any  number  of  times  without  the  fmalleft;  appa- 
rent diminution  of  brilliancy  by  fimple  re-ex- 
pofure  for  a few  feconds  to  the  light. 

If  while  the  phofphorus  Is  prefented  to  the 
light  it  is  moderately  heated,  its  luminoufnefs 
will  by  this  means  be  very  fenfibly  augmented. 
Thus  if  a common  box  fmoothing  iron  heated 
in  the  ufual  manner  be  placed  for  half  a minute 
on  a flieet  of  dry  white  paper,  and  the  paper  be 
then  expofed  to  the  light,  and  afterwards  exa- 
mined in  the  dark  clofet,  it  will  be  found  that 
the  whole  paper  will  be  luminous,  that  part 
however  on  w'hich  the  iron  had  flood  being 
much  more  fliining  than  the  reft. 

The  eft'edts  of  a variation  in  temperature  on 
phofphori  after  having  been  expofed  to  the 
liglit  are  alfo  very  remarkable.  If  a thin  glafs 
tube  be  filled  with  Canton’s  or  Wilfon’s  phof- 
phorus, and,  as  foon  as  it  Is  brought  into  the 
dark  clofet,  be  plunged  half  way  into  a freez- 
ing mixture  for  a few  minutes,  it  will  be  found 
on  again  withdrawdng  the  tube  that  the  cold 
portion  is  much  lefs  luminous  than  the  other, 
and  If  the  freezing  mixture  has  been  fufficiently 
powerful,  it  will  be  entirely  extinguifhed.  Thw 
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however  Is  by  no  means  an  exhauftlon  but  only 
a fufpenfion  of  the  luminous  property,  for  as 
the  dark  part  of  the  tube  begins  to  acquire  the 
temperature  of  the  furrounding  air  its  light  will 
return,  and  it  will  continue  to  lliine  longer  than 
the  other  part  of  the  tube  in  proportion  to  the 
time  that  it  was  kept  in  the  freezing  mixture. 
Hence  it  may  be  inferred,  that  at  a very  low 
temperature  the  prefent  clafs  of  folar  pholphori 
would  ceafe  to  exift. 

As  cold  retards  fo  heat  quickens  the  emifllon 
of  light  from  phofphoric  fubftances.  Thus  if 
the  tube  mentioned  in  the  laft  paragraph,  be 
dipped  half  way  into  boiling  water,  a great  in- 
creafe  of  brightnefs  will  be  perceived  in  the 
immerfcd  portion,  which  in  a minute  or  lefs 
will  be  fucceeded  by  entire  darknefs,  while  the 
part  not  heated  will  fhine  much  longer,  though 
with  lefs  fplendor. 

If  any  of  thefe  phofphori  after  having  been 
kept  in  the  dark  till  it  is  totally  extinguiflied,  be 
placed  (without  any  further  expofure  to  the 
light)  in  the  warm  hand,  its  luminoufnefs  will 
be  for  a ftiort  time  renewed  ; if  after  the 
warmth  of  the  hand  has  ceafed  to  produce  any 
elFe£l:,  it  be  placed  in  boiling  water,  a further 
emilllon  of  light  will  take  place,  and  finally  it 
may  be  entirely  exhaufted  of  its  light  by  being 
placed  on  a metallic  plate,  heated  nearly  to  red- 
nefs.  Hence  it  appears  that  there  are  two 
caufes  of  the  extraordinary  brightnefs  exhibited 
by  folar  phofphorus  when  ftrongly  heated  im- 
mediately on  being  introduced  into  the  daik 
room;  in  the  firfl  place  there  is  a greater  quan- 
tity of  light  aolually  given  out,  and,  fecondly, 
the  whole  is  difeharged  in  perhaps  a twentieth 
of  the  time  in  which  even  a part  would  be 
exhaufted  at  the  common  temperature. 

With  regard  to  the  origin  of  the  light  in 
thefe  fubftances  there  are  two  theories.  Ac- 
cording to  the  one  it  is  fimply  the  folar  light 
which  has  been  previoufly  imbibed  by  them ; 
and  according  to  the  other  it  is  the  inherent 
light  of  the  phofphoric  fubftance  itfelf.  In 
favour  of  the  firft  hypothefis  it  may  beobferved 
that  the  phofph#refcence  cannot  take  place 
without  previous  expofure  to  the  light,  and  that 
the  period  of  its  greateft  brilliance  is  the  mo- 
ment of  its  being  placed  in  the  dark,  whence  it 
regularly  and  rapidly  diminifhes  till  it  is  totally 
extinguiflied.  But  the  ftrongeft  proof  of  the 
truth  of  this  theory  is  an  experiment  related  by 
Becaria,  in  which  he  affirms,  that  thofe  phof- 
phori which  under  the  ufual  circumftances 
emit  a white  light,  give  out  coloured  rays  in 
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the  dark,  correfponding  to  thofe  which  they  re- 
ceive from  the  fun,  with  the  interpoGtion  of  a 
plate  of  coloured  glafs.  Many  doubts  however 
have  arifen  as  to  the  accuracy  of  the  fa£f  hei’c 
mentioned.  Du  Fay’s  experiments  made  be- 
fore tliQfe  of  Becaria,  lead  to  a direftly  oppofite 
refult,  the  light  emitted  by  the  phofphorus  be- 
ing of  the  fame  tint  whatever  was  the  colour 
of  the  glafs  through  which  the  rays  paflixl  to 
the  phofphorus.  In  like  manner  M.  Bourrict 
on  repeating  the  experiments  of  Becaria,  en- 
tirely failed  in  producing  the  efte£l;s  faid  by  the 
latter  to  have  taken  place;  nor  was  M.  Magel- 
lan more  fuccefsful.  Mr.  Wilfon  has  examined, 
this  part  of  the  fubje£t  confiderably  at  length, 
with  the  following  refults.*  A piece  of  pre- 
pared oyfter  ftiell  which  by  expofure  to  the 
common  light  gave  out  a white  light  was  at 
different  times  placed  in  the  folar  rays  with  the 
interpofition  of  a plate  of  red  glafs,  and  after  a 
few  feconds  was  haftily  transferred  into  the 
dark  clofet,  but  though  the  experiment  was  re- 
peated feveral  times,  not  the  fmallcft  approach 
towards  a red  colour  was  perceived  in  the  light 
of  the  phofphorus.  The  fame  phofpliorus  was 
noAV  expofed  to  the  different  coloured  rays  of 
the  prifmatic  fpe£trum,  but  whatever  was  the 
colour  of  the  ray  in  w'hich  it  was  placed,  the 
fame  tint  of  white  light  was  vifible  in  every  ex- 
periment. 

Another  piece  of  phofphorus  difpofed  to 
fliine  with  a red  light  was  now  felefted  and  ex- 
pofed, firft  to  the  common  light  and  afterwards 
in  fucceffion  to  the  different  refracled  rays  as 
feparated  by  the  prifm,  when  it  was  found  that 
the  phol photic  light  was  much  intenfe  when 
excited  by  white  liglit,  and  by  far  the  leaft 
when  excited  by  red  light;  the  violet  rays  ex- 
cited a degree  of  red  light  full  ten  times  as 
great  as  the  red  rays  did.  Another  fingular 
circumftance  was,  that  if  the  red  prifmatic  rays 
were  thrown  upon  the  phofphorus  already  made 
luminous  by  the  violet  rays  the  immediate  ef- 
fect: was  a remarkable  deterioration  in  the  tone 
of  the  colour,  fo  that  it  was  fcavccly  more  bril- 
liant than  when  excited  by  the  red  ravs.  In 
like  manner  the  red  and  yellow  prifmatic  rays 
were  found  to  excite  the  phofphoreicence  in  a 
piece  of  fhell  difpofed  to  emit  blue  light,  with 
much  more  energy  than  the  blue  or  violet  rays 
themfelves. 

Thefe  fingular  faefs  appear  fcarcely  recon- 
cilable to  the  hypothefis  of  the  phofphorcfcent 
light  being  merely  that  which  has  becji  previ- 
ouffy  imbibed  from  the  fun,  yet  on  the  ofi.er 
•fphor*=,  p 97. 
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hand  they  by  no  means  prove  that  it  is  properly 
inherent  in  the  phofphoric  fubftance  itfelf. 

The  folar  phofphori  are  not  only  capable  of 
being  excited  by  the  rays  of  the  fun  but  by  any 
other  light  that  is  fufficiently  powerful,  and 
thofe  phofphorefcent  fubftances  which  fhine 
with  the  greateft  brilliance  by  expofure  to  the 
light  of  day,  are,  as  might  naturally  be  ex- 
pe£fed,  moll  eafily  excited  by  other  luminous 
bodies.  The  rays  of  the  moon  even  when  con- 
centrated in  a lens  appear  to  be  incapable  of 
illuminating  even  the  moft  fenfible  kinds  of 
pliofpl'iori.  The  light  of  a bright  candle,  or 
the  momentary  flalh  from  the  explofion  of  a 
little  gunpowder,  or  from  an  ele£lrical  dif- 
chargc,  are  fufficient  to  render  Wilfon’s  phof- 
phorus,  v/hen  well  prepared,  very  vifibly  lumi- 
nous. 

It  .is  not  very  certainly  known  what  is  the 
efFeft  of  the  different  gaffes  on  the  luminous 
property  of  thefe  bodies.  According  to  fome 
obfervers,  a piece  of  calcareous  phofphorus, 
when  placed  in  the  receiver  of  an  air-pump, 
becomes  rapidly  lefs  luminous  as  the  air  is  ex- 
haufted,  but  according  to  others  the  rate  at 
which  the  light  fades  is  not  more  rapid  than 
ufual.  We  have  the  refpedlable  authority  of 
Mr.  Canton,  for  Hating  that  his  phofphorus  in- 
clofed  in  a glafs  flafk,  and  hermetically  fealed, 
retains  its  property  of  becoming  luminous  for 
at  leafl  four  years,  without  any  apparent  de- 
creafe  of  a£livity. 

§.2.  Phofphori  from  heat. 

Befules  thofe  fubftances  that  are  phofphoref- 
cent by  expofure  to  the  rays  of  the  fun,  there 
are  others  which  give  out  light  when  fimply 
Ircated.  Thefe  materially  differ  from  the  former 
in  this  circumltance,  that  after  having  been 
continued  at  any  particular  temperature  till 
their  luminoufnefs  'is  exhaulled,  they  are  inca- 
pable of  becoming  again  luminous,  except  at  a 
greater  heat  than  that  to  which  they  were 
nrll  fubjefted.  The  range  of  temperature  at 
which  thefe  bodies  become  luminous  is  not  very 
cxtenffve,  commencing  at  about  400°  Fahr. 
and  terminating  at  the  loweft  vifible  red  heat. 
In  fome  of  thefe  phofphori  the  light  is  almoft 
momentary,  but  in  others  it  endures  many 
minutes.  The  intenfity  of  the  light  appears  to 
undergo  no  fort  of  alteration  whether  the  body 
that  emits  it  is  in  a Torricellian  vacuum,  or 
plunged  in  any  of  the  natural  or  artificial  gaffes. 
The  following  is  a lift  of  the  fubftances  exhibit- 
ing this  property,  arranged  by  Mr.  T.  Wedge- 
woed  according  to  the  brilliancy  of  their  light.*' 


That  variety  of  the  blue  fluor  of  Derbyfhire 
w'hich  when  feraped  or  ftruck  emits  a fetid 
bituminous  odour,  is  the  moft  phofphorefcent 
by  heat  of  all  the  known  fubftances;  it  glows 
when  moderately  heated  with  a pale  emerald 
green  light  fufficiently  intenfe  to  be  very  vifible 
even  in  day  light,  To  the  fecond  rank  belong 
the  common  Swineftone,  the  common  blue 
fluor,  and  red  felfpar,  all  thefe  as  well  as  the 
following  exhibit  a white  or  reddifli  light.  The 
third  clafs  includes  the  diamond,  the  ruby, 
carbonated  barytes,  chalk,  colourlefs  calcareous 
fpar,  fea  flrells,  granite,  and  white  fluor. 
The  fourth  clafs  comprehends  wdiite  fand,  car- 
bonated magnefia,  heavy  fpar,  flint,  white 
marble,  quartz,  porcelain  and  earthen-ware. 
The  fifth  clafs  includes  moft  of  the  metals, 
fulphat  of  potafti,  borax,  white  paper,  white 
linen,  fawduft  and  afbeftos.  Under  the  fixth 
and  laft  clafs  are  comprehended  oil,  wax, 
fpermaceti  and  butter  when  boiling  or  nearly  fo. 
To  exhibit  the  luminous  property  of  thefe  bodies 
in  the  greateft  perfetlion,  the  harder  ones 
fliould  be  reduced  to  a very  coarfe  powder  and 
fprinkled  in  a dark  room  on  the  furface  of  a 
thick  metallic  plate  heated  below  rednefs.  A 
very  ftriking  exhibition  of  the  phofphorefcence 
of  the  fetid  blue  fluor  may  be  made  by  heating 
fome  oil  in  a clear  flafk  till  it  becomes  luminous, 
and  then  dropping  in  about  a teafpoonful  of 
pulverized  fluor:  the  inftant  this  latter  comes 
in  conta6l  with  the  hot  liquid  a bright  flafli  of 
green  light  is  given  out,  which  may  be  renewed 
for  many  times  by  repeatedly  fliaking  the  veffel. 

Moft  of  the  above  mentioned  fubftances  are 
phofphorefcent  alfo  by  fri£lion,  which  is  af- 
cribed  by  M r.  W edgewood  to  the  heat  produced 
on  this  occafion;  in  fome  inftances  It  may,  yet  as 
there  are  certain  bodies,  fuch  as  Tremolite  and 
a particular  variety  of  blende,  which  give  out 
much  light  even  from  the  fcratch  of  a pin,  the 
luminoufnefs  in  thefe  cafes  can  hardly  have 
been  excited  by  the  readlion  of  the  trifling 
quantity  of  heat  thus  produced.  Mr.  Davy  has 
alfo  obferved  that  if  fluor  be  heated  till  it  ceafed 
to  become  luminous,  it  is  ftill  capable  of  pro- 
ducing light  by  collifion. 

§.2.  Spontaneous  Phofphori. 

In  this  feftion  we  mean  to  include  certain 
animal  and  vegetable  fubftances  which  at  a 
particular  period  of  their  fpontaneous  decompo- 
fition  become  luminous.  In  animal  fubftances 
this  phofphorefcence  makes  its  appearance  be- 
fore the  commencement  of  putrefaftion,  and 
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ceafcs  when  the  latter  is  compleatly  eftabliflied. 
The  flefli  of  birds  has  we  believe  never  exhibited 
this  phenomenon,  and  that  of  quadrupeds  but 
rarely.  Several  fpecies  of  infedfs  are  luminous, 
as  the  common  glow  worm,  the  fire  flies  of 
America,  and  the  fulgora  of  China;  alfo  a kind 
of  crab,  (the  cancer  fulgens)  a few  fliell  fifh, 
and  fome  of  the  marine  mollufcae:  thefe  how- 
ever are  luminous  not  merely  during  the  period 
juft  mentioned,  but  alfo  when  alive.  The  flefh 
of  a few  frefh  water  fifti  efpecially  the  carp,  and 
of  the  tadpole,  but  not  of  the  frog,  becomes 
luminous  before  putrefa£Hon.  But  the  flelli 
of  fait  water  filh  more  than  all  other  fubftances 
Is  peculiarly  rich  in  phofphorefcent  matter,  and 
accordingly  has  been  the  principal  fubftance  on 
which  the  following  experiments  have  been 
made.  Of  vegetable  matters  that  become  lu- 
minous the  principal  is  decayed  wood;  peat 
alfo,  though  very  rarely,  hase  xhibited  a fimllar 
appearance.  The  chief  obfervers  who  have 
turned  their  attention  to  this  fubjecft  are  Boyle, 
Canton,*^  and  Dr.  Hulme.s 

The  only  laboratory  required  for  thefe  pro- 
celTes  is  a dark  room,  and  the  only  preparation 
of  the  fifh  is  that  they  Ihould  be  gutted  and 
fplit,  and  their  fcales  taken  off.  The  herring 
feems  to  afford  more  light  than  other  fifh. 

The  time  which  fea  fifh,  as  frefli  as  they  can 
commonly  be  procured  in  a market,  take  to 
become  luminous  is  about  i2  hours  or  lefs:  the 
phofphorefcence  is  faint  and  partial  at  firft,  but 
foon  fpreads  over  the  whole  furface,  and  be- 
comes very  bright  before  any  putrefaction  comes 
on ;,  in  proportion  as  this  latter  ftate  is  eftablifh- 
ed  the  light  becomes  more  faint,  but  does  not 
entirely  difappear  in  lefs  than  four  or  five  days: 
the  luminous  matter  may  be  fcraped  off  with  a 
blunt  knife,  and  will  continue  to  fliine  for  a 
eonfiderable  time.  But  tliough  the  emiffion  of 
light  diminiflies  as  putrefaCtion  increafes,  there 
appears  no  necefliiry  connexion  between  the 
two  procefl'es,  for  if  a piece  of  herring  is  put 
Into  a brine  confifting  of  i part  by  weight 
common  fait  and  8 parts  water,  It  will  be 
found  in  about  24.  hours  that  the  liquor  when 
agitated  is  flightly  luminous,  and  during  the 
two  fucceding  days  its  brilliancy  will  increafe; 
then  declining,  it  will  become  w'holly  extincl 
in  thr  ee  or  four  days  more,  and  at  the  end  of 
this  period  both  the  flefli  and  brine  will  be 
entirely  free  from  any  putrid  fmell.  The 
fulphats  of  foda  or  magnefia  employed  in  the 
fame  proportions  as  common  fait  will  produce 
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fimilar  effects,  only  the  phofphorefcence  will 
not  continue  fo  long. 

The  phofphorefcence  is  deftroyed  by  im- 
merfion  in  pure  water,  in  lime-water,  carbonated 
water,  and  liquid  fulphuretted  hydrogen,  alfo 
by  fermented  liquors,  by  alcohol,  by  the  mi- 
neral and  vegetable  acids,  and  by  the  alkalies, 
alfo  by  faturated  folutions  of  thofe  neutral  falts 
which  when  moderately  diluted  contribute  moft 
eminently  to  its  prefervation.  Hence  if  fome 
of  the  luminous  matter  be  fcraped  from  the 
furface  of  the  fifh,  and  w^ell  fhaken  in  a dilute 
folution  of  common  fait,  Glauber’s  fait,  &c. 
the  whole  wull  appear  richly  luminous,  but  by 
then  adding  a fufficiency  of  dry  fait  to  faturate 
the  folution,  the  light  will  be  extinguifhed:  in 
this  cafe  it  is  however  only  latent,  for  by  pour- 
ing in  pure  water  enough  to  reduce  the  ftrength 
of  the  faline  folution,  the  light  reappears  as 
before,  a fubfequent  dofe  of  fait  will  again 
extinguifh  it,  and  more  water  will  reftore  its 
luminoufnefs. 

The  produ£Hon  of  this  phofphoric  light  does 
not  afford  any  heat  afcertainable  by  the  ther- 
mometer. By  expofure  to  a freezing  tempera- 
ture the  light  is  rendered  latent,  but  it  is  wholly 
deftroyed  when  plunged  into  boiling  water;  a 
eonfiderable  warmth  however  obvioufly  increafes 
its  brilliancy. 

It  appears  that  this  light  cannot  be  produced 
except  by  the  conta£l  of  atmofpheric  air,  yet  ' 
when  once  excited  it  is  not  increafed  by  being 
placed  in  oxygen  gas,  or  impaired  by  azot. 
When  put  into  the  receiver  of  an  air-pump  it 
becomes  faint,  and  is  at  length  extinguifhed  as 
the  exhauftion  of  the  veflel  proceeds;  the  re- 
admilfion  of  air  reftores  its  former  biightnefs. 
Nitrous  gas,  carbonic  acid,  hydrogen,  and  * 
fulphuretted  hydrogen  totally  and  inftantaneous- 
ly  extinguifh  it. 

The  light  of  dead  glow-worms,  and  of  rotten 
wood  follows  nearly  the  fame  rule  with  regard 
to  the  adlion  of  temperature  and  the  gaffes  as 
fifh  light  does,  but  it  feems  to  be  little  affeefted 
by  pure  water  and  various  faline  folutions  whiclu 
have  fo  ftrlking  an  action  on  the  latter. 
PHOSPHURET  ^ See 

PHOSPHURFITED  V PHOs'pjtORUs 
HYDROGEN  J (Kunchl’s.J 
PIERRE  PONCE.  See  Pumice. 
PISOLITE.  See  Limestone. 

PITCH.  See  Turpentine. 

PITCH,  JEW’S.  See  Bitumen, 

Ditto,  xc.  p.  161.  xci,  p.  403. 
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PITCHSTONE.  Pierre  de  Po\x,  Fr. 
Pechjlehiy  Germ. 

The  colour  of  this  mineral  is  very  various, 
being  grey  and  green  of  various  fhades,  alfo 
fioney  yellow,  liver  brown,  blood  and  brick 
red.  i'he  colours  are  generally  pale,  and  not 
unfrequently  arranged  in  bands.  It  occurs  in 
mals.  Internally  it  is  ufually  fliining,  u'ith 
rather  a faint  greafy  luftre.  Its  fradiure  is 
imperfeddly  conchoidal,  palling  into  fplintery, 
and  in  proportion  as  it  does  fo  its  luftre  is 
fainter,  and  it  approaches  to  hornftone.  Its 
fragments  are  indeterminately  angular,  fliarp- 
edged.  Sometimes  it  occurs  in  fmobth  granular 
diftindl  concretions.  It  is  ufually  tranflucent 
only  at  the  edges,  the  black  varieties  are  opake. 
It  is  confiderably  hard,  brittle,  and  eafily  frang- 
ible. Sp.  gr.  2.3. 

It  is  fufible  before  the  blow-pipe  into  a 
white,  fomewhat  porous  enamel.  According 
to  Wiegleb,  the  pitchftone  of  Meill'en  in 
Saxony  is  compofed  of 

64.58  Silex 
15. 41  Alumine 
5.  Oxyd  of  Iron 

84.99 
15.01  lofs 

Pitchftone  occurs  in  mountain  malTes,  and 
even  conftitutes  entire  mountains,  and  it  forms 
the  bafe  of  a particular  kind  of  porphyry. 

It  abounds  in  Saxony,  Hu  'gary,  Siberia, 
and  other  mountainous  diftridls. 

It  is  not  unfrequently  confounded  with 
hornftone,  and  femi-opal. 

PLASMA.  Wern. 

T he  colour  of  this  mineral  is  green  of  various 
fhades  mixed  with  brown,  and  the  whole  ar- 
ranged in  dots,  clouds  and  bands.  It  occurs  in 
mafs,  and  in  angular  and  rounded  fragments 
inclofed  in  talc  or  fteatite.  It  has  a feeble 
greafy  luftre  both  internally  and  externally. 
Its  fracture  is  conchoidal  pafling  to  fine  fplintery. 
Its  fragments  are  indeterminate  and  ftrarp -edged. 
It  is  tranflucent,  and  in  thin  pieces  fernitranf- 
parent.  Its  hardnefs  is  nearly  equal  to  that  of 
Chalcedony;  it  is  brittle,  and  eafily  frangible. 

Its  proper  geological  fituation  has  not  as  yet 
been  afeertained;  neither  has  it  been  fubm.itted 
to  chemical  analyfis.  It  is  not  uncommon  in 
Italy  and  the  Levant:  it  occurs  near  Bojanovitz, 
in  hloravia,  imbedded  in  ferpentine,  and  near 
Toeltlva  in  Upper  Hungary,  in  rounded  pieces 
with  hornftone.  Sometimes  it  combines  with 
heliotrope  and  chalcedony,  forming  agate. 


PLATINA.  Le  Platine,  Fr.  JDer  Platit), 
Germ.  Aurum  albumy  Waller. 

§ I . Ores. 

This  metal  has  hitherto  been  found  only  In 
one  ftate  in  which  according  to  moft  mlneral- 
ogifts  and  chemifts  it  is  confidered  as  native, 
though  Prouft  is  Inclined  to  confider  it  as  In  the 
ftate  of  fulphuret.  From  this  latter  opinion 
we  flrall  take  the  liberty  to  diflent,  and  fliall 
accordingly  deferibe  this  fubftance  as 

Native  Platina. 

The  colour  of  this  mineral  Is  between  filver 
white  and  fteel  grey.  It  comes  to  Europe  only 
in  the  form  of  flat  and  more  or  lefs  rounded 
grains,  from  the  fize  of  a pea,  which  is  rare, 
to  that  of  fine  fand.  The  furface  of  the  grains 
is  moderately  fmooth,  and  they  poflefs  rather 
a low  degree  of  metallic  luftre:  by  fri£Hon  this 
brightnefs  approaches  to  that  of  poliftied  iron; 
its  hardnefs  is  greater  than  that  of  copper:  it  is 
confiderably  du£Hle,  and  very  flexible  when  in 
thin  plates.  its  fp.  gr.  is  variable,  but  is 
feldom  lefs  than  165,  or  greater  than  17.2. 

It  is  infufible  before  the  blow-pipe,  and  is 
infoluble  in  acids,  except  the  oxymuriatic  or 
nitromuriatic;  from  its  folution  in  this  latter  It 
is  precipitable  by  muriat  of  ammonia,  but  not 
by  green  vitriol. 

Nothing  is  as  yet  known  of  the  geological 
fituation  of  this  fubftance  except  that  it  accom- 
panies gold.  It  is  found  in  the  Rio  del  Pinto, 
and  near  Choco  In  the  Viceroyalty  of  Peru,  and 
near  Carthagena  in  New  Granada. 

A variety  of  the  above  in  fmaller  grains  and 
of  a darker  colour,  is  alfo  met  with. 

Platina  was  firft  brought  into  Europe  in  1749, 
by  Mr.  Chas.  Wood,  aflay-mafter  of  Jamaica, 
and  in  the  fucceeding  year,  fpecimens  were 
prefented  by  Dr,  Brownrigg,  to  the  Royal 
Society.  Thcfe  came  from  Carthagena,  from 
which  place  alfo  were  dlfperfcd  through  the 
Spaiiifii  Weft  Ii.dies,  various  toys  and  trinkets 
confifting  of  this  metal  alloyed  with  fome  other, 
probably  filver,  as  the  price  of  the  alloy  was 
nearly  equal  to  that  of  this  latter  metal. 

Mr.  Wood  and  Lewis  began  the  inveftigation 
of  the  properties  of  this  new  fubftance  in  the 
very  year  in  which  it  was  imported : it  then 
employed  tl;e  abilities  of  SchaerFer,  Marggraaf, 
Be:gman,  Macquer,  and  Beaume;  and  more 
recemly  of  Delille,  'orveau,  Jeanety,  Vauquelin 
and  Fourcroy,  Defcotils,  Muffin  Pufehkin, 
Prouft,  Tennant,  Chenevix  and  Wollafton. 
Many  difficulties  however  yet  remain  tp  be 
overcome  before  the  chemical  hiftory  of  this 
fubftance  can  be  compleated. 
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§ 2,  Analyfts  of  the  Ore. 

As  all  the  platlna  which  comes  to  Europe  has 
previoufly  undergone  the  procefs  of  amalgama- 
tion in  S.  America,  it  generally  happens  that  a 
fmall  variable  quantity  of  mercury  remains  in  it, 
fometimes  in  very  fmall  didinft  globules,  but 
more  generally  combined  with  gold  into  an 
amalgam.  The  eafidl  way  of  feparating  the 
mercury  is  to  drive  it  off  by  heat,  either  in  an 
open  ladle  or  in  an  earthen  retort,  according  as 
this  fubftance  is  or  is  not  to  be  retained. 
When  tlie  mercury  is  thus  got  rid  of,  the 
remaining  platina  has  generally  a much  yellower 
call  than  before,  on  account  of  the  particles 
of  gold  dilperfed  through  it  having  now  ac- 
quired their  charadteriltic  colour.  The  ore  is 
now  to  be  fpread  tl'.in  on  a fmooch  table,  and 
by  the  dextrous  application  of  a common  pair 
of  bellows,  the  lighter  particles  may  be  fepa- 
rated  with  very  confiderable  accuracy  from  the 
heavier  ones.  The  former  confift  of  very  minute 
cryftals  and  fragments  of  quartz,  and  of  two 
kinds  of  iron  ore  in  fragments  and  in  fmall 
ocfohedrons:  of  which  fome  are  compleatly 
attracfible  by  the  magnet,  (being  the  magnetic 
iron  fand)  while  the  otliers  are  not  in  the  leaft 
fo,  and  give  out  when  roafted,  a ilight  fulphu- 
reous  odour. 

The  heavier  particles  are  now  to  be  treated 
v.'ith  a fmall  quantity  of  a fomewhat  diluted 
jiitromuriatic  acid,  by  which  the  whole  of  the 
gold  will  be  taken  up,  with  fome  iron  and  a 
very  fmall  proportion  of  platina  and  the  other 
ingredients.  From  this  folution  the  gold  may 
be  thrown  down  by  means  of  green  fulphat  of 
iron,  and  purified  by  fubfequent  fufion  with 
a mixture  of  nitre  and  borax.  The  proportion 
of  gold  contained  in  crude  platina  is  generally 
pretty  confiderable,  fo  as  to  render  it  well 
worth  the  labour  of  the  chemift  to  feparate  it 
if  he  is  poflefled  of  a confiderable  quantity. 
From  one  parcel  confilling  of  too  ounces, 
Prouft  =>  obtained  7 oz.  of  gold,  and  from 
another  like  quantity  he  procured  no  lefs  than 
13  oz.  The  whitell  platina  is  the  richeft  in 
gold,  the  black  varieties  containing  little  or 
none  of  it. 

After  the  feparation  of  the  gold,  the.  platina 
is  to  be  digelled  in  nitromuriatic  acid,  by  which 
it  will  be  diflblved,  with  the  exception  of  a 
black  matter,  which  w-as  at  firft  taken  for 
plumbago,  but  which,  from  Mr.  Tennant’s 
recent  analyfis  appears  to  be  a compound  of 
twm  new  metallic  bodies,  that  have  obtained  the 
names  of  ofmiurti  and  iridium.  By  the  addition 

• Ann.  Chim. 


of  muriat  of  ammonia  to  the  nitro-muriatic 
folution,  the  greatell;  part  of  the  platina  is 
thrown  down  in  the  form  of  a yellow  pow  der, 
which  is  a nearly  infoluble  ammoniaco-muriat 
of  platina.  The  folution  is  now  to  be  treated 
with  zinc,  by  which  all  its  metallic  contents 
except  the  iron,  w'ill  be  precipitated,  and  this 
precipitate  when  waflied  is  to  be  digelk.i  in 
very  dilute  nitric  acid:  by  this  menftruum  the 
copper  and  lead  ufually  contained  in  crude 
platina  will  be  got  rid  of,  and  the  remainder  is 
to  be  dilFolved  in  nitro-muriatic  acid.  "Fo  this 
latter  folution  common  fait  is  to  be  added,  and 
the  whole  evaporated  to  drynefs.  Ihis  refiduai 
fait  contains  the  foda-muriats  of  platina,  palla- 
dium, and  rhodium,  of  which  the  latter  alone 
is  infoluble  in  alcohol,  and  may  therefore  be 
feparated  from  the  former  by  means  of  this 
fluid.  The  alcoholic  folution  now  contains 
platina  and  palladium,  from  which  nearly  the 
whole  of  the  former  is  to  be  feparated  by  lal 
ammoniac.  The  folution  being  now  diluted, 
the  addition  of  prufliat  of  potafli  will  throw 
down  the  palladium  in  the  form  of  a deep 
orange  precipitate,  and  from  the  remaining 
liquor  when  concentrated,  the  p’atina  may  be 
precipitated  by  muriat  of  ammonia.  . 

§ 3.  Methods  of  luorkhig  Platina. 

The  great  infufibility  of  platina,  added  to  the 
ftrong  refiftance  which  it  oppofes  to  common 
menftrua,  long  excited  the  attention  of  chemifts 
and  artifts,  and  has  given  bir  h to  various  in- 
genious procefles  for  condenfing  this  refradfory 
metal  into  malleable  mafles,  and  forming  of  it 
crucibles  and  other  inftruments  of  material 
fervice  to  the  accuracy  and  fimplicity  of  chem- 
ical analyfis.  If  the  iargeft  and  whiteft  grains 
are  carefully  felecfed  from  a parcel  of  crude 
platina,  it  will  be  found  that  thefe  are  confider- 
ably  malleable  even  when  cold,  and  (till  more 
fo  when  hot : alfo  if  two  grains  are  laid  in; 
contacl  with  each  other  and  then  brought  to 
the  highefl:  poffible  'white  heat,  they  may  be 
made  to  adhere  more  or  lefs  pcrfedtly  by  a 
ftroke  with  a hammer,  and  in  this  w’^ay,  by 
great  patience  and  great  dexterity,  it  may  be 
pradlicable  to  form  a few  grains  into  a mafs.. 
This  however  is  by  much  too  imperfedf  and 
tedious  a method  to  be  employed  with  any 
pradtical  advantage. 

It  was  early  difeovered  that  arfenic  combined 
very  readily  with  platina,  forming  an  al'oy  of 
eafy  fufibility,  and  from  the  volatility  of  the 
former  of  thele  metals,  efpecially  when  in  con- 
tadl  with  charcoal,  it  was  expedted  that  by 
xxxviii,  p.  148. 
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proper  management  nearly  the  whole  of  it 
might  be  driven  olF,  leaving  the  platina  behind 
in  a mats,  and  poflefled  of  its  characteriftic 
properties.  Willis,  Marggraaf,  Achard  and 
others  lueeeeded  to  a eertain  degree,  and  fafliion- 
cd  of  this  alloy  erueibles  and  other  ehemical 
utenfils,  lefs  fufible  than  filver,  and  capable  of 
refilling  many  of  the  common  menftrua.  M. 
Jeanety  of  Paris,  a working  filverfmith,  then 
turned  his  attention  to  the  fame  obje£l,  and 
after  long  practice  and  many  failures,  difcovered 
by  far  the  bell  method  of  preparing  and  working 
this  alloy.  The  procefs  of  this  artifl  as  reported 
by  Berthollet  ayd  Pelletier,  is  the  following;*’ 

Having  firll  ground  the  crude  platina  in 
water,  and  walhed  it  over  in  order  to  feparate 
the  earthy  matters  with  which  it  is  mixed; 
take  three  half  pounds  of  the  metal,  three 
pounds  of  w'hite  arfenic,  and  one  pound  of 
pearlalli : mix  the  whole  well  together,  and 
then  place  in  a furnace  of  any  convenient  con- 
flru£lion,  a crucible  capable  of  holding  2o  lbs. 
tyf  the  above  mixture.  As  loon  as  the  crucible 
is  thoroughly  red  hot,  pour  in  one  third  of  the 
mixture,  and  keep  llirring  it  with  a rod  of 
platina  till  it  comes  into  a llate  of  quiet  fufion; 
Then  add  another  third,  carefully  llirring  it  as 
before,  and  after  a while  add  the  remaining 
third,  and  give  the  whole  a good  heat,  fo  as  to 
render  it  very  fluid.  Then  withdraw  the  cru- 
cible, and  after  it  has  cooled,  gradually  break 
it  up : there  will  be  found  a well  formed  metallic 
button,  covered  by  blackilli  brown  fcoria:,  which 
acls  pretty  powerfully  on  the  magnetic  needle. 
This  button  being  broken  to  pieces,  (which  is 
readily  done  on  account  of  its  great  brittlenefs,) 
13  to  be  again  fufed  with  white  arfenic  and 
pearlalli  as  before,  and  the  metallic  mafs  refult- 
ing  from  this  fecond  fufion  is  generally  incapable 
of  adling  on  the  magnetic  needle:  if  however, 
this  lliould  not  be  the  cafe,  a third  fufion  with 
arfenic  and  alkali  mull  be  had  recourfe  to. 

The  firll  flep  of  the  procefs  being  thus 
finifhed,  a flat  bottomed  cylindrical  crucible, 
about  3 1 inches  in  diameter  is  to  be  made 
thoroughly  hot  in  a furnace,  and  is  then  to  be 
charged  with  three  half  pounds  of  the  arfeni- 
cated  platina  mixed  with  an  equal  weight  of 
white  arfenic,  and  half  a pound  of  potafli : 
when  thefe  are  well  mingled  and  entirely  fluid, 
the  crucible  is  to  be  removed  from  the  fire,  and 
placed  to  cool  in  a horizontal  pofition,  in  order 
that  the  cake  of  metal  may  be  of  an  uniform 
tliicknefs.  The  crucible  when  cold  is  to  be 
«arefully  broken,  and  having  removed  the  fcoriae, 
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there  will  be  obtained  a cake  of  metal  welt 
formed  and  fonorous,  weighing  about  three 
ounces  more  than  the  arfenicated  platina  em- 
ployed, and  now  quite  faturated  with  arfenic; 
there  is  no  danger  of  incorporating  too  much  of 
this  latter  ingredient,  it  being  conftantly  obferv- 
ed  that  the  compleatnefs  and  rapidity  of  the  fub- 
fequent  purification  is  exa6lly  in  proportion  to 
the  quantity  of  arfenic  which  it  has  previoufly 
been  made  to  imbibe. 

The  metallic  mafs  thus  procured  is  to  be 
placed  in  a muffle,  and  the  heat  is  to  be 
gradually  increafed  till  the  arfenic  begins  to 
evaporate;  the  temperature  mull  then  be  kept 
up  as  nearly  as  poffible  the  fame  for  fix  hours, 
obferving  efpecially  not  to  Increafe  it  left  the 
cake  melt.  At  the  end  of  this  period  the  cake 
will  have  become  confiderably  porous,  and  is 
now  to  be  withdrawn  and  extinguilhed  in 
common  oil;  it  is  then  to  be  returned  to  the 
muffle,  by  which  a further  quantity  of  arfenic 
will  be  evaporated,  and  this  alternate  application 
of  oil  and  heating,  is  to  be  continued  till  no 
more  arfenic  makes  its  appearance.  The  fufi- 
bility  of  the  mafs  diminifties  as  the  arfenic  is 
got  rid  of,  fo  that  a much  higher  temperature 
may  be  employed  in  the  latter  than  in  the 
former  part  of  this  procefs.  Having  carefully 
burnt  off  at  a high  heat  all  the  charcoal 
produced  by  the  decompofition  of  the  oil,  the 
fpungy  cake  of  metal  is  to  be  digefted  in 
nitrous  acid,  and  then  edulcorated  by  repeated 
boiling  in  water.  Three  or  more  of  the  cakes 
are  then  to  be  put  into  a cylindrical  crucible, 
and  heated  to  the  higheft  poffible  degree  in  a 
powerful  furnace:  while  they  are  thus  rendered 
foft,  an  iron  peftle  let  down  upon  them  will 
make  them  cohere:  they  are  then  to  be  with- 
drawn from  the  crucible,  heated  to  the  utmoft 
in  a fmith’s  fire,  and  carefully  forged  like  iron 
on  the  anvil  into  compacl  bars. 

The  advantage  of  this  procefs  of  M.  Jeanety 
is  its  cheapnefs,  not  requiring  the  platina  to  be 
previoufly  diflblved  in  nitro-muriatic  acid;  but 
on  the  other  hand,  the  metal,  though  ap- 
proaching a ftate  of  purity,  is  by  no  means 
abfolutely  pure:  it  contains  a fmall  quantity  of 
arfenic  and  iron,  together  with,  probably  the 
whole  of  the  lead  and  copper  that  may  have 
been  cafually  mingled  with  the  ore,  as  M^ell  as 
the  palladium,  ofmium,  iridium  and  rhodium, 
and  in  confequence  of  this  mixture  is  by  no 
means  capable  of  fuftaining  the  a£lion  of 
alkalies  and  a high  heat  with  fo  little  injury  as 
when  more  accurately  purified. 

xir.  p.  29. 
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The  next  method  which  we  fliall  mention  of 
purifying  this  metal  was  difcovered  by  Count 
Mouffin  Poufchkin.  *=  It  Is  elFecfled  in  the 
following  manner.  Diflblve  the  crude  platina 
in  nitro-muriatic  acid,  and  throw  down  the 
platina  by  muriat  of  ammonia,  and  wafli  the 
precipitate  in  a little  cold  water.  Then  heat 
the  yellow  powder  in  a crucible  till  It  is  decom- 
pofed,  and  the  platina  becomes  fpungy  and 
returns  to  the  metallic  ftate:  now  wafh  the 
mafs  with  hot  water,  and  boil  it  in  very  dilute 
muriatic  acid,  to  diflblve  out  any  iron  that  may 
be  cafually  mixed  with  itj  then  edulcorate  and 
dry  the  refidue.  Of  this  refidue  take  a few 
drams  with  twice  its  weight  of  pure  mercury, 
and  triturate  the  mixture  in  a ftone  mortar  till 
an  amalgam  is  produced,  which  may  be  efFe£t- 
ed  without  ditficuity,  after  which  by  the  alter- 
nate addition  of  mercury  and  platina  feveral 
pounds  weight  of  ingredients  may  be  amalga- 
mated in  the  courfe  of  a few  hours.  This 
amalgam  when  firft  made  is  foft,  but  in  an  hour 
or  a little  more  acquires  a contiderable  hardnefs; 
-while  yet  loft  therefore  it  Ihould  be  clofely 
rammed  into  a tube  of  wood  of  convenient  fize, 
and  after  it  has  become  hard,  the  tube  with  its 
contents  mav  be  placed  in  a muffle,  and  by  the 
time  that  die  wooden  covering  is  confumed,  a 
great  part  of  the  mercury  will  be  volatilized, 
fo  as  to  prevent  all  rilk  of  the  bar  of  platina 
breaking  when  deprived  of  the  fupport  of  its 
wooden  cafe.  The  metal  is  now  to  be  cau- 
tioully  heated  till  all  the  mercury  is  driven  off, 
after  which  it  is  to  be  forged  in  the  ufual  way 
at  the  higheft  poffible  heat. 

A ftill  more  Ample  and  equally  effedlual 
manner  of  working  this  metal  has  been  publilhed 
by  Mr.  Knight. '*  The  platina  being  diflblved 
in  nitro-muriatic  acid  and  precipitated  by  muriat 
of  ammonia,  the  yellow  powder  hence  refulting 
after  being  edulcorated  by  waffling  in  cold 
water  is  to  be  thus  managed.  “ A Itrong  hol- 
“ low  inverted  cone  of  crucible  earth  being 
“ procured,  with  a correfponding  Hopper  to  fit 
“ it,  made  of  the  fame  materials,  the  point  of 
“ the  latter  is  cut  off  about  three  fourths  of  the 
diftance  from  the  point  to  the  bafe.  The 
“ platina  in  the  ftate  of  a light  yellow  powder 
“ is  prelTed  tight  into  the  cone,  and  a cover 
“ being  fixed  flightly  on,  it  is  placed  in  an  air 
“ furnace  and  the  fire  railed  gradually  to  a 
“ ftrong  white  heat.  In  the  mean  time  the 
“ conical  ftopper  fixed  in  a pair  of  iron  tongs 
“ fuitable  for  the  purpofe,  is  brought  to  a red 
“ or  a bright  red  heat.  The  cover  being  then 


“ removed  from  the  cone,  the  tongs  wiffl  the 
“ heated  ftopper  is  introduced  through  a hole 
“ in  the  cover  of  the  furnace,  and  prefled  at 
“ firft  gently  on  the  platina,  at  this  time  in  a 
“ ftate  nearly  as  foft  as  dough,  till  it  at  length 
“ acquires  a more  folid  confiftence.  It  is  then 
“ repeatedly  ftruck  with  the  ftopper  as  forcibly 
“ as  the  nature  of  the  materials  will  admit,  till  it 
“ appears  to  receive  no  further  imprelfion.  The 
“ cone  is  then  removed  from  the  furnace,  and 
“ being  ftruck  lightly  with  a hammer  the  platina 
“ falls  out  in  a metallic  button,  from  which 
“ ftate  it  may  be  drawn  by  repeatedly  heating 
“ and  gently  hammering,  into  a bar.” 

The  laft  method  that  we  fflall  notice  and  one 
that  has  been  attended  with  compleat  fuccefs, 
was  invented  by  Mr.  T.  Cock,  through  whofe 
liberality  we  are  enabled  to  communicate  it  to 
our  readers.® 

The  platina  being  diflblved  in  nitro-muriatic 
acid,  the  liquor  is  to  be  filtered  through  clean 
white  fand,  in  order  to  feparate  the  black 
powder  which  floats  among  it.  The  clear 
folution  being  then  decompofed  by  fah ammoniac 
the  yellow  precipitate  is  to  be  collected,  mode- 
rately well  waffled  in  warm  water  and  dried. 
It  is  then  to  be  diftributed  into  faucers  which 
are  placed  in  a fmall  oven  conftrudled  for  the 
purpofe,  where  they  are  expofed  for  a fflort 
time  to  a low  red  heat  in  order  to  bring  the 
platina  to  the  metallic  ftate,  and  to  drive  off  by 
fublimation  the  greater  part  of  the  muriated 
ammonia.  When  withdrawn  it  is  a fpungy 
mafs  of  a grey  colour.  About  half  an  ounce 
of  the  platina  in  this  ftate  is  to  be  put  into 
a ftrong  iron  mould  about  2^  inches  long  by  i|^ 
wide,  and  is  to  be  compreffed  as  forcibly  as 
poffible  by  ftriking  with  a mallet  upon  a wooden 
peftle  cut  fo  as  accurately  to  fit  the  mould; 
another  half  ounce  is  then  added  and  treated  in  ^ 
the  fame  manner,  and  fo  on  till  fix  ounces 
have  been  forced  into  the  mould:  a lool'e  iron 
cover  juft  capable  of  Hiding  down  the  mould  is 
then  laid  upon  the  platina,  and  by  means  of  a 
ftrong  ferew  prefs,  almoft  every  particle  of  air  is 
forced  out  from  among  the  platina.  This  is  a 
part  of  the  procefs  that  requires  efpecial  care, 
for  if  any  material  quantity  of  air  is  left  in  the 
mafs,  the'  bar  into  which  it  is  formed  is  very 
apt  in  the  fubfequent  operations  to  fcale  and  be 
full  of  flaws.  The  preffure  being  duly  made, 
the  mould  is  to  be  taken  to  pieces,  and  the 
platina  will  be  found  in  the  form  of  a denfe 
compad  parallelopiped.  It  is  now  to  be  placed 
in  a charcoal  forge  fire  and  heated  to  the  moft 
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intenfe  white  heat  in  order  compleatly  to  drive 
oiT  the  remaining  ammoniacal  muriatj  this  be- 
ing done  it  is  to  be  quickly  placed  on  a clear 
bright  anvil  and  gently  hammered  in  every  di- 
re£tion  by  a clean  hammer.  This  is  to  be  re- 
peated feveral  times,  at  the  end  of  vdiich  the 
mat's  will  be  perfe(Tly  compaft,  and  fit  to  be 
laminated  or  wrought  in  any  other  manner  that 
the  artill  chufes.  It  is  to  be  obferved  that  while 
the  platina  is  heating  it  muft  lie  loofe  in  the 
fire,  for  if  it  were  held  by  the  tongs  they  would 
infallibly  become  welded  to  the  platina,  and 
thus  greatly  damage  it.  By  the  time  that  the 
platina  is  thus  drawn  down  to  a compa£l:  bar  it 
will  be  covered  by  a fomewhat  reddifli  femivi- 
treous  cruft  proceeding  chiefly  from  particles  of 
the  allies  melted  down  upon  it  and  extended 
over  its  furface  by  the  hammer.  ft’'o  remove  this, 
the  bar  being  made  red  hot  is  to  be  fprinkled 
over  with  pulverized  glafs  of  borax,  and  then 
kept  for  a few  minutes  at  a white  heat ; when 
moderately  cool  it  is  to  be  plunged  into  dilute 
muriatic  acid  by  which  the  borax  and  other 
vitreous  matter  will  be  diflblved,  leaving  the 
platina  with  a perfectly  clean  white  furface. 

§.4.  Ph'^fical  and  Chemical  Proporties  of  Platina. 

The  colour  of  this  metal  is  between  tin- 
white  and  iron-grey.  Its  dudfility  and  mallea- 
bility are  both  very  confiderable  as  it  may  be 
drawn  into  fine  wire,  and  be  beaten  into  leaves 
as  thin  as  tin-foil.  It  pofl'efl'es  a confiderable 
elafticity,  and  in  hardnefs  is  not  much  inferior 
to  iron  ; hence  it  may  be  made  to  receive  a 
high  polifti.  It  is  fufible  by  galvanifm,  and  by 
the  concentrated  rays  of  the  fun,  but  is  fcarcely 
to  be  melted  by  the  most  powerful  furnace. 
At  a full  white  heat  it  poflefl'es  the  property  of 
welding  like  iron,  and  tv/o  pieces  may  thus  be 
made  to  unite  with  perfect  accuracy.  It  is  not 
oxydable  by  the  higlieit  heat,  or  the  combined 
influence  of  the  air  and  moifture  j hence  it  is 
entitled  to  rank  -among  the  noble  or  perfedt 
metals. 

The  only  acid  menftrua  by  which  it  is  capa- 
ble of  being  diftolved  are  the  oxymuriatic  and 
nitromuriaiic  acids,  the  latter  being  moft  com- 
monly employed  for  this  purpofe.  Refpedfing 
the  compofition  of  this  acid  and  the  proportion 
of  platina  that  it  is  capable  of  diflblving  there 
is  very  little  agreement  among  chemifts.  The 
common  method  is  to  prepare  the  acid  by  mix- 
ing together  equal  parts  of  ftrong  aquafortis 
and  fuming  muriatic  acid,  and  of  this  raen- 
ftruum  from  16  to  24  parts  are  required  for 

f An.Chim.  xxxvlii.  p.  231. 


the  folution  of  one  of  platina.  By  this  mode 
of  proceeding  however  there  is  a moft  unnecef- 
fary  wafte  of  nitric  acid,  and  the  folution  al 
ways  contains  an  excefs  of  acid.  A much 
more  fatisfadlory  refult  has  been  obtained  by 
Prouftjf  and  which  appears  to  be  the  more 
worthy  of  credit  as  it  is  deduced  from  feveral 
experiments  on  a large  fcale.  The  acids  em- 
ployed by  this  able  chemift  were  common 
ftrong  aquafortis  of  35®  Beaume,  and  muriatic 
acid  of  15°.  A nitro-muriatic  acid  compofed 
of  thefe  in  the  proportion  of  4 oz.  by  weight 
of  the  former,  and  12  oz.  of  the  latter,  being 
digefted  on  6 oz.  of  platina  was  found  to  take 
up  1 7 drachms;  the  folution  being  then  con- 
centrated by  gentle  diftillation,  the  acid  liquor 
that  came  over,  weighing  10  oz.  i drachm,  af- 
ter being  ftrengthened  by  4 oz.  of  muriatic 
acid  was  found  to  be  capable  of  taking  up 
about  8y  drachms  more  of  platina.  Hence  it 
appears  that  i6oz.  of  muriatic  acid,  and  4 oz. 
of  nitric  are  adequate  by  proper  management 
to  the  folution  of  26|  drachms  (3  oz.  2|  dr.j 
of  platina.  In  general  a confiderable  quantity 
of  acid  is  loft  by  the  imprudent  application  of 
heat  in  this  procefs,  fo  that  the  beft  mode  of 
performing  this  operation,  efpecially  when  any 
confiderable  quantity  is  employed,  is  to  pour 
the  whole  of  the  muriatic  acid  on  the  platina  in 
a rctoit  with  about  i of  the  nitric  acid  and  al- 
low them  to  a£I  on  each  other  in  a moderate 
warmth  till  all  effervefcence  has  ceafed;  then 
to  add  another  portion  of  nitric  acid,  and  fo  on 
till  the  whole  has  been  made  ufe  of ; then  to 
proceed  to  diftillation,  and  after  ftrengthening 
the  produfil  with  frefh  muriatic  acid  to  digeft  it 
on  a frelh  portion  of  platina;  which  being 
compleated  both  the  folutions  may  be  added  to- 
gether. If  crude  or  imperfe£Ily  purified  platina 
is  employed,  a portion  of  black  matter  will  re- 
main undiflblved,  and  the  colour  of  the  folution 
will  approach  more  or  less  to  a deep  orange 
brown  inftead  of  being  orange  yellow,  the  colour 
of  pure  muriat  of  platina, 

Muriat  of  ammonia  decompofes  this  folution 
and  throws  dowm  a triple  fait,  the  ammoniaco- 
rnuriat  of  platina,  which  If  pure  is  yellow,  but 
of  a brick  red  if  combined  with  the  other  me- 
tallic oxyds.  This  fait  is  fparingly  foluble  in 
boiling  water ; one  ounce  of  it  being  boiled 
with  repeated  portions  of  pure  water  requires 
between  8 and  9 lbs.  for  its  compleat  folution.*' 
If  the  fait  is  of  a brick  red  colour  the  folution 
is  yellowilh  red  verging  on  green,  and  depofits 
by  ftanding  a little  black  matter,  and  changes  to 

* Movfiin  Poufehkin,  An.Chim.  xxir.  p.  soj; 
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a bright  orange  colour,  from  which  by  repeated 
(low  evaporation  and  cryllallization  may  be  ob- 
tained fmall  o£lohedral  cryitals  of  a higli  topaz 
colour.  The  yellow  ammoniacal  muriat  when 
decompofed  by  heat  leaves  behind  about  42,5 
per  cent,  of  platina  which  is  rapidly  foluble  in 
nitro-muriatic  acid;  the  red  fait  on  the  other 
hand  affords  about  44  per  cent,  of  metal,  which 
is  with  difficulty  a£l:ed  on  by  aqua  regia,  and  a 
fmall  portion  in  the  form  of  a black  pov.aler 
abfolutely  refufes  to  diffolve.  That  this  red  fait 
contains  fome  other  metal  befules  platina  is 
further  obvious  from  this  circumftance,  that  if 
the  refidue  after  its  decompofition  by  heat  be 
placed  in  a tube  heated  red  hot,  and  expofed  to 
a ftream  of  oxygen  gas,  a blue  metallic  oxyd 
will  be  volatilized,  which  appears  to  be  the 
fame  with  the  iridium  of  Mr.  Tennant.  Ammo- 
niaco-muriat  of  platina  is  alfo  decompofable  by 
oxymuiiatic  or  nitro  muriatic  acids  which  deftroy 
the  ammonia  and  reduce  the  folution  to  fimple 
muriat.  It  is  alfo  in  part  at  lead  decompofable 
by  the  cauftic  fixed  alkalies  and  lime-water. 

Potafh  is  alfo  capable  of  uniting  with  muriat 
of  platina  forming  with  it  a triple  fait,  the 
general  properties  of  which  are  analogous  to 
thofe  of  the  proceeding.  Soda  combines  in 
like  manner  with  muriat  of  platina  into  a triple 
ialt.  The  moft  convenient  way  of  preparing  it 
is  to  mix  with  the  muriat  of  platina  a folution 
of  common  fait,  from  which  by  evaporation  and 
cooling  may  be  obtained  long  priims  or  trian- 
gular tables  of  the  fait  in  quellion.  The  colour 
of  this  fait  if  the  platina  was  pure  is  a bright 
yellow.  It  is  very  foiubie  not  only  in  water 
but  in  alcohol,  in  which -it  differs  from  the  two 
preceding  falts ; it  is  decomp:) fable  by  muriat 
of  ammonia,  which  throws  down  the  ammoni- 
aco-muriat  of  platina ; it  is  alfo  decompofable 
by  the  fixed  alkalies  either  pure  or  cauftic,  but 
if  they  are  added  to  excefs  the  oxyd  of  platina 
is  again  diffolved  by  them.  When  heated  be- 
fore the  blow-pipe  on  charcoal  this  fait  boils, 
and  is  decompofed,  the  platina  being  reduced 
to  the  metallic  ftate.’’ 

The  fulphuric,  nitric,  and  oxalic  acids,  though 
they  have  no  effe£l:  on  the  pure  metal,  diffolve 
its  oxyd  and  form  with  it  falts  that  have  hitherto 
been  very  little  examined. 

The  falts  of  platina  are  not  decompofed 
either  by  gallic  aciil,  infufion  of  galls,  or  pruf- 
Cat  of  potalh.  Sulphuretted  hydrogen  throws 
down  a brown  precipitate  confifting  for  the 
i;ioft  part  of  metallic  platina. 

* Dcfcotils  in  An.  Cli.  xlvili.  p.  i6j. 


The  a£tion  of  the  cauftic  fixed  alkalies  at  a 
high  heat  on  platina  is  confiderable,  the  metal 
being  corroded  and  partly  diffolved,  a circum- 
ftance which  confiderably  diininiflies  the  ufe  of 
crucibles  formed  of  this  fubftance  in  the  ana- 
lyfis  of  the  more  refradfory  ftony  minerals. 
Nitre  produces  a fimilar  effebt.  Mr.  Tennant 
found'  that  by  heating  nitre  with  fome  thin 
pieces  of  platina  in  a cup  of  the  fame  metal, 
the  cup  was  much  corroded  and  the  thin  pieces 
were  entirely  deftroyed.  By  diffolving  the  fa- 
line  mafs  in  water  the  greater  part  of  the  pla- 
tina was  precipitated  in  the  form  of  a brown 
powder.  This  powder  was  entirely  foluble  in 
muriatic  acid,  and  confifted  of  oxyd  of  platina 
combined  with  potaih.  Part  of  the  platina  was 
retained  by  the  alkaline  folution  to  which  it 
communicated  a yellowilh  brown  colour.  On 
the  addition  of  an  acid  an  infoluble  triple  fait 
was  produced  confifting  of  oxyd  of  platina,  pot- 
alh, and  the  acid  employed. 

Platina  combines  by  fufion  with  many  of  the 
metals.  With  gold  it  forms  an  alloy  that  has 
been  already  clefcribed.  With  filver  it  com- 
pofes  a moderately  eafily  fufible  alloy,  of  a fil- 
very  white  colour,  confiderably  malleable,  and 
capable  of  a high  polilh  ; but  when  heated  red 
it  becomes  of  an  iron-black  colour,  blifters  and 
throws  off  fcales  fo  as  to  render  it  incapable  of 
being  wrought.  A remarkable  property  of  this 
alloy  is  that  it  is  very  apt  on  confolidating  from 
fufion  to  become  entirely  covered  with  a fort 
of  impsrfe£i:  cryftallization,  thus  becoming  as 
rough  as  the  coarfeft  file.  Lead  combines 
without  difficulty  with  platina  at  a full  red  heat, 
forming  a fomewhat  malleable  alloy  of  eafy 
fufibility;  by  cupellation  a confiderable  portion 
of  the  lead  is  worked  off,  but  the  remaining 
alloy  is  too  fufible  and  too  eafily  acled  on  by 
menftrua  to  enable  it  to  fupply  the  place  of 
pure  platina  as  a material  for  crucibles,  &c. 

The  fpungy  metallic  mafs  remaining  after 
the  decompofition  by  heat  of  the  ammoniaco- 
muriat  of  platina  enters  readily  into  combina- 
tion with  mercury,  as  we  have  already  menti- 
oned, forming  an  dmalgam.  If  inftead  of  the 
platina,  the  triple  fait  itfelf  Is  triturated  in  an 
earthen  ware  mortar  with  an  equal  weight  of 
mercury,  the  fait  in  a ftiort  time,  according  to 
Mouffm  Poufehkin,  lofes  its  orange  yellow  co- 
lour, and  pafie;  firft  to  brown  and  then  to 
greenifli  brown;  a fecond  portion  of  mercury 
brings  the  whole  to  the  ftate  of  a grey  powder, 
a third  caufes  a commencement  of  amalgaraa- 
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tion,  and  by  the  time  the  fixth  is  added  the 
amalgam  is  compleated.  If  the  amount  of 
mercury  is  even  nine  times  as  great  as  that  of 
the  fait  the  amalgam  will  ftill  be  very  ftiff  and 
tenacious,  and  as  brilliant  as  the  bell  amalgam 
of  tin.  It  is  a remarkable  property  however  of 
this  mixture,  that  if  it  is  triturated  for  a few 
minutes  with  water,  or  rubbed  in  the  palm  of 
the  hand,  it  is  rapidly  converted  into  a grey 
powder  which  is  oxyd  of  mercury,  with  feveral 
brilliant  particles  of  platina  difperfed  through 
it,  and  a little  running  mercury  ufually  alfo 
makes  its  appearance.  This  grey  powder  by 
fublimation  in  a retort,  furnilhes  metallic  mer- 
cury, and  a little  calomel. “ 

Platina  is  not  capable  of  combining  with  ful- 
phur,  but  unites  readily  with  phofphorus,  from 
which  it  cannot  be  feparated  by  mere  heat. 

4-  O/mium,  Iridium,  Rhodium  and  Palladium. 

Of  the  above  four  new  metals  which  have 
recently  been  difcovered  in  crude  platina  fo 
few  particulars  have  as  yet  been  obferved  that 
we  have  thought  it  moll  advifable  to  treat  of 
them  in  an  appendix  to  the  article  platina. 

It  has  been  already  mentioned  that  in  dif- 
folving  crude  platina  in  nitro-muriatic  acid,  a 
black  powder  is  feparated  which  has  been  fup- 
pofed  by  fome  chemills  to  be  oxyd  of  iron,  by 
others  has  been  confidered  as  plumbago,  but 
has  been  lately  difcovered  by  Mr.  Tennant  to 
contain  two  new  metals.  If  in  treating  the 
crude  platina  a large  proportion  of  llrong  acid 
at  a boiling  temperature  is  made  ufe  of,  nearly 
the  whole  of  the  black  powder  is  diflblved,  and 
the  platina  thrown  down  from  the  folution  by 
muriated  ammonia  inflead  of  being  yellow  is  of 
a brick-red.  But  if  a weaker  acid  at  a much 
lower  temperature  is  employed,  the  folution  is 
much  lefs  coloured  and  nearly  3 per  cent,  of 
this  black  powder  remains,  which  may  be  rea- 
dily feparated  by  filtration  and  walhing. 

‘This  black  matter  is  partly  in  fcales  and 
partly  pulverulent;  it  leaves  black  traces  on 
paper  as  plumbago  does,  but  differs  remarkably 
from  this  latter  in  its  sp.  gr.  which  is  10.7. 
It  unites  readily  with  lead,  but  the  compound 
even  if  containing  no  more  than  ~ of 
black  matter,  poffelfes  very  little  fluidity  when 
melted.  Nitrous  acid  diflblves  out  the  lead, 
leaving  the  other  ingredient  nearly  in  the  fame 
ilate  as  at  firft.  With  bifmuth,  zinc,  and  tin, 
the  effedls  are  nearly  fimilar ; but  with  copper 
at  a very  high  heat  it  contradls  a more  intimate 
**  An.  Ch.  xxiv.  p.  209.  * 


union,  for  by  digeiling  the  compound  in  nitro- 
muriatic  acid  fome  of  the  powder  was  taken  up 
together  with  the  copper  forming  a very  dark- 
coloured  folution. 

With  filver  and  gold  it  unites  eafily  and  inti- 
mately, and  is  incapable  of  being  feparated 
from  either  by  qupellation,  or  from  gold  even 
by  quartation:  the  alloys  retain  confiderable 
dudlility,  and  the  colour  of  that  with  gold  is 
not  materially  different  from  pure  gold. 

If  this  black  powder  be  mixed  with  a large 
proportion  of  cauftic  foda,  and  kept  for  fome 
time  at  a red  heat,  in  a filver  crucible,  the  mafs 
acquires  a brownifh-yellow  colour.  On  the 
addition  of  water  a peculiarly  pungent  odour  is 
extricated  and  the  alkali  with  part  of  the  yel- 
low powder  is  diflblved.  This  alkaline  folution 
contains  the  oxyds  of  osmium  and  iridium, 
the  former  of  which  may  be  obtained  pure  by 
flightly  fuperfaturating  the  folution  with  ful- 
phuric  acid  and  proceeding  to  diflillation,  the 
metallic  oxyd  being  very  volatile,  rifing  with 
the  water  and  remaining  in  folution  with  this 
fluid  in  the  receiver ; as  however  a little  ful- 
phuric  acid  is  liable  alfo  to  come  over,  a fecond 
very  gentle  diflillation  is  required  to  procure 
the  oxyd  quite  pure.  The  folution  thus  ob- 
tained is  as  colourlefs  as  water;  it  has  a fweetifh 
tafle  and  a flrong  peculiar  odour;  it  does  not 
change  vegetable  blues  to  red.  Oxyd  of  of- 
mium  may  be  obtained  in  a much  more  con- 
centrated ftate  by  diflilling  the  original  black 
powder  with  nitre.  When  the  materials  ap- 
proach to  a red  heat  there  fublimes  into  the 
neck  of  the  retort  a fluid  apparently  oily,  but 
which  on  cooling  concretes  into  a folid  colour- 
lefs femi-tranfparent  mafs.  In  this  concentrated 
(late  it  flains  the  fkin  of  a permanent  dark  co- 
lour. It  is  foluble  in  water,  and  then  exhibits 
the  properties  of  the  above-mentioned  folution. 
The  falts  of  platina  or  gold  when  dropped  into 
it  produce  no  apparent  chemical  change,  but 
with  nitrat  of  lead  it  gives  a yellowifh  brown 
precipitate,  with  nitrat  of  mercury  a white  one, 
and  with  muriat  of  tin  a brown  one.  An  infu- 
fion  of  galls  produces  a purple  colour  which 
foon  changes  into  a deep  vivid  blue.  With 
pure  ammonia  or  carbonat  of  foda  it  acquires  a 
light  yellow  colour,  and  with  lime  a fimilar 
colour  but  of  a brighter  tinge;  this  latter  folu- 
tion affords  with  infufion  of  galls  a deep  red 
precipitate  which  becomes  blue  by  acids.  Pure 
magnefia  or  carbonat  of  lime  produce  no  effe£l 
on  this  oxyd.  On  the  addition  of  alcohol,  the 
enaant  in  PhlL  Tianf  1804,  p.  412- 
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whole  folution  acquires  a dark  colour,  and  after 
fome  time  the  ofmium  is  depofited  (probably  in 
the  metallic  ftate)  in  the  form  of  black  films. 
A fimilar  effe£l,  but  much  more  fpeedily,  is 
produced  by  ether.  The  watery  folution  of  this 
oxyd  is  decompofed  by  all  the  metals  except 
gold  and  platina,  a black  or  dark  grey  precipitate 
being  thrown  down  confifting  of  the  mixed 
oxyds  of  ofmium  and  of  the  precipitant.  A 
little  mercury  (haken  with  the  above  folution 
fpeedily  deprives  it  of  all  odour,  and  combines 
with  the  ofmium  into  an  amalgam;  this  amal- 
gam being  expofed  to  heat  in  clofe  veffels,  the 
mercury  is  volatilized  and  a dark  grey  or  blue 
powder  remains  behind,  which  is  the  pure  me 
tal.  When  heated  with  accefs  of  air  it  evapor- 
ates with  the  ufual  odour;  but  if  the  air  is  care- 
fully excluded  it  feems  neither  volatile  nor  fufi- 
ble  even  at  a full  white  heat  and  in  conta£l 
with  charcoal.  But  when  heated  with  copper 
or  gold  it  melts  with  them  forming  uniform 
malleable  alloys. 

The  pure  rnctal  after  having  been  ftrongly 
heated  is  not  affected  by  nitro-muriatic  acid, 
but  when  heated  in  a filver  crucible  with  cau- 
ftic  alkali  it  combines  readily  with  it,  and  gives 
a yellow  folution,  from  which  acids  expel  the 
oxyd  of  ofmium  with  its  ufual  properties. 

We  have  already  mentioned  that  the  black 
powder  obtained  from  crude  platina,  contains 
both  ofmium  and  iridium.  The  method  of 
feparating  the  former  has  been  juft  no  .v  treated 
of,  we  fhail  now  therefore  proceed  to  fliow  how 
to  procure  the  latter.  Vauquelin’s  “ method 
is  to  fufe  the  black  powder  with  four  times  its 
weight  of  cauftic  potafh,  which  gives  a green 
faline  mafs  : by  digeftion  with  water  a green 
folution  is  obtained,  and  fome  green  powder 
remains  undiffolved.  The  alkaline  folution  is 
to  be  faturated  with  muriatic  acid,  by  which  a 
green  precipitate  will  be  obtained,  and  this, 
together  with  the  green  powder,  is  to  be  digefted 
in  ftrong  muriatic  acid.  The  deep  green  mu- 
riatic folution  thus  prepared,  contains  the 
oxyds  of  iridium,  iron,  and  ofmium,  and  when 
heated  to  ebullition,  its  colour  changes  to  a 
bright  red.  It  is  now  to  be  gently  evaporated 
to  drynefs,  and  the  refidue  being  treated  with 
alcohol,  the  muriat  of  iron  will  be  dilfolved, 
leaving  behind  a red  powder  entirely  free  from 
this  metal.  This  red  powder  being  calcined 
at  a red  heat  in  an  open  crucible,  there  fir  ft 
arifes  muriatic  acid,  and  then  a vapour  which 
tinges  the  flame  of  the  coals  of  a fine  blue,  and 
whicli  doubtlefs  is  the  oxyd  of  ofmium ; a 


black  powder  remains  behind,  which,  when 
mixed  with  borax  and  expofed  to  a very  high 
heat,  is  reduced  into  a half  fuftd  granular  rretal, 
of  a white  colour,  and  very  brittle,  which  is 
pure  Iridium.  The  metal  in  this  ftate  is  foluble 
only  in  nitro-muriatic  acid,  and  that  in  fmall 
quantity,  and  with  confiderable  difficulty.  The 
colour  of  the  folution  is  a very  deep  red,  wliich 
is  deftroyed  by  green  fulphat  cf  iron.  It  affords 
no  precipitate  with  muriat  of  ammonia;  with 
pruffiat  of  potiifii  it  gives  a brown  precipitate, 
which  becomes  green  by  the  a£Iion  of  the  air. 
When  added  to  a folution  of  pure  platina,  it 
caufes' the  precipitate  of  this  latter  by  fal-am- 
moniac,  to  be  of  a deep-red  colour,  inftead  of 
the  light  yellow  which  it  affords  when  pure. 

Mr.  Tennant  feparated  the  iridium  from  the 
other  metals  with  which  it  is  mixed,  in  the 
following  manner.  He  treated„the  black  pow- 
der alternately  with  cauftic  foda,  and  muriatic 
acid : the  acid  folution,  confifting  chiefly  of 
muriat  of  iridium,  was  of  a dark-blue  colour, 
which  afterwards  became  of  a dufky  olive-green, 
and  finally,  by  continuing  the  lieat,  of  a deep- 
red  colour.  By  flow  evaporation  of  the  folution 
only  an  imperfedfly  cryftallized  faline  mafs  was 
obtained,  but  this  being  dried  on  blotting  paper 
and  again  dilfolved  in  water,  afforded  on  evapo- 
ration diftinft  odtohedral  cryftals.  Thefe  cryf- 
tals  are  the  pure  muriat  of  iridium,  and  when 
dilfolved  in  water  give  a deep  orange-red  co- 
loured folution.  With  an  infufion  of  galls  no 
precipitate  is  formed,  but  the  colour  of  the 
folution  is  inflantly  and.almoft  entirely  taken 
away.  Muriat  of  tin,  carbonat  of  foda,  and 
pruffiat  of  potafh,  produce  nearly  the  fame 
effect.  Ammonia  precipitates  the  oxyd,  but 
if  in  excefs,  rediffolves  a portion,  forming  a 
purple  liquor.  The  pure  fixed  alkalies  throw 
down  the  ox'*!  of  a brown  colour,  but  retain 
a part  in  folution,  and  thus  acqu'~e  a yellow 
colour.  Mindat  of  iridium  is  decoinpoftd  by 
all  the  metals  except  gold  and  plrtina,  a black 
precipitate  being  thrown  down,  which  doubtlefs 
is  metallic  iridium.  It  may  al-o  bo  obtained 
pure  by  heating  the  occohedral  muriat,  which 
expells  the  oxygen  and  acid  ; the  metal  remains 
of  a white  colour,  and  nearfy  infufible.  It 
does  not  combine  either  with  fuiphur  o’"  anenic; 
it  unites  with  lead,  but  is  readily  feparable  by 
cupellation.  With  copper  it  forms,  a very  mal- 
leable alloy,  as  it  alfo  does  with  filver.  Gold 
alloyed  even  with  a confiderable  quantity  of 
iridium,  is  perfedfly  malleable,  and  neaily  of 
the  fame  colour  wdth  pure  gold  : it  is  not  fepa- 
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rable  either  by  cupellation  or  quartation  : by 
digellion  in  nitro-muriatic  acid  the  gold  is  dil- 
folved,  and  the  iridium  remains  behind  in  the 
form  of  a black  powder. 

All  that  is  hitherto  known  of  the  ncwly-dif- 
covered  metal  called  Rhodium,  has  been  com- 
municated to  the  public  by  Dr.  Wolkifton.  " 
It  is  thus  procured.  Some  crude  platina 
being  digefted  in  moderately  dilute  nitro-muri- 
atic acid,  a brownifli-red  folution  is  obtained  : 
from  this  the  platina  is  to  be  feparated  for  the 
moll  part  by  muriat  of  ammonia,  and  the  refi- 
dual  liquor  is  to  be  heated  with  zinc  j by  this 
treatment  a black  powder  will  be  obtained,  and 
the  fupernatant  fluid  will  confift  of  the  muriats 
of  zinc  and  iron.  This  black  po  vder  by  di- 
geftion  in  very  dilute  nitric  acid,  will  be  freed 
from  the  copper  and  lead  which  it  ufually  con- 
tains, and  the  refidue  is  to  be  digefted  in  dilute 
nitro-muriatic  acid,  till  every  thing  foluble  is 
taken  up.  To  this  folution  a little  common  fait 
is  to  be  added,  and  the  whole  evaporated  to 
drynefs,  after  which,  by  repeatedly  walhing  with 
warm  alcohol,  the  foda-muriats  of  platina  and 
palladium  will  be  difl'olved,  leaving  behind  a 
pure  foda-muriat  of  rhodium. 

This  fait  is  readily  foluble  in  hot  water,  and 
depofits  on  cooling  rhomboidal  cryftals  of  a 
bright  rofe  colour.  Sal  ammoniac  occafions  no 
turbidnefs  in  the  folution,  but  if  a few  drops  of 
muriat  of  platina  are  added  to  the  mixture,  an 
immediate  yellow  precipitate  is  thrown  down. 
Neither  prufliat  of  potafh,  nor  hydrofulphuret 
of  ammonia,  nor  the  carbonated  alkalies,  pro- 
duce any  precipitate ; but  the  pure  .alkalies 
throw  down  a yellow  oxyd  refoluble  either  in 
alkalies  or  acids. 

The  muriat  of  this  metal  is  an  uncryftalli- 
zable  fait  of  a rofe  colour,  and  foluble  in  alcohol : 
with  nitre  or  the  muriats  of  ammonia  or  foda, 
are  formed  cryftallizable  triple  falts  infoluble 
in  alcohol. 

Nitrat  of  rhodium  is  alfo  uncryftallizable.  It 
appears  not  to  be  decompofable  by  filver,  but  is 
fo  by  copper,  mercury,  and  moil  of  the  other 
metals. 

The  foda  muriat  of  this  metal  affords  a black 
powder  by  digellion  with  zinc,  which  when 
heated  with  borax,  acquires  a white  metallic 
luftre,  but  is  infulible  by  any  heat  that  has 
hitherto  been  applied.  It  is  however  fufible 
cither  with  arfenic  or  fulphur,  and  may  be 
again  feparated  from  thefe  fubftances  by  heat, 
but  it  does  not  acquire  by  this  treatment  any 
degree  of  malleability.  It  combines  with  moll 
metals,  and  with  filver  and  gold  forms  very 

■ Phil.  Trant.  1804.  p.  419.  * Chenevix  in  Phil.  T 


malleable  alloys,  whicli  are  unaltered  by  a high 
heat,  but  become  encriilled  with  a black  oxyd 
when  llowly  cooled.  An  alloy  of  6 parts  of 
gold  and  I of  rhodium,  difters  but  little  in 
colour  from  fine  gold,  but  is  much  more  diffi- 
cultly fufible.  The  fp.  gr.  of  rhodium  appears 
to  be  fomewhat  more  than  1 1 . 

In  the  preceding  account  of  rhodium,  we 
have  mentioned  the  method  of  feparating  the 
foda-muriat  of  this  metal  from  the  foda-muriats 
of  platina  and  palladium,  by  means  of  warm 
alcohol.  This  being  done,  the  alcoholic  folution 
is  to  be  mixed  with  a folution  of  muriated  am- 
monia, by  which  the  greater  part  of  the  platina 
will  be  precipitated ; the  fupernatant  liquor 
being  then  poured  off  and  diluted,  there  is  to  be 
added  prufliat  of  potafh,  as  long  as  any  precipi- 
tate is  produced.  There  is  thus  obtained  a 
deep  orange  coloured  fediment,  which  changes 
by  degrees  to  a dirty  bottle  green  This  when 
dried  is  to  be  heated  with  a little  fulphur,  and 
fufed  into  a button, after  which  it  is  to  be  ftrongly 
heated  with  glafs  of  borax,  till  on  cooling  it 
acquires  a bright  metallic  furface ; being  now 
feparated  from  the  borax  and  expofed  to  the 
flame  of  the  blowpipe,  the  fulphur  is  volatilized, 
and  there  remains  behind  a fpungy  malleable 
metallic  mafs,  which  is  pure  Palladium.  ° 

This  metal  in  its  colour  greatly  refembles 
platina  j when  rolled  into  a thin  lamina  it  is 
very  flexible,  but  not  very  elaftic.  Its  fpecific 
gravity  varies  from  10.9  to  11.9.  Its  hardnefs 
is  fomewhat  fuperior  to  that  of  bar  iron  ; its 
fra6lure  is  fibrous,  and  it  is  very  malleable. 
When  heated  below  rednefs  it  acquires  a fuper- 
ficial  blue  tinge,  but  neither  at  this  nor  at  a 
higher  temperature,  is  there  the  leaft  appear- 
ance of  oxydation.  At  a full  white  heat  it 
enters  into  fufion.  It  readily  combines  with 
fulphur,  and  the  compound  is  brittle,  of  a 
whiter  colour  than  the  pure  metal,  and  fufible 
at  nearly  the  fame  degree  as  zinc. 

Palladium  unites  with  gold;  and  the  alloy, 
when  equal  parts  of  the  ingredients  are  ufed. 
Is  of  a grey  colour,  equal  in  hardnefs  to  wrought 
iron,  flightly  malleable,  and  of  a coarfe-grained 
fraifture.  Sp.gr.  11.07. 

Equal  parts  of  platina  and  palladium  form  an 
alloy  refembling  the  former  ingredient  in  colour 
and  hardnefs,  but  in  fufibillty  refembling  palla- 
dium. Sp.  gr.  1 5. 1. 

Equal  parts  of  palladium  and  filver  produce 
an  alloy  fomewhat  harder  than  filver,  and  in 
colour  refembling  platina,  only  whiter.  Sp. 
gr.  1 1.2. 

With  an  equal  weight  of  copper  this  metal 
■ans.  1-803.  p.  290.  Wollafton  in  ditto,  1804.  p.  426. 
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forms  a yellowifh  alloy,  harder  than  wrought 
iron,  and  fomewhat  brittle.  Sp.  gr.  10.3. 

With  an  equal  weight  of  tin,  a greyifli  alloy 
is  produced,  inferior  in  hardnefs  to  wrought 
iron,  and  extremely  brittle : its  texture  is  com- 
pact and  fine-grained.  Sp.  gr.  8.1. 

With  an  equal  weight  of  bifmuth  it  gives  a 
grey  alloy,  very  brittle,  and  nearly  as  hard  as 
fteel.  Sp.  gr.  12.5. 

Arfenic  increafes  the  fufibllity  of  this  metal, 
and  renders  it  very  brittle. 

Sulphuric  acid,  when  boiled  upon  palladium, 
diflblves  a fmall  portion,  and  acquires  a bright 
red  colour.  Muriatic  acid  alfo  by  long  ebulli- 
tion takes  up  a portion,  and  becomes^  of  a red 
colour.  Nitric  acid,  efpecially  when  yellow  and 
fuming,  adds  with  vigour  on  this  metal,  con- 
verting it  firfl  into  a red  oxyd,  and  then  dilfolving 
it.  Nitro-muriatic  acid  is  however  tlie  bell 
folvent  of  palladium,  and  forms  with  it  a beauti- 
ful red  folution.  From  thefe  acid  folutions  the 
alkalies  and  earths  throw  down  precipitates, 
moftly  of  a bright  orange  cokaur,  which  are 
partly  redlflblved  by  the  alkalies  if  added  in 
excefs  : the  fupernatant  liquor  of  the  precipitate 
by  ammonia,  is  often  of  a greenilh-blue.  The 
fulphats,  nitrats,  and  muriats  of  potafh  or  am- 
monia, produce  an  orange  precipitate,  as  they 
do  with  the  falts  of  platina.  All  the  metals, 
except  gold,  platina,  and  filVer,  occafion  a 
copious  precipitate  of  palladium  in  the  metallic 
ftate.  Recent  muriat  of  tin  produces  a dark 
orange  or  brown  precipitate  in  the  neutralized 
falts  of  palladium  ; but  if  added  to  excefs,  the 
liquor  remains  tranfparer.t  and  of  a beautiful 
emerald  green.  Green  fulphat  of  iron  throws 
down  the  palladium  in  the  metallic  ftate.  With 
pruffut  of  potafla  it  forms  an  olive-green  preci- 
pitate, and  with  fulphuretted  hydrogen  a dark- 
brown  one. 

Thefe  chara£fers  are  fuflicient  to  dlftinguifti 
palladium  from  platina,  and  every  other  of  the 
known  metals.  It  was  fufpe£fed  by  Mr.  Chene- 
vix  to  be  a compound  of  mercury  and  platina, 
but  the  experiments  of  this  gentleman  having 
totally  failed  in  the  hands  of  other  chemifts,  it 
muft  be  confidered,  for  the  prefent  at  leaft,  as 
a diftindt  metallic  fpecies, 

PLUMBAGO.  See  Coal.  Sp.  gr.  9. 
PNEUMATIC  APPARATUS.  See  Ap- 
pendix. 

POLIERSCHIEFER.  Polifhing  ftate. 

Its  colour  is  yellowifh-grey,  approaching  to 
cream-colour ; it  is  always  ftriped. 

It  occurs  in  mafs  : it  is  dull  internally.  Its 
longitudinal  fradture  is  flaty  ; the  crofs  fracture 


is  earthy.  Its  fragments  are  tabular.  It  is  foft ; 
adheres  to  the  tongue  *,  is  fine  but  meagre  to  the 
touch ; and  is  fometimes  fo  light  as  to  float  on 
water. 

It  occurs  in  the  vicinity  of  pfeudo- volcanoes 
in  Bohemia. 

PONDEROUS  EARTH  See  Barytes. 

PORCELAIN.  See  Pottery. 

PORCELAIN,  Reaumur’s.  See  Glass. 

PORPHYRY. 

A large  and  important  clafs  of  primitive  rocks 
Is  diftinguifhed  by  modem  mineralogifts  by  the 
name  of  porphyry.  It  is  eflential  to  porphyry 
to  confift  for  the  moft  part  of  a compa£l  paite, 
in  which  are  implanted  grains  or  folitary  cryftals 
of  felfpar,  of  the  fame  formation  as  the  principal 
part  of  the  rock.  There  are  however  feveral 
fpecies  of  rock  agreeing  with  this  definition, 
which  are  however  arranged  among  the  primi- 
tive or  fecondary  traps,  and  will  therefore  be 
treated  of  hereafter. 

There  are  five  fpecies  of  rocks  belonging  to 
the  proper  porphyritic  formation,  namely, 

1.  Hornftone  porphyry.  The  hornftone 
which  ferves  as  the  bafe  of  this  fubftance  is 
generally  red  or  green,  with  a cor.choidal  or 
fplintery  fracTure  ; and  it  inclofes  cryftals  of 
quartz  and  felfpar. 

2.  Felfpar  porphyry.  The  bafe  of  this  is 
commonly  red  compaiT  felfpar,  inclofing  cryf- 
tals of  felfpar  and  quartz 

3.  Sienitic  porphyry.  This  dllfers  from  the 
preceding  in  containing  cryftals  of  hornblende 
in  addition  to  the  other  ingredients. 

4.  Pitchftone  porphyry.  The  bafe  of  this  is 
pitchftone,  either  red,  green,  brown,  or  black. 

5.  Clay  porphyry,  of  which  the  bafe  is  indu- 
rated clay  paffing  into  hornftone;  it  is  generally 
of  a reddifh  colour,  and  contains  cryftals  of 
quartz  and  felfpar. 

Mountains  of  porphyry  are  not  ftralified  and 
never  inclofe  beds  of  other  fubltances.  Its 
texture  is  commonly  compaft  but  it  occafion- 
ally  occurs  in  fchiftone.  It  is  not  very  rich  in 
mineral  veins ; the  clay  porphyry  is  the  moft 
fo  ; the  rich  mines  of  Schemnitz  in  Hungary 
being  in  this  fpecies  of  rock. 

The  porphyritic  formation  Is  not  very  dlf- 
tlndlly  feparated  from  the  other  rock  formati- 
ons which  accompany  it,  nor  is  its  rank  among 
the  primitive  mountains,  with  regard  to  anti- 
quity, very  clearly  afeertained. 

Hornftone  porphyry  feems  to  be  the  oldeft 
of  the  clafs,  and  clay  porphyry  the  moft  recent. 
The  red  porphyries  are  employed  in  ornamental 
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2fcliitc£l:ure  for  columns,  &c.  and  are  much 
elleomed. 

PORZELLANERDE.  See  Clay  [Porcelain.) 

POTASH  of  Commerce.  See  Carbonat  cf 
Pot. of. 

POTASH,  Vegetable  Fixed  Alkali.  Geivachs- 
alknli.  Germ. 

The  term  potafh,  which  originally  fignifled 
one  fpecies  of  impure  carbonat  of  potafli,  and 
is  Hill  applied  to  it  in  commerce,  is  reftri6led 
in  the  modei'n  chemical  nomenclature  to  the 
pure  vegetable  fixed  alkali  free  from  carboriic 
acid  or  any  other  admixture. 

The  fources  of  this  alkali  have  been  mention- 
ed when  deferibing  its  carbonat,  and  it  is 
procured  entirely  from  the  vegetable  kingdom, 
but  Klaproth  has  difeovered  that  it  forms  about 
a fifth  part  of  the  compofition  of  leucite  and 
lepidolite,  and  probably  will  be  detected  in 
many  other  minerals  now  that  analyfts  are 
aware  of  its  exiftence  in  the  mineral  kingdom, 
fo  that  ftricStly  fpeaking,  the  term  vegetable  as 
applied  exclufively  to  this  alkali  is  incorrect. 

Potafli  is  eafily  prepared  in  tolerable  purity, 
but  with  difficulty  abfolutely  fo.  For  moft 
purpofes  of  chemical  analyfis  the  following  way 
is  fufficient.^  Sele£l:  a pure  carbonat  of  potaffi, 
/made  either  by  refining  common  pearlaffi,  or 
by  calcining  cream  of  tartar,  or  deflagrating  it 
with  equal  parts  of  nitrej  boil  it  with  fufficient 
water  in  a poliffied  iron  kettle  with  about  half 
its  weight  of  well  burnt  lime  from  white  marble 
for  a few  minutes,  drain  the  liquor  through 
linen,  wafii  the  bulky  mafs  of  flacked  and 
carbonated  lime  once  with  hot  water  to  extract 
the  adhering  alkali,  add  it  to  the  firfl;  liquor, 
and  without  waiting  to  filter  it,  reduce  the 
whole  by  boiling  till  it  is  of  a thick  fyrupy 
confiftence ; after  which  pafs  it  once  more 
through  linen  and  fet  it  by  in  a glafs  bottle. 
In  a day  or  two  the  liquor  becomes  perfeftly 
clear,  and  may  then  be  poured  off  from  the 
fediment,  and  kept  in  a well  Hopped  glafs 
bottle.  Liquid  potaffi  thus  prepared,  if  a very 
pure  carbonat  of  potafli  be  feledled,  will  be 
fufficiently  pure  for  moft  experiments.  The 
ufe  of  the  lime  is  to  abforb  the  carbonic  acid, 
and  the  precife  quantity  required  for  this  pur- 
pofe  depends  on  the  nature  of  the  lime,  and  its 
perfedl  calcination.  When  too  little  lime  has 
been  ufed,  the  alkaline  liquor  ftill  retains  a 
portion  of  carbonic  acid,  and  will  therefore 
become  turbid  with  lime  or  barytic  water, 
(which  turbidnefs  will  difappear  on  fuperfa- 
suratioij  by  any  acid,  whereby  the  precipitate 


is  diftinguiffied  from  that  formed  by  the  prefence 
of  a fulphat).  When  too  much  lime  has  been 
employed,  the  ley  contains  lime  in  folution  as 
w'ell  as  perfedlly  cauftic  alkali,  and  will  become 
turbid  by  adding  carbonic  acid  or  Amply  by 
blowing  through  it  from  the  mouth  for  a time, 
or  by  a ffiort  expofure  to  the  air.  For  the 
analyfis  of  earths  therefore  it  is  better  to  have 
a fmall  excefs  of  carbonic  acid,  which  effedlu- 
ally  excludes  lime.  The  lime  ffiould  be  of 
Carrara  marble  or  oyfter  fliells,  which  con- 
tain no  alumine,  as  the  latter  earth  is  readily 
diffolved  by  the  alkali,  and  is  with  difficulty  got 
rid  of.  The  a£lual  quantity  of  alkali  in  a given 
folution  is  determined  by  evaporating  it  to 
drynefs  in  a filver  crucible,  and  weighing  the 
white  folid  alkali  that  is  left.  Liquid  alkali 
prepared  in  this  M'^ay  is  known  to  be  pure  (that 
is,  free  from  earth,)  by  fuper-faturating  a little 
of  it  with  pure  nitric  or  muriatic  acid,  then 
adding  carbonat  of  ammonia  till  it  is  fenfibly 
ammoniacal,  ^nd  boiling  for  a few  minutes. 
If  no  earth  be  prefent  no  turbidnefs  will  enfue 
after  Handing  for  feveral  hours. 

Potaffi  as  commonly  prepared  however,  often 
contains,  befides  the  pure  alkali,  carbonic  acid, 
fulphat  and  muriat  of  potaffi,  manganefe,  filex, 
alumine,  and  oxyd  of  iron.  Of  thefe,  the 
three  firft  if  not  in  any  confiderable  quantity 
are  often  of  no  importance  in  the  analyfis  of 
minerals,  but  it  is  neceffary  that  the  chemift 
fliould  know  that  they  exift,  and  when  required 
ffiould  be  able  to  free  the  alkali  from  them. 
The  way  of  dete£Hng  the  prefence  of  earths  has 
juft  been  mentioned;  the  fulphuric  acid  may 
be  ffiewn  by  firft  faturating  the  alkali  by  per- 
fe£fly  pure  nitric  or  muriatic  acid,  and  then 
applying  a barytic  teft:  and  the  muriatic  acid 
may  be  difeovered  by  firft  faturating  with  the 
nitric,  and  then  precipitating  the  fulphuric  acid 
(if  any)  by  nitrat  or  acetite  of  barytes,  and 
laftly  tefting  with  nitrat  of  filver.  The  way  of 
preparing  potaffi  perfedlly  pure  is  by  cryftalli- 
zation  of  the  pure  alkali  either  from  the  watery 
folution  or  from  the  folution  in  alcohol.  There 
are  however  fome  flight  objeflions  to  each 
mode,  though  both  of  them  anfwer  fufficiently 
well  for  all  purpofes  when  made  with  care. 

When  a folution  of  potaffi  with  the  above 
impurities  is  evaporated  gradually,  as  foon  as 
it  has  reached  a certain  point  of  concentration, 
the  fulphat  and  muriat  of  potafli  begin  to  fepa- 
rate,  being  much  lefs  foluble  than  the  alkali 
itfelf,  afterwards  the  carbonat  of  potafli  cryfta^- 
lizes,  and  laftly  the  pure  alkali,  and  the  form 
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cf  the  latter  cryftals  is  fo  different  from  the  reft 
that  they  cannot  be  eafily  miftaken.  It  fliould 
always  be  remembered  in  thefe  operations  that 
potafti  is  extremely  greedy  of  carbonic  acid, 
which  it  abforbs  from  the  air  very  fpeedily,  fothat 
all  evaporations  ftiould  be  made  as  much  as  poffi- 
ble  in  narrow-mouthed  veffels,  and  at  a boiling 
heat  that  the  fteam  which  is  conftantly  pafling 
off  may  preferve  the  liquor  from  the  contaft  of 
air.  All  flow  evaporation  in  the  open  air  is 
therefore  entirely  inadmiflible,  as  it  would  allow 
the  whole  of  the  alkali  to  be  converted  into  a 
carbonat. 

M.  Lowitz  of  Peterfburgh,  has  given  very 
good  direftions  for  obtaining  pure  cryftals  of 
potafh  by  fimple  evaporation  of  the  cauftic  ley, 
and  Perthollet  has  explained  with  his  ufual 
accuracy  the  procefs  by  alcohol.  That  of 
Lowitz  is  the  following  make  a ftron^  ley 
with  carbonat  of  potafti  and  lime  in  the  ufual 
way,  ftraln  it  through  cloth  and  evaporate  it  at 
a boiling  boat  in  a veffol  of  very  clean  iron  till 
a ftrong  peiiitle  appears  on  the  furface.  Cover 
the  veifel,  and  let  the  liquor  cool,  by  which 
moft  of  the  neutral  falts  and  carbonat  of  potafh 
cryftallize.  Pour  off  the  clear  folution  and 
evaporate  it  further,  during  which  feum  off 
from  the  furface  the  faline  pellicle  as  long  as  it 
forms.  When  this  has  ceafed,  remove  it  from 
the  fire  and  ftir  it  inceffantly  till  cold.  Then 
redilTolve  it  in  twice  its  weight  of  cold  water, 
filter  the  folution  and  evaporate  it  in  a glafs  re- 
tort (or  what  is  better,  a clofe  veflel  of  filver  or 
filver-plate)  till  it  begins  to  depofit  regular 
cryftals  which  are  now  pure  potafh.  When  all 
the  cryftals  have  depofited,  feparate  them  from 
the  liquor  (which  is  always  brown)  let  them 
drain  in  a clofe  vefTel,  rediflblve  them  and  again 
cryftallize  them  as  before  till  they  form  with 
vyater  a perfeftly  tranfparent  folution.  The 
liquor  by  further  evaporation  will  furnifli  more 
of  the  cryftals  of  potafh  till  it  is  almoft  ex- 
haufted.  Some  nicety  of  management  is  re- 
quired in  the  laft  procefs,  for  if  the  folution  be 
too  much  concentrated  before  it  cools,  the 
whole  congeals  into  a folid  white  mafs,  which 
muft  be  a little  diluted,  and  again  brought  to  a 
boiling  heat  in  order  to  cryftallize. 

The  cryftals  of  potafh  formed  in  this  v/ay 
aflume  the  form  of  very  thin  broad  plates 
crofting  each  other  in  every  diredlion,  and  fo 
compleatly  ftiutting  in  the  mother  liquor,  that 
a bottle  full  of  the  mixture  of  cryftals  and 
folution  may  often  be  inverted  without  fpilling 
a drop  of  the  liquor.  When  melted  in  a red 
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heat  in  a filver  veftel,  thefe  cryftals  run  into  a 
rhafs  of  a fnowy  whitenefs. 

The  other  method  of  obtaining  pure  potafh  is 
by  means  of  alcohol.  Of  all  the  fubftances 
contained  in  common  potafh,  namely  potafh, 
carbonat  of  potafh,  alumine,  fllex,  fulphat  and 
muriat  of  potafti,  only  the  firft  is  to  any  notable 
degree  foluble  in  v/cll  redfified  alcol-ol.  fo  that 
the  purification  of  potafh  would  appear  to  be 
effefted  by  this  means  with  perfedl  accuracy 
and  fimplicity,  and  is  fo  to  a great  degree, 
though  the  curious  refearches  of  Berthollet  on 
this  fubjedl  fliew  that  there  are  fome  decompo- 
fitions  that  take  place,  which  might  not  be  at 
firft  fufpeefed.  The  experiments  of  this  ex- 
cellent chemift  are  the  following.=^  A cauftic 
ley  w'as  prepared  in  the  ufual  way  from  common 
carbonat  of  potafti  and  lime,  and  was  boiled 
down  in  an  iron  veftel  till  it  began  to  thicken. 
It  was  then  put  into  a retort  and  alcohol  was 
poured  on  it,  and  boiled  for  a while  till  part  of 
the  fpirit  had  diftilled  over.  When  cold,  the 
retort  contained  two  diftimft  liquors,  the  loweft 
was  of  a dark  colour,  and  at  the  bottom  of  it 
were  a number  of  faline  cryftals,  (which  proved 
to  be  carbonat  of  potafti)  mixed  with  a black 
earthy  matter:  the  upper  liquor  was  lefs  colour- 
ed, and  confided  chiefly  of  the  alcohol  holding 
the  potafti  in  folution.  The  lower  liquor  was 
a faturated  folution  of  carbonat  of  potafti  in 
water,  and  ftrongly  effervefeed  with  acids,  and 
the  earthy  impurities  were  either  obtained  from 
the  lime,  or  originally  contained  in  the  carbonat 
of  potafti  employed.  The  alcoholic  folution 
did  not  effervefee  with  acids  nor  precipitate 
lime  water,  but  it  flightly  troubled  muriat  of 
barytes  and  gave  a fniall  quantity  of  effervefeing 
precipitate,  which  ftiewed  that  fome  carbonat 
of  potafti  was  ftill  contained.  This  foiution 
was  then  boiled  in  a retort  till  part  of  the- 
alcohol  had  diftilled  off,  and  on  cooling  it 
feparated  into  two  liquors  immifcible  by  ftiaking, 
the  upper  part  of  which  appeared  like  a yellow 
oil,  and  gave  no  longer  any  indic.ition  of  car- 
bonic acid,  and  was  now  a folution  of  as  pure 
potafh  as  couid  be  obtained.  By  evaporation, 
and  cooling  at  a certain  point  of  concentration, 
clear  cryftals  of  potafti  feparated,  but  the  mother 
liquor  gradually  aftumed  a darker  colour.  The 
lower  of  tliefe  two  liquors  alfo  contained  con- 
fiderably  pure  potalh,  which  cryftallized  by 
evaporation,  but  it  was  nftxed  with  fome  car- 
bonat of  potafti,  and  the  folvent  was  chiefly 
water  with  a very  little  alcohol.  If  the  entire 
alcoholic  folution  of  potafti  is  diftilled  to  drynefs 
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it  .becomes  gradually  of  a very  dark  brown 
colour,  and  is  then  efFervefcent,  though  it 
{hewed  no  traces  of  carbonic  acid  before  the 
boiling.  The  pure  cryllals  of  the  alkali  when 
fnnply  heated,  lofe  their  water  of  cryflalli- 
zation  but  do  not  acquire  the  property  of 
effervefcing.  But  if  thefe  fame  cryllals  are 
dilTolved  in  frefh  alcohol,  the  folution  which 
when  cold  is  clear  and  colourlefs,  turns  yellow 
as  foon  as  boiling,  by  evaporation  the  colour 
deepens,  and  even  when  highly  concentrated 
it  now  refufes  to  cryftaliize,  and  at  laft  when 
defecated,  if  water  is  added,  though  the  alkali 
is  redilTolved,  there  remains  a brownift  refin- 
ous  infoluble  matter. 

The  adlion  of  alcohol  on  potafli  feems  there- 
fore to  be  the  following:  it  firft  dilTolves  the 
potafli,  and  feparates  from  it  the  greater  part 
of  the  carbonated  alkali  which  common  potafh 
contains,  but  a fmall  portion  of  it  is  retained 
till  the  folution  is  concentrated,  when  the 
more  watery  part  of  the  alcohol  feparates  from 
the  purer  fpirit,  and  the  carbonat  of  potafli 
follows  the  former. 

But  befides  this,  a feparate  a£lion  is  exerted 
by  the  potalh  on  the  alcohol,  whereby  the  fpirit 
is  in  part  decompofed,  and  furnilhes  both 
carbonic  acid  and  a blackifli  refinous  matter, 
and  thus  the  alkali  is  again  rendered  flightly 
effervefeent,  and  the  folution  by  diflblving  this 
refinous  matter  becomes  high  coloured. 

This  gradual  formation  of  carbonic  acid  by 
the  adlion  of  potafh  on  alcohol,  which  is  not 
adverted  to  in  Berthollet’s  original  memoir,  is 
fully  proved  by  Pelletier,  who  fliews  that  the 
fame  change  will  take  place  even  without  heat, 
when  the  folution  is  kept  for  a confiderable 
time,  and  the  whole  alkali  is  gradually  changed 
to  a carbonat. 

From  what  has  been  obferved,  it  will  follow 
that  the  alcohol  Ihould  be  allowed  to  remain 
only  a Ihort  time  on  the  potafh,  and  the  purell 
poffible  alkali  may  be  prepared  Amply  in  the 
following  way-:  feledl  a very  pure  carbonat  of 
potafh,  render  it  cauftic  by  lime,  (leaving  rather 
a little  carbonic  acid  than  an  excefs  of  lime,) 
boil  down  the  ley  to  drynefs,  then  add  highly 
redlified  alcohol,  a d boil  the  mixture  for  a 
■minute  or  two,  and  fet  it  by  in  a well  clofed 
vefl'el.  Then  pour  off  the  alcoholic  folution, 
ovaporate  it  rapidly,  and  immediately  bring  it 
to  p rfe£l  drynefs.  which  will  leave  a white 
faline  mafs,  fometimes  covered  with  a black 
cruft  which  may  be  removed,  and  the  reft  is  as 
pure  potafh  as  can  be  required  for  chemical 


purpofes,  containing  no  earth  nor  other  foreign 
ingredient  than  a little  of  the  refinous  matter 
from  the  alcohol,  which  is  of  no  importance  in 
analyfis.  Or  if  abfolute  purity  is  required,  the 
cryftals  of  potafh  feparated  from  the  alcoholic 
folution  may  be  employed. 

The  method  of  affaying  alkali  for  earth 
and  carbonic  acid  has  been  mentioned,  but  it 
may  be  right  to  notice  a caufe  of  miftake  which 
may  occur.  If  to  a very  concentrated  folution 
of  perfedlly  pure  potafh  in  alcohol  be  added 
lime  water,  or  muriated  barytes,  or  barytic 
water,  a precipitate  will  occur  which  might 
lead  to  fi'npofe  that  carbonic  acid  was  prefent, 
but  in  this  Cafe  the  precipit.ite  is  pure  lime  or 
barytes,  ana  not  a carbonated  earth,  which  is 
feparated  from  its  folvent  by  the  alcohol  of  the 
folution,  and  is  rediflblved  on  adding  diftilled 
water,  which  the  carbonated  earth  is  not. 

In  preparing  cauftic  potafli  it  fliould  be 
remembered  that  the  folution  of  potafli  at  a 
boiling  heat  when  highly  concentrated,  readily 
a£ls  upon  glafs,  and  foon  diflolves  a fufficient 
quantity  materially  to  alter  and  impair  its  purity. 
In  this  cafe  it  gives  a gelatinous  precipitate  with 
acids,  which  is  the  filex  of  the  glafs.  There- 
fore in  preparing  the  alkali,  all  boiling  and 
evaporating  when  the  liquor  is  concentrated 
fhould  be  performed  in  bright  iron  vefTels,  or 
(for  perfedl  purity)  in  thofe  of  filver  or  plated 
copper. 

The  alcohol  diftilled  off  potafli  carries  up 
with  it  fufficient  alkali  to  turn  fyrup  of  violets 
green.** 

Potafli  is  a fimple  fubftance  as  far  as  has 
been  hitherto  examined,  though  there  is  fame 
reafon  for  fufpedling  it  to  be  a compound. 
When  folid  and  dry  it  is  a white  fait  intenfely 
acrid  to  the  tafte,  and  corroding  the  fkin  of 
the  tongue  almoft  inftantly. 

It  exerts  the  fame  adlion  on  every  other  part 
of  the  body,  fo  that  when  touched  with  the 
moiftened  hand  it  has  a greafy  feel,  owing  to 
the  inftant  aiflion  which  it  begins  upon  the 
cuticle  of  the  fingers.  It  is  extremely  foluble  in 
water,  and  is  one  of  the  moft  deliquefcent  fub- 
ftances  known  and  hence  it  is  ufefully  employed 
in  experiments  to  abforb  moifture  from  any  gas 
in  which  it  is  confined.  Along  with  moifture 
it  abfoTbs  carbonic  acid  with  great  rapidity. 

Potafh  melts  at  a moderately  red  heat  and  then 
runs  into  a clear  liquid  as  thin  as  water,  which 
becomes  opake  on  cooling,  and  generally  affumes 
a greenifh  tinge,  the  caufe  of  which  is  not  well 
known.  At  a full  red  heat  (luch  as  that  of 
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melting  copper)  potafli  is  readily  volatilized,  and 
flies  oft'in  a denfe  vapour  which  is  eafily  perceived 
when  a crucible  holding  it  thus  heated  is  fudden- 
ly  uncovered.  This  vapour  is  potafh  unaltered. 

Potalh  diflblves  all  earths  with  extreme 
facility  by  fufion,  and  even  in  watery  folution 
with  the  afliftance  of  heat.  The  mixture  of 
potalh  and  earth  is  foluble  in  water  when  the 
alkali  is  in  excefs,  and  the  folution  depofits  the 
earth  when  faturated  by  an  acid. 

Potafli  when  folid  and  deprived  of  Its  water 
of  cryflallization  produces  a fcnfible  heat  when 
mixed  with  water;  but  the  cr^als  of  potafh 
form  with  fnow  or  powdered  ice  one  of  the 
moft  powerful  freezing  mixtures  that  is  known, 
and  which  is  defcribed  under  the  article  Freezing. 

Potafh  unites  with  all  acids,  producing  falts 
that  are  defcribed  under  thefe  articles  refpec- 
tively  or  thofe  immediately  fucceeding.  For  the 
general  properties  which  it  pofTefTes  fee  Alkalr. 
and  for  its  aftion  upon  the  earths  in  the  moift 
or  dry  way  upon  Oils,  Sulphur,  Phofphorus,  fee 
thefe  articles  and  thofe  of  Soap  and  Glafs. 

Potafli  when  highly  concen-trated  is  very  apt 
to  caufe  glafs  phials  in  which  it  Is  kept  to  crack. 
It  alfo  feems  to  contra£l  a very  clofe  union 
with  glafs  in  any  form,  fo  that  the  drop  or  two 
which  wets  the  fpace  between  the  ftopper  and 
the  neck  of  the  phial,  will  after  a while  cement 
it  together  fo  ftrongly  as  to  require  much  pains 
and  perfeverance  to  feparate  them  unlefs  pre-> 
vioufly  oiled. 

An  impure  potafh  melted  and'  caff  Into 
moulds.  Is  ufed  in  furgery  as  a valuable  and 
powerful  cauftic.  It  Is  mixed  with  foap,  and 
applied  in  the  form  of  a foft  pafte  to  the  llcin, 
and  in  fome  hours  it  deflroys  the  life  of  the 
part  to  which  it  is  applied,  which  portion  after 
a while  comes  out  in  the  form  of  a deep 
flough. 

This  alkali  refembles  foda  fo  clofely  in  tafte, 
appearance,  and  general  chemical  properties, 
that  they  are  not  readily  diftinguifhable  in  any 
other  way  than  by  uniting  them  with  the 
feveral  acids  and  examining  the  neutral  falts 
refulting  from  this  combination.  The  falts 
that  are  moft  readily  diftinguifhable  are  the 
fulphats,  nitrats,  and  tartrites.  Thus  the  ful- 
phat  of  potafh  is  a hard  bitter  fait,  requiring 
much  water  for  folution,  and  therefore  a faline 
precipitate  of  fulphat  of  potafh  is  formed  when 
the  acid  and  alkaline  folution  are  fomewhat 
concentrated  when  added:  whereas  the  ful- 
phat of  foda  is  very  foluble,  and  differs  effen- 
tially  in  its  form  of  cryflallization  from  the 
other.  The  nitrat  of  potafh  cryflallizes  in  long 


fix-fided  prifms,  but  the  nitrat  of  foda  in  cubes. 
The  acid  of  tartar  alfo  is  a very  ufeful  tefl.  If 
the  alkali  to  be  examined  is  firfl  diffolved  in 
muriatic  or  any  other  acid,  and  a folution  of 
tartareous  acid  added.  If  the  fait  has  potafli  for 
its  bafis,  there  will  be  a precipitate  of  tartar  in 
a few  feconds,  but  the  mixture  will  remain 
clear  if  the  bafis  of  the  fait  is  foda.  The 
nitro-muriat  of  platina  alfo  decompofes  all  falts 
with  potafli,  but  not  with  foda. 

The  affinities  of  potafh  are  in  the  following 
order:  the  fulphuric  acid,  nitric,  muriatic, 
phofphoric,  fluoric,  oxalic,  tartaric,  arfenic, 
fuccinic,  citric,  fulphureous,  acetic,  carbonic 
and  pruffic. 

This  order  however,  as  in  other  cafes  of 
affinity,  is  to  be  taken  with  very  confiderable 
limitations,  and  in  particular  does  not  apply 
where  the  fame  acid  forms  both  an  acidulous 
and  a neutral  fait  with  potafh,  as  in  the  cafe  of 
the  tartareous  jufl  mentioned,  which  will  par- 
tially decompofe  even  fulphat  of  potafli,  that  is, 
to  the  point  at  which  the  acidulous  tartrite  is 
formed,  but  no  further. 

POTTER’S  LEAD  ORE  is  the  term  ufually 
given  to  the  common  galena.  See  Lead. 
POTTERY  AND  PORCELAIN. 

Our  limits  would  not  allow  us  (even  if  we 
had  the  means!  to  enter  into  any  detailed  de- 
fcription  of  the  antient  and  beautiful  and  moft 
ufeful  art  of  pottery,  efpecially  as  the  moft 
eflentlal  part  of  it  can  hardly  be  called  a chem- 
ical operation,  though  confiderably  conne£led 
with  chemiftry  in  many  of  the  fubordinate  parts. 
We  fliall  therefore  give  but  a Angle  example  of 
the  procefs  by  which  a lump  of  plaftic  earth  is 
converted  into  a hard  brittle  vefl'el,  and  add  fome 
obfervations  on  that  part  of  the  manufacture 
which  is  peculiarly  deftincdfor  chemical  ufes. 

The  effential  material  of  pottery  Is  clay, 
which  alone  poffiefles  the  two  requifite  qualities 
flrft,  of  being  in  its  natural  flate  fo  plaflic  that 
with  water  it  becomes  a foft  uniformly  extenfibl’e 
mafs,  capable  of  taking  and  retaining  any  form, 
and  fecondly,  that  when  it  Is  thoroughly  dried 
and  has  undergone  a red  heat  for  a time,  it 
lofes  this  plafticity,  is  no  longer  retentive  of 
water  to  any  confiderable  degree,  becomes  hard, 
clofe  in  texture,  and  able  more  or  lefs  perfecElly 
to  retain  all  liquids  contained  within  its, hollow. 

The  various  compoAtion  of  Clay  has  been 
defcribed  under  that  article  and  Alumine,  and  it 
has  been  there  ffiewn,  that  though  clay  owes 
its  plafticity  to  alumine,  it  feldom  contains  fo 
much  of  this  as  of  other  earths,  and  is  in  fa£l: 
a very  compound  fubftance. 
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Many  of  the  impure  coloured  natural  clays 
arc  of  themfelves  fufficiently  mixed  with  other 
earths  for  the  potter’s  ufe  without  addition,  but 
the  while  and  finer  clays  moftly  require  dilution 
with  filex  in  one  form  or  other,  which  can  be 
done  to  a very  confiderable  degree  without 
taking  away  the  plafticity  requifite  for  working. 

The  moll  material  circumltances  required  to 
be  confidered  in  fele£ling  the  materials  for 
pottery  appear  to  be  chiefly  plafticity,  flirinkage, 
iblidity,  and  compaftnefs  after  drying;  colour, 
and  fufibillty. 

The  plafticity  feems  to  be  Amply  owing  to 
the  quantity  of  clay  ufed,  that  is  to  fay,  relative- 
ly to  the  original  plafticity  of  the  clay  itfelf, 
for  this  quality  is  not  the  fame  in  all  clays 
equally  aluminous,  but  is  much  lefs  in  propor- 
tion in  the  indurated  clays,  and  is  increafed  by 
expofure  to  air. 

The  texture,  including  the  qualities  of  hard- 
nefs  and  compa6lnefs,  depends  partly  on  the 
mixture  of  filiceous  ingredient  with  the  clay, 
and  partly  on  the  heat  employed  in  the  burning 
of  the  pottery.  The  purer  natural  clays  are 
almoft  infufible  in  any  furnace-heat,  their 
hardnefs  is  nearly  progrelTive  with  the  intenfity 
of  the  fire,  but  they  have  the  eflTential  defe£ls 
of  drying  very  flowly,  of  (hrinking  very  con- 
fiderably,  and  of  becoming  rifty  or  full  of 
minute  cracks  when  dried,  fo  as  on  this  account 
to  be  porous.  It  is  therefore  neceflary  to  mix 
them  intimately  with  any  other  earth  of  qualities 
oppofite  to  thofe  of  clay,  that  is,  which  abforbs 
but  little  water  and  readily  parts  with  it, 
(qualities  dire£lly  oppofite  to  plafticity)  and 
which  dries  compa6l  and  clofe. 

The  colour  of  the  earths  ufed  is  alfo  of 
dlential  importance  in  the  finer  pottery,  in 
which  the  great  defideratum  is  to  find  a clay 
which  after  burning  remains  perfedlly  white. 
'The  appearance  before  burning  cannot  always 
be  depended  on,  for  though  in  general  the 
whiteft  clays  before  burning  are  thofe  that 
remain  white  afterwards,  it  is  only  in  a few 
diftri£ls  where  clays  are  found  that  remain  ab- 
folutely  white.  Thus  there  is  found  at  the  foot 
of  a range  of  high  hills  that  direclly  overlook 
the  Staffordfliire  potteries,  a ftratum  of  white 
clay  to  appearance  fully  equal  if  not  fuperior  to 
the  beft  Devonlhire  clays,  but  it  cannot  be 
employed  for  the  fine  pottery,  as  it  acquires  in 
burning  a yellowilh  cream  colour,  which  no  art 
can  correcl.  The  colour  is  fuppofed  to  depend 
on  iron. 

The  fufibility  of  clays  and  other  pottery 
earths  is  a fubjedl  of  extreme  importance  as  it 


is  on  this  that  the  diftin£lion  between  Pottery 
and  Porcelain  chiefly  depends. 

Under  the  article  Glafs  we  have  treated  at 
confiderable  length  on  the  fufibility  of  earthy 
mixtures,  to  v^hich  therefore  we  fhall  refer  our 
readers.  Porcelain  may  be  defined  to  be  a 
fpecies  of  pottery  ware  compofed  of  an  earthy 
mixture  which  refifts  compleat  fufion  in  a very 
confiderable  heat,  but  has  been  brought  by  a 
lefs  heat  than  its  melting  point  to  a ftate 
of  incipient  fufion,  and  thereby  acquired  ex- 
treme hardnefs,  fonoroufnefs,  femitranfparency, 
and  a femi-conchoidal  fplintery  fraiflure,  ap- 
proaching to  the  vitreous  which  is  compleatly 
conchoidal.  This  laft  is  quite  a diftinftive 
charadter  between  porcelain  and  pottery,  for 
the  fra£lure  of  the  latter  is  Amply  granular.  It 
appears  probable  therefore  that  no  chemical 
aftion  takes  place  in  any  pottery  mixture  till  it 
arrives  at  the  ftate  of  porcelain.  The  moft 
perfetft  and  beautiful  porcelains  of  Japan  and 
China  are  compofed  (as  appears  from  the  beft 
teftimony)  of  one  earth  in  which  filex  predomi- 
nates, and  which  melts  in  a ftrong  fire,  and  of 
another  which  is  infufible  per  and  by  an 
union  of  thefe  alone  (as  it  appears)  a porcelain 
is  produced  which  fcarcely  vitrifies  at  the 
utmoft  furnace  heat  which  art  can  produce. 
This  fubftance  has  the  united  excellencies  of 
being  very  hard,  of  a beautiful  femi-tranfpa- 
rence,  very  white  where  not  artificially  colour- 
ed, very  tough  and  cohefive,  fo  that  it  has 
ftrength  enough  for  the  purpofes  for  which  it  is 
defigned  when  made  very  thin,  and  it  bears 
fudden  heating  and  cooling  without  cracking. 

Of  the  beautiful  European  porcelains  which 
have  been  made  in  imitation  of  the  oriental,  it 
fliould  feem  that  none  of  them  precifely  unites 
all  its  diftinguifhing  qualities.  Earthy  mixtures 
have  been  made  equally  ftrong,  tough,  and 
infufible,  and  as  truly  porcellauous  when  burnt, 
but  thefe  have  not  exa£lly  equalled  the  beft 
Japanefe  in  delicate  whitenefs  and  luftre.  But 
as  the  latter  are  the  moft  eflential  qualities, 
that  of  infufibility  has  been  in  general  facrificed, 
(which  indeed  is  of  no  confequence  for  any  of 
the  common  ufes  of  porcelain)  and  therefore 
thofe  that  come  up  to  the  oriental  in  beauty  and 
delicacy,  of  which  there  are  feveral  manufac- 
tures in  different  parts  of  Europe,  for  the  moft 
part  foften  and  melt  down  In  the  moft  intenfe 
heat  of  a wind-furnace,  at  which  the  true 
Nankin  and  Japanefe  undergo  no  change. 

The  manufadlure  of  tlie  ordinary  pottery  is 
on  the  whole  very  fimple,  where  the  due  felec- 
tion  of  materials  is  made,  but  it  is  the  more 


POT 


POT 


( ) 


tklicate  ornamental  part,  the  modelling,  ena- 
melling, painting,  gilding,  &c.  which  difplays 
fo  much  exquifite  beauty  and  which  requires 
a combination  of  perfeverance,  (kill,  and  prac- 
ical  nicety  of  management,  that  is  hardly  equal- 
led in  any  other  chemical  manufadfure. 

The  intimate  mixture  of  the  ingredients  ufed 
in  pottery  is  of  great  importance  to  the  beauty, 
compadtnefs  and  foundnefs  of  the  ware.  For- 
merly the  wet  clay  and  ground  flint  (or  what- 
ever was  the  other  material)  were  beaten 
together  with  great  and  long-continued  manual 
labour,  no  more  water  being  added  than  was 
neceflary  to  render  the  clay  thoroughly  plaftic. 
This  laborious  (and  therefore  expenfive)  method 
has  now  been  laid  afide  in  the  larger  potteries, 
and  the  ingenious  way  has  been  fubftituted  of 
bringing  each  material  firft  to  an  impalpable 
powder,  and  diffufing  them  feparately  in  as 
much  water  as  will  bring  them  to  the  confift- 
ence  of  thick  cream,  mixing  them  in  due 
proportion  by  meafure,  and  when  thoroughly 
ftirred  together,  evaporating  the  fuperfluous 
water  till  the  mafs  is  brought  to  a due  confift- 
ence  for  working. 

The  following  is  the  common  procefs  ufed 
In  Staffordfhire  for  making  the  ordinary  ware. 
The  materials  are  a fine  clay  brought  chiefly 
from  Devonfnire,  and  a filiceous  ftone  called 
Chert.,  or  elfe  common  flint  reduced  to  powder 
by  heating  red  hot,  quenching  in  water,  and 
then  grinding  by  wind-mills  to  a fubtle  powder. 
Each  material  is  pafled  through  fine  brafs  fieves, 
then  diffufed  in  water,  mixed  by  meafure,  and 
brought  to  a plaftic  ftate  in  the  way  juft  men- 
tioned. A lump  of  this  is  then  thrown  on  the 
potter’s  wheel,  and  by  the  workman’s  hands 
affifted  by  a fmall  blunt  iron  knife-blade  it  is 
fafhioned  into  the  fhape  required,  when  circular, 
fuch  as  cups,  faucers,  plates,  &c.  but  when  made 
oval,  or  to  any  pattern  form,  it  is  moulded  on  a 
plafter  model.  Handles  and  fpouts  are  then 
ftuck  on  if  required,  and  the  piece  after  being 
again  fmoothed  and  the  fhape  more  accurately 
touched  up,  is  fet  to  dry  for  fome  days  in  a 
warm  room,  where  it  becomes  fo  hard  as  to 
bear  handling  without  altering  its  fliape.  When 
dry  enough,  it  is  enclofed  along  with  many 
others  in  baked  clay  cafes  of  the  fhape  of 
band-boxes,  called  feggars,  which  are  made  of 
the  coarfe  clays  of  the  country.  Thefe  are  next 
ranged  in  the  kiln  or  furnace  fo  as  to  fill  it 
except  a fpace  in  the  middle  for  the  fuel. 
Here  the  ware  is  baked  till  it  has  remained 
fully  red-hot  for  a confiderable  time,  which  in 


the  larger  kilns  confumes  lo  or  15  tons  of  coal, 
after  which  the  fire  is  allowed  to  go  out,  and 
when  all  is  cooled,  the  feggars  are  taken  out 
and  their  contents  unpacked.  The  entire  con- 
tents of  one  kiln  will  fometimes  exceed  30,000 
different  pieces  of  pottery.  The  ware  is  then 
in  the  ftate  of  hifcuit\  it  is  perfeft  pottery,  very 
hard,  beautifully  white  with  a flight  lhade  of 
yellow,  and  of  a fmooth  furface,  quite  void  of 
glofs,  much  refembling  a clean  egg-ffiell. 

The  next  procefs  is  the  glazing,  which  is 
performed  on  all  pottery  intended  for  domeftic 
ufe.  For  this  purpofe  the  bifcuit  ware  is  dipped 
in  a tub  containing  a mixture  of  about  60  parts 
of  litharge,  10  of  clay,  and  20  of  ground  flint, 
diffufed  in  water  to  a creamy  confiftence,  and 
when  taken  out  enough  adheres  to  the  piece  to 
give  an  uniform  glazing  when'  again  heated. 
The  pieces  are  then  again  packed  up  in  the 
faggars,  with  fmall  bits  of  pottery  interpofed 
between  each,  and  fixed  in  a kiln  as  before. 
The  glazing  mixture  fufes  at  a very  moderate 
heat  and  gives  an  uniform  gloffy  coating,  wdiich 
finifhes  the  procefs  when  it  is  intended  for  the 
common  white  ware.  But  the  painting  and 
gilding,  each  require  feparate  procefles. 

Something  may  be  added  in  this  place  on  the 
pottery  employed  in  chemical  operations.  For- 
merly when  chemifts  made  their  owm  crucibles, 
muffles,  &c.  this  was  a very  important  branch 
of  praHical  knowledge  to  every  chemift,  but  at 
prefent  this  is  almoft  wholly  confined  to  the 
manufaflurer,  and  we  are  only  able  to  point 
out  fome  of  the  leading  circumftances  which 
determine  the  goodnefs  of  pottery  ware  for  one 
or  other  purpofe. 

Some  very  eminent  chemifts,  among  whom 
we  may  enumerate  Glauber,  Agricola,  and 
Pott,*  have  paid  particular  attention  to  this 
fubjeft,  and  that  enlightened  manufafturer, 
the  late  Mr.  Wedgew’ood,  has  introduced  a 
fpecies  of  ware  which  anfwers  fome  important 
purpofes  better  than  any  hitherto  invented. 

Three  important  requilites  are  demanded 
to  conftitute  a perfeff  pottery  for  all  chemical 
purpofes,  namely,  infufibility  at  any  heat;  ccm- 
paftnefs  of  texture  fo  as  to  retain  faline  and 
other  fluxes  in  fufion  without  being  materially 
a^fed  on  by  them,  or  allow'ing  them  to  tranf- 
pire;  and  endurance  of  fudden  changes  of  tem- 
perature, particularly  fudden  heating  without 
cracking  or  giving  way  in  any  degree. 

- Thefe  three  requifites  however  have  been 
found  impraflicable  to  be  united  in  the  fame 
ware,  which  has  led  to  the  necclhty  of  felecfing 
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the  fpecics  of  wave  accovdiiig  to  the  intended 
ulc.  Fm-  enduring  the  highefl.  heat  without 
finking,  no  velTe  s have  been  found  fo  ufeful  as 
the  Heilian  crucibles,  which  are  made  according 
to  Pott,  by  mixing  a very  refradfory  clay  with 
land,  the  finell  part  of  which  is  feparateilby  afieve 
and.  rejected.  'I’hefe  veflels  are  not  turned  in 
the,  potter’s  wired  as  common  pottery  is,  but 
the  day  is  made  into  a much  ftiffer  mafs  with 
Ids  water,  and  is  fafliioned  into  the  required 
lhape  by  being  Itrongly  rammed  into  an  iron 
mould.  This  gives  them  fuch  a degree  of 
compactrifts  that  they  will  retain  faline  fluxes 
for  a confiderable  time. 

With  regard  to  this  latter  circumftance,  no 
earthy  mixture  can  be  made  which  will  not  be 
added  on  more  or  lefs  by  faline  fluxes,  and  alfo 
by  the  vitrified  metallic  oxyds,  as  has  been 
mentioned  under  the  article  Glnfs,  and  this  is 
particularly  the  cafe  with  the  vitrified  oxyd  of 
lead,  which  has  long  been  ufed  as  a kind  of  tell 
of  the  retentive  power  of  crucibles,  as  it  pafles 
through  .the  ordinary  porous  crucibles  in  a 
fliort  rime  almofl  with  as  much  eafe  as  liquids 
through  a fieve. 

Ordinary  crucibles  may  be  made  more  re- 
tentive by  being  lined  on  the  infide  before  they 
are  quite  dry  with  a thin  coating  of  pure 
without  any  other  mixture. 

The  moll  refradtory  material  known  is  a 
mixture  of  unburnt  with  burnt  clay,  and  one 
that  refills  the  operation  of  faline  fluxe  ’onger 
than  any  other,  and  hence  It  is  employea  m tlie 
making  of  the  large  crucibles  for  the  glafs  houfe 
as  deferibed  under  the  article  Glnfs.  The 
ciefe  denfe  porcelain  alfo  retains  faline  matters 
long  without  being  materially  adled  on. 

It  is  of  confiderable  importance  ini  fre- 
veflels  that  they  fliould  be  able  to  bear  heating 
and  cooling  with  tolerable  quicknefs,  but  it 
unfortunately  happens  that  feme  of  the  mod 
perfect  ware  in  every  other  refpedl,  is  very 
deficient  in  this,  and  will  even  hardly  bear  the 
draught  and  flame  of  a wind  furnace,  how’ever 
flowly  heated,  without  danger  of  cracking. 
This  Is  particularly  the  cafe  with  the  valuable 
porcelain  fire-ware  invented  byMr.Wedgewood. 
This  property  of  cracking  on  fudden  changes  of 
temperature,  appears  particularly  to  depend  on 
the  two  circumltances  of  hardnefs  and  clofenefs 
of  lextiU'e,  and  the  latter  Is  the  greatefl;  (ceteris 
paribnsj  in  proportion  to  the  finenefs  of  divifion 
of  the  materials  before  burning.  Thus  in  the 
ware  jull  rncntlored,  both  the  clay  and  flint  are 
brought  to  a moil  impalpable  powder  before 
mixture,  and  the  texture  is  uncommonly  hard 


and  clofe;  and  on  the  ether  hand,  it  has  been 
found  necefiary  in  making  the  belt  Hefhan  and 
other  crucibles,  to  feparate  and  reJeH  the  finer 
pai’t  of  the  filiceous  ingredient,  for  the  exprefs 
purpofe  of  enabling  it  to  bear  the  Itrong  draught 
of  the  wind  furnace.  1 he  Wedgew^ood  ware 
Hands  fudden  heating  and  cooling  better  when 
it  Is  covex'ed  with  a thin  coating  of  Windier 
loam,  or  of  a fire-lute  compofed  of  clay  and 
coarfe  fand,  and  tow  or  horfe-dung. 

Crucibles  intended  merely  for  the  fufion  of 
metals,  are  much  improved  by  a mixture  of 
black  lead.  This  material  is  protedled  from 
accefs  of  air  by  being  involved  in  the  clay,  and 
is  then  incom.buHible,  and  its  abfolute  infufibi- 
lity  and  want  of  affinity  with  earths  at  any- 
temperature,  enable  the  clay  to  undergo  a very- 
high  heat  without  melting.  Befides  the  foftnefs 
and  fmoothnefs  of  the  plumbago  enables  the 
vefTel  to  afford  a very  uniform  furface  without 
knots  or  projeftions,  which  in  the  common' 
rough  ware  are  apt  to  detain  a portion  of  melted 
metal  whilfl  pouring  out.  This  ware  will  alfo 
bear-fudden  heating  and  cooling  better  than  any 
other,  fo  that  fcarcely  any  precaution  is  requi- 
fite  on  this  account,  but  its  fTtnefs  and  porouf- 
nefs  render  it  quite  unfit  iat  holding  any  faline- 
or  other  flux. 

The  mofl  porous  fubftance  ufed  for  fire-veflels- 
is  bone-afl-i,  which  is  therefore  only  employed 
when  this  quality  is  an  advantage,  as  in  the 
procefs  of  cupel latlon,  already  fully  deferibed 
under  the  article  AJfay.  Here  it  adls  like  a 
fponge  in  abforbing  the  vitrified  oxyd  of  lead, 
and  only  the  reguline  metal  remains. 

Of  the  earthen  veffels  intended  to  hold  acid' 
or  corrofive  liquors  in  difflllation,  no  ware  is 
fo  perfedl  as  the  white  Wedgewood  porcelain- 
ware  already  mentioned,  its  texture  being  fo 
dole  as  not  to  require  any  lead-glazing.  The 
only  defedl  of  this  is  the  clanger  of  cracking  on' 
any  fudden  change  of  temperature. 

But  even  this  as  all  other  pottery  ware  wlien 
unglazed,  becomes  in  fome  degree  pervious 
when  heated  fully  red-hot,  fo  that  it  cannot 
be  depended  on  at  this  heat  to  confine  gaffes 
when  under  any  preffure.  This  accounts  for 
the  total  difappearance  of  diamonds  when  en- 
clofed  in  lumps  of  fine  porcelain  clay  and  baked 
in  an  intenfe  fire,  as  was  found  In  fome  of  the 
earlier  experiments  on  this  fubflance,  and  could 
not  be  explained  till  the  difeovery  of  the  total 
converfion  of  this  gem  into  carbonic  acid  gas 
by  combufllon.  This  permeability  of  unglazed 
porcelain  ware  alfo  explains  fome  obje£lions 
brought  to  the  antiphlogiflic  theory  by  the 
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admixture  of  carbonic  acid  gas  with  azot  when 
the  latter  is  pafled  through  red-hot  porcelain 
tubes,  which  does  not  take  place  in  glafs  tubes. 
The  carbonic  acid  therefore  arifes  from  the 
burning  fuel,  and  pafles  through  the  pores  of 
the  tube*when  red  hot. 

POTSTONE.  Topfflein,  Germ.  Pierre 
vUaire,  Fr. 

The  colour  of  this  mineral  is  greenifli  grey. 
It  occurs  in  mafs.  Its  internal  lultre  is  gliften- 
ing  and  pearly.  Its  fra£l:ure  is  curved,  foliated, 
and  imperfedlly  flaty.  Its  fragments  are  tabu- 
lar. It  is  often  tranllucent  on  the  edges.  It  is 
foft,  is  greafy  to  the  touch;  tough  and  diffi- 
cultly frangible.  It  is  found  in  beds  with  Ter- 
pentine, at  Como  in  the  Grifon  country,  and 
in  Saxony.  It  may  be  turned  in  a lathe,  and  is 
made  into  a variety  of  velTels.  It  is  alfo  ufed 
as  a lining  for  furnaces,  being  remarkably 
refra£Iory. 

POWDER  OF  CASSIUS.  See  Gold. 
PRASE.  See  Quartz. 

PRECIPITATE.  Niederfchlag,  Germ. 

A chemical  precipitate  properly  means  a 
vifible  fuhjtdence  of  any  fubltance  from  its  clear 
folution,  produced  by  any  method  whatever, 
and  it  is  generally  applied  when  the  reparation 
takes  place  in  a flocculent  or  pulverulent  form, 
in  oppofition  to  crystallizatioriy  which  implies  a 
fimilar  reparation  in  an  angular  polyhedral  form. 
Thus  even  a maTs  of  cryftals  may  be  termed  a 
predpitatey  wlren  tlieir  fubfidence  is  fo  fudden 
that  their  proper  cryftalline  fhape  cannot  be 
dillinguiflied  by  the  naked  eye,  as  when 
Glauber’s  fait  is  fuddenly  feparated  in  very 
minute  cryftals  from  its  faturated  watery  folution 
by  the  affufion  of  alcohol. 

But  precipitation  may  be  taken  in  a more 
extended  fenfe  to  mean  any  vifible  reparation  of 
any  fubftance  or  compound,  from  its  clear 
folution,  whether  it  finks  or  fwims,  and  whether 
it  be  cryftallized  or  pulverulent,  and  it  then 
forms  one  of  the  great  operations  in  chemiftry, 
and  is  direcftly  oppofed  to  that  of  folution;  for 
in  fail  by  far  the  greateft  part  of  the  operations 
of  the  chemift  may  be  refolved  into  folution 
and  precipitation. 

The  mode  in  which  precipitation  affeiTs  and 
modifies  chemical  ajptiiiyy  has  been  mentioned 
under  that  article,  and  Berthollet  has  (hewn  in 
his  valuable  eflays  on  chemical  affinity  and  on 
chemical  ftatics,  how  philofophers  have  been  led 
to  deduce  the  fuppofed  order  of  affinities  from 
the  circumftanccs  of  precipitation. 

The  following  remarks  on  the  precipitations 
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eft'e^led  by  acids  or  by  alkalies  and  earths  may 
be  added  irom  the  fame  author. The  impor- 
tant fubje£l  of  metallic  precipitates  will  be 
noticed  feparately. 

There  are  twm  principal  kinds  of  p’^ecipitates 
which  have  been  diftinguiflied  by  chemiftry, 
one  w’here  to  a compound  compofed  of  an  acid 
and  a bafe,  each  highly  foiuble  in  water, 
another  acid  is  added,  which  has  a greater 
affinity  with  the  bafe,  and  forms  with  it  a 
compound  lefs  foiuble  than  tlie  firft.  In  this 
cafe  the  precipitate  (which  is  fometimes  cryftal- 
lized, fometimes  otherwife)  is  compoied  of  tl-.c* 
acid  laft  added,  in  proportions  that  vary  but 
little.  As  for  example  wdien  fulphuric  ac-id  is 
added  to  a faturated  folution  of  nitrat  of  potafir 
a cryftallized  precipitate  of  fulphat  of  potafti  is 
added,  the  iiroportiom  of  which  fcarcely  vary  In 
any  circumftances,  though  the  adliial  quantity 
of  precipitate  is  determined  by  the  quantity  of 
W'ater  and  of  fulphuric  acid  prefent. 

Another  kind  of  precipitate  is  that  which  has 
ufually  been  fuppofed  to  be  fimple,  and  takes 
place  when  to  a compound  of  an  acid  and  a 
bafe  infoluble  (or  nearly  fo)  in  water,  aai 
alkali  or  foiuble  earth  is  added,  which  by 
eledlive  affinity  unites  with  the  acid,  and 
difplaces  the  former  bafe ; and  this  latter  now 
fuppofed  to  be  uncombined  and  infoluble  in  the 
quantity  of  liquid  prefent,  falls  to  the  bottom. 
This  kind  of  precipitation  is  conftantly  reforted 
to  when  we  wiffi  to  obtain  the  fimple  earths,  as  in 
adding  an  alkali  to  a folution  of  alum  in  order  to 
precipitate  the  alumine,  to  Epfom  fait  to  preci- 
tate  magiiefia,  &c.  But  the  precipitate  in  all 
fuch  cafes  is  not  (as  has  been  ufually  fuppofed) 
the  fimple  earth,  but  it  always  retains  alter  (he 
firft  operation  a fmall  and  variable  portion  of 
the  acid  with  which  it  was  before  combined. 
Thus  if  the  alumine,  how'ever  well  edulcorated, 
be  rediflblved  in  muriatic  acid,  and  a fait  of 
barytes  added,  there  will  be  a fenfible  precipi- 
tate of  fulphat  of  barytes.  This  ret-e?tt  of  acid 
is  variable  and  may  be  reduced  to  an  Infenlible 
quantity.  If  not  abfolutely  taken  away,  by 
fubfequent  digeftion  in  very  ,, (Concentrated 
alkali.  Such  precipitations  therefore  are  not 
effetfled  merely  by  fim.ple  qilinity,,  but  b T a 
divifion  of  the  acid  into  two  portions,  one 
of  which,  and  by  m.uch  the  largeft,  goes  to  the 
alkali,  and  the  other  remains  with  the  earth  and 
accompanies  it  in  its  precipitation.  Even  v'hen 
no  precipitation  occurs,  the  acid  may  be  proved 
to  diftribute  itfelf  in  this  manner,  for  as 
Bergman  has  remarked,  it  a calcareous  fait  is 
latics.  vol.  I, 
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cHiTolved  in  fifty  times  its  weight  of  water,  and 
H?i  excefs  of  potafh  or  foda  is  added,  no  preci- 
pitation takes  place,  fo  that  the  acid  continues 
in  part  to  a£t  upon  the  lime  and  renders  it 
foluble  in  a much  lefs  quantity  of  water  than 
die  lime  alone  would  require  for  folution. 

It  may  be  aflumed  therefore  as  a general 
principle,  and  one  which  is  of  great  importance 
in  the  explanation  of  chemical  decompofition, 
that  where  a fait  is  compofed  of  an  acid  and  a 
bafe,  infoluble  or  little  foluble  by  itfelf,  the 
decompofition  effe£led  by  any  foluble  bafe  is 
the  refult  not  of  a fimple  but  a compound 
aftion,  in  which  on  the  one  hand  the  decom- 
pofing  bafe  unites  with  more  or  lefs  of  the  acid 
and  remains  in  folution,  whilft  the  other  bafe 
refumes  its  infolubility  by  the  feparation  of  part 
of  its  acid,  and  forms  a precipitate  with  the 
remainder.  This  will  be  found  to  apply  llill 
more  llrikingly  in  the  formation  of  metallic 
precipitates,  and  of  thofe  falts  which  (like  the 
fub-fulpliat  of  mercury  or  turbith)  were  former- 
ly taken  for  fimple  oxyds,  but  are  now  found 
to  be  falts  with  excefs  of  oxyd. 

Chemical  affinity  is  in  many  cafes  determined 
by  precipitation,  but  a contradiftion  in  the 
mode  of  applying  this  principle  has  been  well 
pointed  out  by  Berthollet. 

The  orders  of  affinity  which  the  feveral  bafes 
have  for  the  acids  is  ufually  determined  by 
adding  any  bafe  to  a known  combination  of  an 
acid  and  another  bafe,  and  if  the  latter  bafe 
is  precipitated  it  has  been  inferred  that  its 
affinity  for  the  acid  is  lefs  than  that  of  the  other 
bafe.  Thus  when  lime  is  precipitated  by  adding 
potafli  to  muriat  of  lime,  it  is  inferred  that 
potafh  has  a ftronger  affinity  for  muriatic  acid 
than  lime,  and  hence  the  preference  in  the 
order  of  affinity  has  been  given  to  the  mofl 
foluble  bafes.  But  on  the  other  hand,  the 
refpecHve  affinities  of  the  acids  has  been  deter- 
mined in  the  contrary  way,  as  for  example, 
when  oxalic  acid  is  added  to  muriat  of  lime  a 
precipitate  of  oxalat  of  lime  is  produced,  whence 
the  fuperior  affinity  of  the  oxalic  acid  over  the 
muriatic  for  lime  has  been  deduced.  Thus  in 
thefe  cafes  the  preference  in  affinity  has  been 
given  to  thofe  acids-  which  have  the  mofl  dif- 
pofition  to  form  infoluble  combinations. 

But  many  inftances  may  be  given  to  fhew 
that  the  phenomena  of  precipitation  are  diftin£l 
trom  thofe  of  chemical  affinity,  fo  that  the 
refultitig  infolubility  or  force  of  cohefion  which 
pi'ociuces  prec  pitations.  is  fometimes  fuper- 
added  to  the  fimple  force  of  affinity,  and  at 


other  times  oppofed  to  it,  and  ought  in  flrl^Vnefs 
to  be  alw'ays  confidered  as  a diflin£l  principle. 

Of  Metallic  Precipitates , 

The  metal  of  every  metallic  folution  in  any 
acid  is  always  in  the  flate  of  an  oxyd,  fo  that 
the  folution  muft  contain  at  leaft  three  fubftan- 
ces,  the  acid,  the  metal,  and  oxygen  united 
with  the  metal.  But  the  proportion  of  the 
latter  is  fubjeft  to  a great  number  of  variations, 
and  is  different  both  with  the  feveral  metals  and 
with  the  fame  metal  in  different  circumflances. 

A metallic  folution  may  be  decompofed  and 
its  metallic  part  precipitated  either  in  the 
reguline  flate  or  as  an  oxyd,  and  thefe  two 
methods,  which  have  each  been  adopted  in  the 
analyfis  of  metallic  bodies,  require  to  be  con- 
fidered feparately. 

When  a carbonated  alkali  is  added  to  a 
metallic  folution,  the  precipitate  is  a carbonated 
oxyd  of  the  metal,  and  like  the  other  carbonats 
effervefees  on  the  addition  of  a ftronger  acid. 
But  when  a pure  alkali  is  added  only  to  fatura- 
tion,  the  precipitate  is  in  fome  inftances  nearly 
a pure  oxyd,  but  in  the  greater  number  is  an 
oxyd  retaining  a fmall  portion  of  the  acid  with 
which  it  was  united.  This  acid  however  is  not 
fufficient  to  render  it  foluble  and  it  may  be 
generally  entirely  taken  away  by  fubfequent 
digeftion  in  a concentrated  fixed  alkali  provided 
the  oxyd  is  not  foluble  therein. 

The  firft  a£lion  of  alkalies  therefore  on  mofl 
metallic  folutlons  is  to  caufe  an  unequal  divifion 
of  the  acid,  the  greater  part  of  which  unites 
with  the  alkali,  and  the  remainder  falls  down 
along  with  the  oxyd  now  rendered  infoluble. 
If  ammonia  be  the  alkali  employed,  there  is 
alfo  in  general  a partition  of  the  alkali,  and  the 
precipitate  is  a quadruple  compound,  of  the 
metal,  the  oxygen  united  with  it,  and  a fmall 
portion  of  the  acid,  and  of  the  ammonia;  and 
the  folution  contains  the  greater  part  of  the 
acid,  of  the  alkali,  and  often  a fmall  part  of 
the  metallic  oxyd  fufficient  to  be  very  fenfible 
to  the  tafte,  and  to  chemical  tells.  According 
to  Prouft,  lime  alfo  when  ufed  as  a precipitant 
enters  in  a fmall  proportion  into  the  precipitate. 

Metallic  folutions  fometimes  yield  precipi- 
tates on  the  mere  addition  of  water,  by  the 
fimple  diftribution  of  the  conftituents  into  two 
portions,  a foluble  and  an  infoluble  one,  the 
former  of  which  has  an  excefs  of  acid,  and  the 
latter  of  oxyd.  Thus  when  the  clear  nitrat  of 
bifmuth  is  diluted  with  water  a white  precipitate 
falls  down  which  is  chiefly  oxyd  of  bifmuth, 
and  the  fupernatant  liquor  contains  an  excefs  of 
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acid  and  a fmall  portion  of  metal  which  may 
be  feparated  by  evaporation  or  by  an  alkali. 
In  like  manner  if  fulphuric  acid  and  mercury 
are  treated  together,  fulphureous  acid  is  given 
out,  and  the  white  mafs  tliat  remains  is  an  uni- 
form acid  fulphat,  which  deliquefces  into  a 
denfe  folution.  But  if  hot  water  be  added, 
the  turbeth  or  yellow  fub-fidphat  of  mercury  is 
precipitated,  and  the  folution  contains  an  acid 
fulphat.  Even  the  firft  turbith  may  be  further 
decompofed  by  a frelh  affufion  of  hot  water 
dividing  it  into  a turbith  ftill  more  loaded  with 
oxyd,  and  an  acid  folution. 

Thefe,  and  many  other  fa£l:s  which  might 
be  adduced,  illuftrate  the  general  law  of  de- 
compofition  by  precipitation,  and  the  conftant 
tendency  of  metallic  falts  to  divide  into  two 
compounds,  each  confiding  of  both  the  confti- 
tuents  of  the  fait  but  diftributed  in  unequal 
proportions.  Thefe  phenomena  are  rendered 
ftill  more  complex  by  the  addition  of  new  fub- 
ftances,  moft  of  which  being  defcribed  under 
the  refpeftive  metals,  a repetition  in  this  place 
would  be  needlefs. 

The  fecond  fpecies  of  metallic  precipitates 
are  thofe  in  which  the  metal  appears  in  its  re- 
guline  form.  This  takes  place  when  one  metal 
is  precipitated  by  another,  as  when  a piece  of 
iron  is  immerfed  in  a folution  of  copper,  and 
alfo  when  phofphorus  is  kept  for  fome  time  in 
certain  metallic  folutions. 

Before  the  difcoverjr  of  oxygen,  and  of  the 
oxydation  of  metals  being  neceffary  to  their  fo- 
lution in  acids,  the  precipitation  of  one  metal 
by  another  was  fuppofed  to  be  produced  by 
fimple  eleflive  attra61ion,  and  the  refpeftive 
affinities  of  the  metals  for  the  acids  was  piit 
down  in  the  order  of  the  precipitations  which 
they  produced.  But  this  explanation  though 
true  in  general,  docs  not  explain  a number  of 
apparent  anomalies  in  metallic  precipitation,  fo 
that  we  mull  take  into  confideration  the  force 
of  other  agents  and  other  affinities. 

The  order  of  the  precipitation  of  one  metal 
by  another  is  the  following,  among  thofe  that 
have  been  the  moft  accurately  examined,  viz. 
zinc/  iron,  lead,  tin,  copper,  filver,  mercury, 
gold;  that  is  to  fay,  zinc  precipitates  all  the 
other  metals;  iron  precipitates  all  but  zinc; 
lead  all  but  zinc  and  iron,  &c. 

But  fometimes  the  precipitation  fails  with 
folutions  in  one  acid,  though  it  fucceeds  with 
others;  thus  zinc  feparates  iron  in  the  metallic 
ftate  from  muriat  of  iron,  but  only  as  an  oxyd 


from  the  nitrat.  A fmall  excefs  of  acid  is  ne- 
ceffiiry  to  begin  the  procefs  in  all  cafes. 

During  this  operation  the  following  affinities 
muft  aeft,  namely,  that  of  the  precipitant  (or 
metal  by  which  the  feparation  is  effetfted)  for 
the  oxygen  of  the  metal  already  difiblved  ; that 
of  the  oxyd  thus  produced,  for  the  acid  of  the 
folution ; and  to  this  Berthollet  adds,  that  of 
the  two  metals  for  each  other  when  in  the  re- 
guline  ftate.  The  fum  of  thefe  affinities  muft 
overcome  that  which  exifts  between  the  confti- 
tuent  parts  of  the  metallic  fait  intended  to  be 
decompofed.'^ 

It  is  poffible  therefore  that  no  precipitation 
may  take  place  even  when  the  metal  added  has 
a greater  affinity  for  oxygen  than  that  already 
difiblved,  if  the  oxyd  of  the  former  metal  has 
a lefs  affinity  for  the  acid  than  the  oxyd  of  the 
latter  has.  And  on  the  other  hand  a precipita- 
tion may  be  effbbled  even  if  the  precipitant  has 
lefs  affinity  for  oxygen  than  the  metal  already 
difiblved,  provided  its  oxyd  has  a greater  affi- 
nity for  the  acid.  In  this  latter  cafe  however 
there  muft  be  a confiderable  excefs  of  acid  pre- 
fent  in  order  to  begin  the  oxydation  of  the  pre- 
cipitant. Thus,  again,  it  is  explained  why  a pre- 
cipitation will  take  place  with  the  folution  in 
one  acid,  and  not  in  another,  fince  the  acids 
themfelves  differ  confiderably  in  their  affinity 
for  the  fame  metallic  oxyd,  fo  that  in  the  firft 
cafe,  this  affinity  may  furpafs  that  of  tJie  fame 
acid  for  the  metallic  oxyd  already  difiblved,  and 
in  the  fecond  may  fall  fhort  of  it. 

Still  however  (as  Berthollet  remarks)  if  the 
only  adHve  affinities  in  thefe  cafes  were  thofe 
of  the  metals  for  oxygen  and  the  cxyds  for 
acids,  it  is  not  probable  that  the  redubtion  of 
the  metal  whofe  affinities  were  the  weakeft, 
would  be  complete,  but  in  all  probability  there 
would  be  only  an  unequal  partition  of  the  acid 
and  oxygen,  fo  as  to  produce  the  more  oxygen- 
ated falts  of  one  metal,  and  the  lefs  oxygenated 
falts  of  the  other  metal,  which  would  be 
agreeable  to  the  ufual  mode  of  ablion  in  fimilaf 
cafes.  Hence  it  becomes  neceflary  to  recur  to 
the  well-known  affinity  which  exiffs  between 
the  metals  themfelves,  and  many  fabfs  flrew 
that  this  is  concerned  in  thefe  procefies. 

For  example  when  a plate  of  poliffted  copper 
is  dipped  into  a folution  of  nitrated  mercury,  it 
is  inftantly  whitened  by  the  mercury  precipi- 
tated upon  its  furface,  but  this  metal  is  not 
merely  depofited  upon  the  copper,  but  amalgam- 
ated with  it,  fo  that  it  cannot  be  feraped  or 
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rubbed  off,  but  can  only  be  feparatetl  by  fire. 
Here  then  the  affinity  of  the  mercury  for  the 
copper  mull;  forcibly  in  caufing  its  fepara- 
tion  from  the  nitric  acid  which  held  it  in  folu- 
Uon.  In  like  manner  when  copper  is  immerfed 
in  a lolution  of  fdver,  the  precipitated  metal  is 
not  pure  fdver.,  but  an  alloy,  contaiiting  a very 
fmall  portion-  of  copper.  As  this  mutual  affi- 
nity exifling  between  the  metals  varies  accord- 
ing to  the  metal  employed,  this  alfo  explains 
why  iron  (for  example]  precipitates  fdver  from 
its  folution  with  much  more  difficulty  than 
copper,  though  iron  has  a much  ftronger  affi- 
nity for  oxvgen  than  copper  (as  is  proved  by 
the  precipitation  of  copper  by  iron]  for  the 
affinity  between  fdver  and  copper  is  much 
ftronger  than  between  fdver  and  iron. 

As  then  metallic  precipitates  are  in  fa£t  al- 
loys (though  often  with  fuch  a fmall  propor- 
tion of  the  precipitant  as  to  be  fcarcely  fenfi- 
ble)  it  is  necellary  that  the  combination  of  the 
metals  muft  firft  be  made  when  both  are  in 
folution,  for  we  can  conceive  of  no  other  me- 
thod by  v/hich  two  folid  metals  (copper  and 
iron,  for  example]  ffiould  be  alloyed  in  a com- 
mon temperature.  The  whole  procefs  there- 
fore mull  be  the  following,  taking  the  above 
metals  as  inllances  ; a portion  of  the  iron  mult 
iirlt  be  oxydated  and  diilblve  in  the  acid,  and  by 
this  it  difoxydates  and  precipitates  in  the  me- 
tallic form  an  equivalent  portion  of  the  copper, 
during  which  time  the  diffolved  iron  mull  di- 
vide itlelf  into  two,  very  unequal  portions,  of 
which  by  far  the  largelt  part  remains,  in  folu- 
tion, but  the  remainder  muft  return  to  the  me- 
tallic Hate  to  unite  with  the  copper  and  to  be 
precipitated  along  v.dth  it.  This  complicated 
action  muft  take  place  even  fi'om  the  firft,  for 
how  elle  can  the  union  of  the  two  metals  be 
accounted  for?  and  ftill  lefs  can  it  be  explained 
without  this  fuppofition,  as  the  precipitation 
proceeds,  when  the  furface  in  contaft  with 
every  freffi  ftixitum  of  precipitate  is  no  longer 
iron,  but  an  alloy  of  copper  and  iron  almoft 
approaching  to  pure  copper. 

This  leads  us  alfo  to  confider  what  is  the  affi- 
nity that  determines  the  place  to  which  the 
precipitates  attach  themfelves.  In  the  firft  in- 
ftance,  that  is,  when  a furface  of  pure  iron  is 
expofed  to  the  cupreous  folution,  the  precipi- 
tate may  be  fuppofed  to  attach  itfelf  to  the  iron 
rather  than  to  fall  down  loofc  in  the  veffel  on 
account  of  the  affinity  exilling  between  iron 
and  copper  alloyed  with  a little  iron;  but  after 
the  furface  of  the  iron  bar  is  covered,  each 


fimceffivc  ftratum  of  precipitate  attaches  itfelf 
not  to  the  iron  (for  this  is  covered)  but  to  the 
furface  of  the  precipitate  already  formed, 
that  is  to  fay,  to  a fubftance  of  exa£lly  the 
fame  compofition  as  itfelf.  In  this  latter  cafe 
therefore,  tire  fame  kind  of  affinity  a6ts  as 
when  a faline  folution  during  cryftallization 
depofits  its  cryftals  on  the  portion  of  fait  al- 
ready feparated,  rather  than  on  a naked  fur- 
face. The  adhefion  in  this  inftance,  however, 
is  very  flight,  and  readily  broken.  The  pro- 
portion of  the  precipitant  which  enters  into  the 
alloy  is  probably  greater  in  the  firft  ftratum  of 
precipitate  than  in  the  fubfequent  ones;  thus 
when  copper  is  feparated  by  iron,  the  part  im- 
mediately in  contabl  with  the  iron  is  vifibly 
browner  than  the  reft,  owing  probably  to  a 
larger  admixture  of  iron. 

It  has  been  mentioned  that  phofphorus  will 
feperate  fome  metals  from  their  folutions  in 
tlie  reguline  ftate.  Thefe  are  particularly  gold, 
filver,  mercury,  and  copper,  if  a flick  of  clean 
newly-melted  phofphorus  is  immerfed  in  an 
acidulated  folution  of  fulphat  of  copper,  in  a day 
or  two  it  becomes  beautifully  fpangled  with  little 
knobs  of  bright  metallic  copper,  which  gradually 
iucreafe  to  a thick  cruft,  after  which  if  the  flick 
is  put  into  boiling  water,  the  phofphorus  will 
melt  out,  and  leave  a delicate  hollow  cylinder 
of  copper.  In  tliis  cafe  however,  as  in  the 
former,  the  precipitate  is  not  pure  copper,  but 
an  alloy  of  copper  with  phofphorus,  or  a phof- 
phuret,  in  which  however  the  quantity  of  phof- 
phorus is  extremely  fmall,  and  the  folution 
contains  phofphoric  acid.  When  phofphorus 
is  introduced  into  a folution  of  mercury,  only 
part  of  this  metal  affumes  the  metallic  form, 
and  the  reft  is  'oxyd  combined  with  phofphorust 
and  phofphoric  acid. 

From  what  has  been  obferved  above  it  is 
obvious  that  the  method  of  recovering  one  me- 
tal from  its  folution  by  the  addition  of  another, 
which  is  fo  often  reforted  to  in  analyfis,  requires 
confiderable  precaution,  is  liable  to  many  inac- 
curacies, and  can  only  be  employed  witii  pro- 
priety in  certain  cafes.  The  circumftances 
which  forbid'  its  ufe,  or  render  it  inconvenient, 
are  the  following.®  ift.  Where  the  fait  formed 
by  the  union  of  the  precipitant  in  the  acid  is 
infoluble  in  water,  and  will  mix  with  the  pre- 
cipitated metal  from  which  it  cannot  be  readily 
feparated,  as  when  fulphat  of  copper  is  decom- 
pofed  by  lead,  antimony,  or  mercury,  for  the 
fulphats  of  thefe  metals  are  little  foluble  in 
water:  or  'indly,  wJtere  the  newly  formed  fait 
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Trouid  be  decompofed  hj  the  water,  as  when 
any  nitrated  folution  is  precipitated  by  bis- 
muth : or  jdly,  when  the  whole  of  the  new 
oxyd  formed  by  the  transfer  of  oxygen  from 
the  precipitated  metal  to  the  precipitant  cannot 
be  diflblved  by  the  acid  prefent,  as  when  nitrat 
-of  copper  is  decompofed  by  lead,  in  which  cafe 
the  precipitate  will  be  very  largely  alloyed  by 
the  precipitant;  or  4thly,  when  the  affinities  of 
the  precipitant  are  fuch  as  more  eafily  to  de- 
compofe  the  acid  than  to  abforb  the  oxygen  of 
the  metal  already  diflblved,  as  when  nitrat  of 
copper  is  decompofed  by  zinc,  in  which  cafe 
the  precipitate  is  partly  reguline  and  partly 
oxydated;  and  fthly,  where  the  affinities  be- 
tween the  two  metals  are  fo  ftrong  that  the 
precipitate  is  largely  alloyed  with  the  precipi- 
tant, as  when  a folution  of  filver  is  decompofed 
by  mercury. 

Of  thefe  five  cafes,  the  3d  is  probably  that 
which  much  more  contributes  to  produce  a 
large  alloy  of  the  precipitated  metal  than  even 
the  affinity  exifting  between  the  two  metals ; 
thus  Vauquelin  found  that  50  grs.  of  copper, 
diflblved  in  nitric  acid  even  with  excefs  of  acid 
required  no  lefs  than  216  grs.  of  lead  for  its 
compleat  feparation,  and  tlie  precipitate,  in- 
ftead  of  weighing  only  50  grs.  amounted  to 
128  grs.  of  which  therefore  50  were  copper, 
and  78  were  lead.  Yet  thefe  two  metals  have 
but  little  affinity  for  each  other.  This  incon- 
venience is  corre£fed,  though  not  entirely  re- 
moved by  adding  a confiderable  excefs  of  acid. 

PRECIPITATE,  ivhitey  1 are  all  oxyds  or 

PRECIPITATE,  red,  > faltsofMERCWRT, 

PRECIPITATE,  per  fe  J nuhich  see. 

PRECIPITATE,  purple,  of  Cajfius,  See 
Gold. 

PREHNITE. 

Its  colour  is  pale  green,  either  whitiffi,'greyiffi, 
or  yellowiffi.  It  occurs  generally  in  mafs,  but 
is  fometimes  cryllallized  in  oblique  quadrilate- 
ral prifms- 

The  cryftals  are  either  Angle  or  aggregated; 
and  are  fmall  or  middle  fized.  Externally  they 
are  fmooth  and  ffiining ; internally  they  have  a 
^liftening  pearly  luftre. 

The  nracture  is  foliated  or  diverglngly  radi- 
ated; the  fragments  are  indeterminately  angu- 
lar and  wedge-fhaped.  It  is  tranflucent,  but 
fometimes  is  nearly  tranfparent.  It  is  fome- 
what  harder  than  glafs,  and  is  eafily  frangible. 
Sp.  gr.  2.6  to  2.94. 

Before  the  blowpipe  it  boils  and  melts  into  a 
yellowiffi  brown  enamel,  but  it  does  not  be- 
come gelatinous  with  acids,  in  which  refpedl 


it  differs  from  zeolite  with  which  it  has  other- 
wife  a confiderable  refemblance. 

The  prehnite  of  the  Cape  of  Good  Hope  has 
been  analyfed  by  Klaproth,  and  that  of  France 
by  Hafl'enfratz,  with  the  following  refults. 


Klapr. 

Flail'. 

43-83  — 

50.  Siler. 

30-33  — 

20.4  Alumine. 

^8-33  ■— 

23.3  Lime. 

5.66  — 

4.9  Oxyd  of  iron. 

1.83  - 

0.9  Water. 

0.  — 

0.5  Alagnefia. 

99.98 

100.0 

It  occurs  in  veins  in  primitive  flaty  gruns- 
tein,  alfo  in  rocks  of  the  moll  recent  floetz 
trap  formation.  It  was  firll  difcovered  by 
Col.  Prehn  at  the  Cape  of  Good  Hope,  and 
has  fince  been  found  in  Dauphine  in  France, 
in  the  valley  of  Fafla  in  the  Tyrol,  alfo  in 
Arthur’s  Seat  near  Edinburgh,  and  in  other 
parts  of  Scotland. 

PRINCE’S  METAL.  See  Copper,  Alloys 
of. 

PROBIERSTEIN.  See  Kieselschiefer. 

PROOF  BOTTLE,  an  article  of  chemical 
apparatus ; for  an  account  of  which  fee  the 
Appendix, 

PRUSSIAN  BLUE,  Berlimrblau,  Germ. 

PRUSSIC  ACID,  Blaufaure,  Germ. 

Pruffian  Blue  is  a pigment  of  a beautiful 
dark  blue  colour  which  was  difcovered  about 
the  year  1710  by  a chemifl  of  Berlin  of  the 
name  of  Diesbach  by  the  accidental  mixture  of 
a folution  of  vitriol  of  iron  with  an  alkali 
which  had  been  highly  impregnated  with  ani- 
mal matter.  This  difeovery  led  to  the  prepa- 
ration of  this  fubflance  as  a pigment,  but  the 
precife  procefs  was  long  kept  fecret  till  it  was 
made  known  in  the  Philofophical  TranfacHons 
for  1724,  by  Dr.  Woodward.  This  has  been 
adopted  w'ith  fonie  variations  by  fucceedi2ig 
chemifls. 

The  procefs  of  preparing  Pruffian  blue  as 
given  by  Macquer,  in  his  valuable  memoir  on 
the  fubje£l,  is  the  following:  prepare  a quan- 
tity of  bullock’s  blood  by  moderate  drying,  till 
it  is  reduced  to  powder,  mix  four  ounces  of 
this  with  as  much  carbonat  of  potafli  (made 
by  calcining  equal  parts  of  nitre  and  tartar) 
put  the  whole  in  a covered  crucible  with  a 
fmall  hole  at  the  top,  and  calcine  it  in  a mode- 
rate fire  till  no  more  fmoke  or  flame  ifluee 
through  the  hole,  at  which  time  the  mafs  will 
be  black  and  carbonaceous ; then  raife  the  heat 
till  the  ^whole  is  moderately  red,  and  remove  it 
2 I 2 
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from  the  fire.  Then  take  out  the  contents  of 
the  crucible,  and  boil  them  for  half  an  hour  with 
two  quarts  of  water  and  filter  the  liquor.  Add 
to  this  immediately  a folution  of  two  ounces  of 
vitriol  of  iron  and  eight  ounces  of  alum  in  two 
quarts  of  boiling  water,  which  will  caufe  a 
great  effervefcenee,  and  a copious  depofit  of  a 
blue-green  precipitate.  Separate  this  latter  by 
filtration,  and  add  to  it  a few  ounces  of  muri- 
atic acid  with  much  ftirring,  which  will  imme- 
diately change  the  colour  from  blue-green  to  a 
deep  blue.  The  quantity  of  acid  is  to  be  de- 
termined by  the  effedf  produced.  The  preci- 
pitate after  ftanding  fora  day  is  then  thoroughly 
wafned  and  flowly  dried,  and  is  the  Pruffian 
blue. 

This  rvith  fome  variations  in  the  proportions 
of  ingredients  and  in  the  exatf  manipulation  is 
f?dd  to  be  the  ufual  way  of  preparing  this  pig- 
ment in  manufadture,  and  will  always  fucceed 
to  a certain  degree.  Neverthelefs  feveral  che- 
mifts  who  have  exa£lly  followed  it  in  the  large 
way  for  the  purpofe  of  fale,  have  been  difap- 
pcinted  in  the  quantity  yielded,  and  have  not 
always  fucceeded  in  the  quality  of  the  article,  fo 
that  it  is  probable  that  there  are  fome  particu- 
lars in  the  manipulation.  See.  which  are  only 
known  to  the  manufadturers. 

It  is  immaterial  whether  the  alkali  ufed  in 
the  calcination  with  blood  is  cauftic  or  carbon- 
‘ated,  fo  that  the  latter  is  always  employed. 
Any  good  pearlafli  will  anfwer  the  purpofe, 
and  Tt  is  better  to  ufe  from  two  to  three  times 
as  much  dried  blood. 

This  procefs  confifts  eflentially  of  two  ope- 
rations, one,  the  impregnation  of  the  alkali 
with  that  peculiar  principle  contained  in  the 
blood  (and  in  moll  other  animal  matters)  which 
gives  the  power  of  flriking  a blue  colour  with 
iron,  and  is  called  the  Prvjfic  Acid ; and  the 
other,  of  partially  decompofing  this  alkaline 
prufiiat  by  the  mixed  fulphats  of  iron  and  alu- 
mine,  and  uniting  thereto  the  oxyd  of  iron  and 
the  alumine  feparated  by  the  alkali.  The  ufe 
of  the  muriatic  acid  in  finifliing  the  procefs, 
appears  to  be  (as  we  fhall  prefently  mention) 
chiefly  to  difiblve  out  the  fuperfluous  oxyd  of 
iron,  and  bring  the  whole  to  that  fine  blue 
colour  for  which  this  fubftance  is  fo  much  ad- 
mired. 

The  firft  lixivium  of  the  alkali  after  being 
calcined  with  the  blood,  was  formerly  termed 
PhlogiJhcaUd  Alkali, 

Pruflian  blue  as  commonly  prepared  is  a 
very  compounded  fubltance,  confifting  of  the 


Pruflac  acid,  of  oxyd  of  iron,  generally  of  pot-  • 
afh  and  of  alumine,  but  the  two  laft  of  thefe 
are  in  no  degree  elTential  to  the  Pruffian  blue, 
chemically  fpeaking,  as  the  folution  of  fulphat 
of  iron  alone  will  produce  it  of  as  fine  a co- 
lour, and  as  perfedl  a chemical  compound. 
The  alumine  may  be  entirely  put  out  of  the 
queftion,  as  the  fubjeft  is  fuificiently  compli- 
cated without  it,  and  its  ufe  feems  chiefly  to 
be  to  give  a body  to  the  colour  (as  in  preparing 
the  alum  lakes)  and  perhaps  to  render  it  more 
convenient  for  the  painter’s  ufe. 

The  invefligation  of  the  properties  of  this 
mofl  Angular  fubftance,  is  perhaps,  one  of  the 
moll  perplexing  in  chemillry,  as  the  fubftance 
called  PruflTic  acid,  is  quite  fui  generis,  and  ex- 
ercifes  affinities  which  are  remarkably  compli- 
cated, and  fcarcely  to  be  explained  by  analogy 
with  any  other  known  body. 

Macquer  in  a very  elaborate  enquiry  ex- 
plained fome  of  the  moft  important  combina- 
tions of  this  fubftance,  but  little  was  known 
concerning  the  intimate  nature  of  Pruffic  acid, 
before  the  moft  admirable  refearches  of  Scheele, 
who,  with  an  intelligence  and  fagacity  peculiar 
to  himfelf,  devifed  and  performed  a number  of 
experiments  on  this  Angular  fubftance  which 
immediately  exphined  many  of  its  moft  im- 
portant properties,  and  opened  the  way  to  the 
fine  experiments  of  Berthollet  and  fucceeding 
chemifts. 

Pruffian  blue  is  infoluble  in  w'ater  and  in 
acids.  Though  the  lixivium  from  which  it  is 
formed  is  made  at  a red  heat,  the  Pruffian  blue 
itfelf  is  entirely  decompofed  at  this  temperature 
giving  out  carbonated  hydrogen  and  carbonic 
acid,  and  the  oxyd  of  iron  and  alkali  are  left 
behind. 

We  cannot  follow  a better  order  in  our  ac- 
count of  this  fingular  fubftance,  than  by  firft 
giving  a fhort  abftraft  of  the  experiments  of 
the  illuftrious  Swedifti  chemift."'  He  firft  ex- 
amined the  lixivium  fanguinis,  or  liquor  ob- 
tained by  difTolving  in  water  all  the  foluble 
part  of  the  mafs  of  calcined  blood  and  alkali, 
before  the  folution  of  vitriol  of  iron  is  added. 
This  lixivium,  compofed  of  Pruffic  acid  and 
potafh,  foon  lofes  its  power  of  forming  Pruffian 
blue  with  folution  of  iron’ when  it  has  been 
expofed  to  air.  This  the  author  conje£l:ured 
might  be  owing  to  the  carbonic  acid  of  the 
atmofphere,  whidh  fuppofition  was  confirmed 
by  confining  a little  of  it  in  an  atmofphere  of 
fixed  air  for  a day,  after  which  the  oxyd  of 
iron  produced  by  adding  vitriol  of  iron  to  it, 
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was  again  foluble  in  acids,  and  was  therefore 
not  pruffiated  iron,  fo  that  the  lixivium  had 
been  converted  into  fimple  carbonated  potalh. 
This  was  owing  to  the  carbonic  acid  confined 
with  it  having  united  with  the  potafli,  and  dif- 
placed  the  pruffic  acid  which  was  volatilized. 
The  Pruffic  acid  therefore  is  fhewn  to  have  lefs 
affinity  for  alkalies  than  even  the  carbonic,  and 
to  affume  the  gafeous  form  when  expelled 
from  its  bafe.  Some  of  the  lixivium  fanguinis 
was  then  firfl  mixed  with  a little  vitriolated 
iron,  which  turned  it  yellow,  and  afterwards 
expofed  to  carbonic  acid  as  in  the  former  cafe, 
but  now  the  pruffic  acid  was  not  expelled,  fo 
that  it  ftill  was  able  to  form  a perfedl:  Pruffian 
blue  by  a further  addition  of  vitriolated  iron, 
and  fubfequent  walking  with  muriatic  acid. 
Another  portion  of  the  lixivium  was  boiled  for 
fome  minutes  with  the  green  oxyd  produced  by 
decompofing  vitriolated  iron  by  an  alkali  added 
when  ftill  wet,  and  this  was  expofed  to  the  air 
for  fome  time,  but  it  ftill  retained  its  power  of 
forming  Pruffian  blue,.  On  the  other  hand, 
when  another  portion  was  boiled  with  the  fully 
oxydated  calx  of  iron  from  a nitrous  folution, 
none  of  the  metal  was  taken  up,  and  the  lixi- 
vium then  loft  its  Pruffic  acid  by  ftiort  expofure 
to  air.  Hence  the  important  fact  is  proved, 
that  the  prefence  of  iron  is  necefiary  to  give 
fixity  to  the  pruffic  acid  though  already  com- 
bined with  an  alkali,  and  to  prevent  it  from 
being  fpeedily  diffipated  by  the  weakeft  agents, 
even  by  the  carbonic  acid  of  the  air. 

To  detect  more  fully  the  volatilization  of 
the  pruffic  acid  when  not  detained  by  iron,  this 
chemift  fufpended  over  the  fimple  lixivium 
fome  paper  firft  dipped  in  vitriolated  iron,  and 
then  pencilled  with  alkali,  and  after  two  hours 
expofure  on  dropping  muriatic  acid  on  the 
fpot,  it  became  covered  with  the  fineft  Pruffian 
blue. 

Thefe  experiments  led  to  the  attempt  to  ob- 
tain the  pruific  acid  perfeftly  free  from  all 
com.bination.  For  this  pui'pofe  the  lixivium 
fanguinis  (without  iron)  v/a.s  fuperiaturated 
with  fulphuric  acid,  and  diftilled  from  a glafs 
retort  with  a gentle  heat.  When  onc-third  had 
pafl'ed  over  into  the  receiver  it  was  examined. 
It  was  a watery  liquor  with  a peculiar  tafte 
and  fmell  like  peach-flowers,  but  it  had  de- 
tained only  a part  of  the  pruffic  acid  expelled, 
as  the  air  in  and  around  the  veflels  was  ftrongly 
impregnated  with  the  volatile  acid,  and  turned 
paper  blue  that  had  been  dipped  in  an  iron 
folution  and  alkali,  as  in  the  cafe  already  men- 
tioned. But  enough  of  the  acid  was  detained 
by  the  water  to  be  clearly  dete<ffed  by  the  iron 


teft.  The  pruffic  acid  of  this  aqueous  folution 
was  ftill  more  volatile  than  in  the  lixivium,  as 
might  be  expected,  and  was  entirely  diffipated 
by  a fhort  expofure  to  air.  In  diftilling  this 
liquor  the  procefs  may  be  flopped  after  about  a 
third  has  come  over,  as  this  contains  all  the 
pruffic  acid.  It  alfo  holds  a little  of  the  fuU 
phuric  acid  (as  detedled  by  precipitating  a ba- 
rytic  folution)  fo  as  to  redden  litmus,  which 
the  pure  pruffic  acid  will  not  do. 

It  was  then  attempted  to  procure  this  acid 
from  the  pruffian  blue  itfelf,  or  rather  from  that 
yellow  cryftallized  fait  obtained  by  digefling 
the  blue  with  cauftic  alkali  in  the  way  that 
will  be  afterwards  deferibed.  This  is  a triple 
fait  compofed  of  pruffic  acid,  potaflr,  and  oxyd 
of  iron,  and  therefore  one  in  which  the  iron 
ferves  as  a bond  of  union  between  the  acid  and 
alkali.  It  contains  lefs  oxyd  o:  iron  than  the 
pruffian  blue,  and  hence  whenever  any  portion 
of  its  pruffic  acid  is  abftra£led,  the  remainder 
is  liable  to  pafs  into  the  ftate  of  pruffian  blue. 
This  fait  fliould  be  termed  in  ftriftnels  prujfiat 
of  potajh  and  iron,  to  diftinguifli  it  from  the 
fimple  pruffiat  of  potafh,  fuch  as  exifts  in  the 
lixivium  fanguin  s,  but  as  the  latter  is  feldom 
prepared,  the  triple  pruffiat  above  mentioned 
has  got  the  name  fimply  of  prujfiat  of  potafjy 
which  we  fhall  here  retain. 

To  obtain  the  acid  from  this  fait,  an  ounce 
of  it  w'^as  dlffolved  in  four  parts  of  water,  to 
which  were  added  three  drachms  of  fulphuric 
acid,  and  the  whole  was  put  into  a retort  with 
a clofe  receiver.  As  foon  as  the  mnfs  began 
to  boil,  it  grew  thick,  and  a great  quantity  of 
pruffian  blue  was  feparated.  The  diftilkition 
was  continued  till  an  ounce  of  liquor  had 
pafl'ed  over,  which  proved  to  be  pure  pruffic 
acid  fimply  difl'olved  in  water,  and  all  the  vel- 
fels  were  alfo  full  of  the  vaporized  pruific  acid. 
The  blue  mafs  in  the  retort  was  then  filtered, 
by  which  a clear  liquor  (which  contained  merely 
fulphat  of  potafli)  was  feparated,  and  the  prul- 
fian  blue  remained  on  the  filter.  This  blue 
was  again  boiled  with  cauftic  potafh,  to  con- 
vert it  into  pruffiat  of  potafli,  and  diftilled  with 
fulphuric  acid  as  fieicre,  during  v>hich  precifely 
the  fiime  phenomena  took  place  as  at  firft, 
pruffiated  water  and  gas  were  diftilled,  and 
fome  pruffian  blue  and  fulphat  of  potafn  were 
formed.  The  fame  was  r;  peated  a third  time, 
with  fimilar  appearances,  only  that  the  qua;i- 
tity  of  regenerated  blue  was  now  very  minute, 
fo  that  it  appears  that  by  a fucceflion  of  thele 
operations  all  the  pruffic  acid  maybe  expelled 
from  the  pruffiat. 

But  this  method  of  pbtaining  pure  pruffic 
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icid  being  troublefome  and  imperfe£i:,  (owing 
to  the  conftant  regeneration  of  pruflian  blue) 
the  fame  excellent  chemifl;  difcovered  a ftill 
better  way,  and  which  is  the  one  now  followed. 
When  prufTiat  of  potafh  or  prulfian  blue  is 
dlgefted  with  any  oxyd  of  mercury,  the  pruffic 
acid  unites  with  this  metal,  and  a foluble 
prulTiat  of  mercury  is  formed  which  cannot  be 
decompofed  fmgly  by  acids  or  alkalies,  and  may 
be  brought  to  cryftallLze  by  evaporation.  Wlien 
this  prulhat  is  digefted  with  metallic  iron  the 
firft  addion  of  the  iron  is  to  deprive  the  mercury 
of  its  oxygen,  and  precipitate  it  vifibly  in  the 
metallic  ftate;  and  the  pruffic  acid  is  fet  zt 
liberty.  This  however  would  immediately 
unite  with  the  iron  if  it  were  not  prevented  by 
the  prefence  of  a flronger  acid,  for  which  the 
fulphuric  (or  indeed  any  other)  may  be  added. 
Then  on  applying  heat,  the  difengaged  pruffic 
acid  rifes  in  diflillation  with  the  firft  water  that 
comes  over,  and  may  be  colledled.  The  exadl 
procefs  of  Seheele  is  the  following : to  two 
ounces  of  pruffian  blue  mixed  with  one  ounce 
of  red  mercurial  precipitate,  6 oz.  of  water 
were  added,  and  the  whole  was  boiled  for  fome 
minutes  with  conftant  agitation,  when  the  blue 
colour  entirely  difappeared,  and  the  mafs  be- 
came of  a yellowifh  grey.  It  was  then  filtered, 
and  the  mafs  on  the  filter  edulcorated  with  a 
little  hot  water  which  was  added  to  the  clear 
liquor.  This,  which  had  a ftrong  mercurial 
tafte  and  was  pure  pruffiat  of  mercury,  was 
then  poured  upon  i\  oz.  of  clean  iron  filings, 
to  which  were  added  3 drams  of  ftrong  fulphu- 
ric  acid.  The  whole  was  well  agitated,  and  in 
a few  minutes  it  was  turned  quite  black  by  the 
reduced  quickfilver,  and  at  the  fame  time  loft 
its  mercurial  tafte  and  acquired  the  peculiar 
peach-flower  fmell  of  free  pruffic  acid.  The 
liquor,  poured  off  from  the  mercury  that  had 
fubfided,  was  then  put  into  a retort,  and  a 
fourth  part  of  it  was  diftilled  over  into  a well 
luted  receiver,  and  this  liquor  was  now  aqueous 
pruffic  acid,  with  no  other  admixture  than  that 
of  a little  fulphuric  acid  which  had  rifen  along 
with  it.  This  was  got  rid  of  by  mixing  it 
with  a little  chalk,  and  a fecond  diflillation. 
Probably  barytic  water  would  be  preferable,  as 
every  diflillation  volatilizes  and  deftroys  a por- 
tion of  the  pruffic  acid. 

There  appears  at  firft  fight  a eontradidlion  in 
the  order  of  affiiiities  between  pruffic  acid,  iron, 
and  mercury  refpeftively,  when  it  is  found  on 
the  one  hand  that  oxyd  of  mercury  decompofes 
pruffian  blue,  and  takes  this  acid  from  the  iron 


and  potafh  with  which  It  is  united;  and  on  the 
other  hand  when  iron  filings  again  compleatly 
decompofe  pruffiat  of  mercury.  Berthollet 
explains  this  apparent  contradidHon  by  al- 
ledging that  the  oxyd  of  mercury  has  a 
flronger  affinity  for  this  acid  than  the  oxyd  of 
iron,  even  combined  with  potafh,  and  hence 
any  mercurial  oxyd  or  fait  will  decompofe 
prulfian  blue  and  give  a pure  prulfiated  mercury; 
but  on  the  other  hand  iron  has  a greater  affinity 
for  oxygen  than  mercury  has,  and  hence  metallic 
iron  decompofes  the  oxyd  of  mercury  exifting 
in  the  pruffiat,  and  the  mercury,  now  brought 
to  the  metallic  ftate,  feparates  from  the  folution. 

We  (hall  now  deferibe  the  properties  of  this 
acid  and  its  compofition,  and  afterwards  proceed 
to  its  combinations,  in  which  it  will  be  neceffary 
in  fome  degree  to  return  to  thofe  pruffiats  of 
iron  and  potaflr  which  have  been  already  par- 
tially deferibed. 

The  Prussic  Acid,  (the  preparation  of 
which  in  a liquid  form  has  been  already  deferi- 
bed) has  a fweetifh  and  acrid  tafte,  and  a fmell 
refembling  that  of  peach-flowers  or  bitter 
almonds;  nor  is  this  latter  circumftance  a mere 
coincidence,  fince  this  acid  is  a£lually  found 
in  many  parts  of  vegetables.  It  is  ftrongly 
poifonous.  It  does  not  redden  vegetable  blues, 
and  hence,  as  well  as  from  the  abfence  of 
fournefs  of  tafte,  it  is  very  doubtful  how  far  it 
ought  to  be  entitled  to  the  name  of  an  acid, 
though  from  its  property  of  neutralizing  alkalies 
and  forming  cryftallizable  falts  with  them,  and 
with  metallic  oxyds,  it  is  more  conveniently 
claffed  among  thefe  bodies.  It  does  not  appear 
to  contain  any  oxygen.  It  precipitates  fulphu- 
rets,  and  curdles  foap.  It  is  extremely  volatile 
when  Amply  united  with  water,  or  with  an 
alkaline  bafe  fmgly,  and  is  expelled  from  the 
latter  by  every  known  acid,  and  even  by  light, 
and  by  a moderate  heat.  It  cannot  be  cryftal- 
lized. 

It  has  no  a^iion  upon  metals,  but  unites  with 
their  oxyds,  forming  combinations  for  the  moft 
part  infoluble,  and  not  eafily  decompofable  by 
other  acids.  It  has  the  greateft  tendency  to  form 
triple  falts  when  in  contact  with  an  alkali  and 
a metallic  bafe,  and  it  adheres  to  the  alkalies 
and  earths  with  much  more  force  when  alfo 
united  to  a metallic  oxyd  (particularly  of  iron) 
than  when  only  in  fingle  combination.  It  is 
totally  decompofed  by  oxymuriatic  acid.  The 
double  and  triple  falts  formed  by  this  acid  with 
the  difl'erent  bafes  will  be  prefently  deferibed, 
but  we  fliall  firft  mention  the  experiments  of 
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Scheele,  Berthollet,  and  others,  which  lead  to 
ail  explanation  of  the  nature  of  this  fingular 
fubltance. 

Thofe  of  Scheele  were  the  following  (among 
many  others  of  lefs  importance). 

Some  pure  prulTian  blue  was  prepared  and 
diftilled  per  fe  in  a retort,  to  which  was  attached 
a receiver  containing  a little  water.  The  fire 
was  urged  till  the  retort  was  red-hot.  The 
water  in  the  receiver  contained  fome  undecom- 
pofed  prulTic  acid,  and  ammonia,  and  the  air 
of  the  veflel  was  impregnated  with  the  volatile 
acid,  and  with  carbonic  acid  gas.  The  mafs 
that  remained  in  the  retort  was  black  and  mag- 
netical.  Hence  ammonia  appeared  to  be  one 
of  the  conftituents  of  pruflic  acid,  and  the  other 
the  author  was  at  firll;  difpofed  to  believe  to  be 
an  animal  oil.  He  then  endeavoured  to  com- 
pofe  prufTian  blue  by  uniting  ammonia  with 
Ibme  oily  matter  by  diftillation  of  this  alkali 
with  fat,  lard,  oil  of  turpentine,  &c.  but  to  no 
purpofe.  This  led  to  the  further  conje£ture 
that  it  was  the  carbonaceous  part  of  the  oil 
alone  that  was  eflential,  which  was  confirmed 
by  the  following  experiments;  two  crucibles 
were  filled  with  a mixture  of  charcoal  powder 
and  alkali  of  tartar,  and  kept  for  a quarter  of  an 
hour  at  a red-heat.  The  contents  of  one  were 
then  thrown  Into  water,  but  into  the  other  fome 
dry  muriated  ammonia  was  ftirred  in,  and  heat- 
ed for  a miitute  or  two  till  no  more  ammoniacal 
vapours  were  given  out.  This  was  then  lixivi- 
ated with  water.  On  trying  the  lixivium  from 
the  firft  crucible,  with  vitriol  of  iron,  and  acids, 
fcarcely  any  fenfible  quantity  of  pruflian  blue 
was  obtain^  t but  the  fecond  gave  it  in  abun- 
dance. In  another  experiment,  plumbago  was 
fubllituted  to  the  charcoal,  and  after  calcination 
with  potafh  and  fal-ammoniac,  it  yielded  pruf- 
fian  blue.  From-  thefe  interefting  experiments 
it  appears  that  the  pruflic  acid  is  generated  by 
fome  peculiar  aftion  of  charcoal  on  ammonia,, 
aflifted,  doubtlefs,  by  the  operation  of  potafh, 
or  in  other  words,  that  it  is,  probably,  ammo- 
nia intimately  combined  with  carbon.  Hence 
when  pruffian.  blue  is  mixed  with  fix  times  its 
weight  of  black  oxyd  of  manganefe  and  diftilled, 
nothing  but  carbonated  amnaonia  comes  over 
into  the  receiver. 

Berthollet  purfued  thefe  ingenious  refearches, 
calling  in  the  alliftance  of  another  and.  moft 
powerful  agent,  the  oxymuriatic  acid.  If  this 
acid  is  mixed  with  liquid  pruflic  aciif  prepared 
in  the  way  given  by  Scheele,  the  oxymuriatic 
acid  lofes,  its  peculiar  fulfocating  fmell,  and 


becomes  common  muriatic  acid,  whilft  the 
liquor  acquires  a much  more  pungent  odour, 
and  appears  to  have  become  more  volatile,  and 
its  affinity  for  alkalies  to  be  leflened.  In  this 
ftate  the  precipitate  which  it  forms  with  the 
folutions  of  iron,  is  at  firft  green,  but  turns 
blue  by  the  a£Iion  of  light,  or  by  fulphureous 
acid,  tlrat  is  (probably)  hy  lofing  a part  of  its 
oxygen.  When  fulphat  of  iron  is  mixed  with 
oxymuriatic  acid,  and  pruffiat  of  potafli  is  added, 
the  green  precipitate  firft  formed  is  rediflblved, 
but  may  be  changed  to  the  common  infoluble 
blue  pruffiat  by  Ample  fulphat  of  iron,  or  iron 
filings,  or  fulphureous  acid.  If  pruffic  acid  is 
fully  impregnated  with  the  oxymuriatic  and  then 
expofed  to  the  light,  its  properties  as  pruffic 
acid  are  deftroyed,  and  new  ones  are  acquired. 

It  now  no  longer  combines  with  iron,  and 
affumes  quite  a different  and  very  peculiar  fmell, 
and  when  flraken  with  -water,  a great  part 
col  lefts  at  the  bottom  on  Handing  for  a few 
feconds,  and  refembles-  in  appearance  an  effen- 
tial  oiL  This  fingular  fubftance  however  is  not 
Inflammable,  but  at  a moderate  increafe  of  heat 
it  refolves  into  a vapour  immifcible  with  water. 
If  left  to  itfelf,  in  time  it  cryftallizes,  but  the 
nature  of  thefe  cryftals  is  not  known. 

Though  pruffic  acid  at  firft  contains  no  ammo- 
nia^ as  fuch,  (at  leaft  not  In  a ftate  to  be  difen- 
gaged  by  lime  or  the  alkalies,  as  is  the  cafe 
with  all  the  known  ammoniacal  mixtures)  yet 
when  It  has  been  brought  by  oxymuriatic  acid 
to  that  point  at  which  it  precipitates  a green 
pruffiat  of  iron  inftead  of  a blue,  and  fixed  alka- 
lies or  lime- are  added,  it  tzow  gives  the  volatile - 
alkali  In  abundance,  and  lofes  its  peculiar  peach  ’ 
flower  fmell.  At  the  fame  time  it  effervefees-; 
with  the  ftronger  acids,  and  carbonic  acid  is ' 
difengagecL  Hence  it  feems  the  moft  probable 
fuppofition  that  pruffic'acid’  contains  neither  car- 
bonic acid  nor  ammonia  ready  formed,  but  the 
elements  of  thefe,  ( with  the  exception  of  oxy- 
gen) or  in  other  words,  that  pruflic  acid  Is  a- 
combination  of  carbon  with  hydrogen  and  azot.- 

The  method  indicated  by  Scheele  of  com— 
pofing  pruffic  acid,  by  heating  together  ammonia, 
and  charcoal,  was  repeated  by  Clouet  * in  a 
different  manner,  that  is,  by  pafling  ammonia — 
cal'  vapour  through  red-hot  charcoal.  This 
vapour  was  difengaged  from,  a mixture  of  lime  ' 
and  fal-ammoniac  In  an  earthen  retort,  the  neck . 
of  which  was  luted  into  a porcelain  tube  con- 
taining charcoal,  and  lying  acrofs  a fmall  fur- 
nace. To  the  oppofite  end  of -tire  tube  wa8> 
luted  a tubulated  balloon,  which  communicated  i 
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will)  two  other  balloons  in  fuccelTion,  the  firft 
of  which  coiuained  a foliuion  of  fulphat  of  iron, 
the  fecond,  fome  of  the  fame  folution  acidu- 
lat'*d,  and  the  third,  an  acid  nitrous  folution  of 
iron.  When  the  charcoal  was  red-hot,  the 
ammonia  was  palled  tlrrough  it,  and  the  gas  in 
palling  through  the  three  balloons,  produced  a 
large  quantity  ofPruffian  blue  in  the  firft  (which 
contained  neutral  fulphat  of  iron)  but  none  in 
the  fecond  or  in  the  third.  In  another  experi- 
ment the  firft  balloon  was  filled  before  the  ope- 
ration with  fulphuric  acid,  largely  diluted  with 
w'ater,  the  fecond  contained  diltilled  water,  and 
the  third,  cauflic  foda  in  dilute  folution.  When 
the  operation  w~as  finiflied,  the  firft  balloon  con- 
tained fulphat  of  ammonia  (owing  to  the  pafi'age 
of  fome  undecompofed  ammonia)  and  alfo  fome 
pruflic  acid,  fo  as  to  give  the  blue  pruffiat  on 
adding  a folution  of  iron.  The  fecond  appeared 
to  hold  pure  pruffic  acid,  and  gave  Prulfian  blue 
on  adding  a folution  of  iron,  and  along  with  it 
fome  alkali.  In  the  third,  the  foda  was  found 
combined  with  a large  quantity  of  pruflic  acid. 

This  experiment  was  repeated  by  Bonjour,*’ 
who  on  adding  potafh  and  oxyd  of  iron  to  one 
of  the  balloons,  obtained  in  it  after  the  diftilla- 
tion  a fenfible  quantity  of  cryftallized  pruffiat 
of  potafh. 

I he  pruffic  acid  often  makes  its  appearance 
(and  is  dete£led  either  by  the  peach-flower  fmell 
or  by  the  blue  precipitate  which  it  forms  with 
folutions  of  iron)  during  a variety  of  decom- 
pofmg  operations  on  animal  fubftances  either 
fpontaneous  or  artificial.  Thus  Vauquelin  found 
it  produced  by  the  adbion  of  nitric  acid  on  ferum, 
and  Fourcroy  and  others  have  detefted  it  as  an 
occafional  produ£t  (though  rare)  of  animal 
putrefa£tion. 

rius  acid  is  alfo  contained  in  the  vegetable 
kingdom  in  fmall  quantity,  in  thofe  fubftances 
where  the  fmell  would  indicate  it  to  be,  that  is, 
in  bitter  almonds,  peach  flowers,  in  the  leaves 
of  the  lauro-cerafus,  &c.  As  thefe  contain  a 
poifonous  principle,  it  has  been  conjedfured 
with  fome  probability  that  it  may  refide  in  the 
pruffic  acid,., which  is  itfelf  highly  deleterious. 

hi.  Schrader  ^ detedled  this  acid  in  thefe 
vegetable  fubftances  by'  adding  lime  to  the  con- 
centrated infufion  or  diftilled  w'ater,  then  ap- 
plying a folution  of  iron  and  acid.  Vauquelin 
alfo  obtained  a notable  quantity  of  the  acid  in 
the  diftilled  w'ater  from  the  kernels  of  apricots, 
and  that  of  bitter  almonds.  Thefe  waters  were 
mixed  with  a folution  of  iron,  then  precipitated 
etitirely  by  ammoni.a,  and  after  ftirring  the  mi.x- 


ture  and  repofe  for  fome  hours,  fulphuric  acid 
was  added,  which  diflblved  the  excefs  of  oxyd 
of  iron,  and  left  an  infoluble  blue-green  precipi- 
tate, w'hich  retained  its  colour  for  fome  days, 
but  immediately  became  blue  in  the  heat  of 
boiling  water.  The  alkalies  took  away  the  blue 
colour  and  changed  it  to  yellow,  as  they  do  the 
common  blue  pruffiat  of  iron.  As  the  heat 
employed  here  was  not  fuperior  to  that  of 
boiling  water,  it  appears  more  than,  probable 
that  the  pruflic  acid  was  merely  expelled  from 
the  almond  and  other  kernels  by  diftillation,  and 
not  formed  in  the  procefs,  which  therefore  will 
entitle  the  pruffic  acid  to  be  confidered  as  one 
of  the  immediate  vegetable  principles. 


Prussiats.  We  fhall  now  defcrlbe  more 
fully  the  more  important  combinations  of  this 
acid  with  the  various  bafes. 

Prujftat  of  Iron.  This  fait  cannot  be  made 
by  the  diredf  combination  of  the  pruffic  acid  and 
iron,  but  is  always  the  refult  of  the  decompo- 
fition  of  the  folution  of  iron  in  another  acid. 
When  the  pure  pruffic  acid  is  added  to  any  fo- 
lution of  this  metal,  the  pruffiat  of  iron  thus 
formed  is  at  firft  green,  and  is  foluble  in  acids, 
hence  much  of  it,  and  often  the  whole,  remains 
in  the  folution,  and  no  precipitate  occurs.  But 
on  expofure  to  the  rays  of  light,  or  to  fu’phu- 
reous  acid,  or  if  metallic  iron  is  added  to  the 
folution,  the  colour  becomes  blue,  and  the 
pruffiat,  which  is  now  no  longer  foluble  in 
acids,  falls  down.  Hence  it  would  appear  that 
pure  blue  pruffiat  of  iron  (which  may  be  diftin- 
guiflied  from  Prujfan  blue  by  containing  nothing 
but  pruffic  acid  and  oxyd  of  iron)  contains  the 
metal  in  a lefs  oxygenated  Hate  than  in  the 
green  folution. 

Another  fimple  pruffiat  of  iron  has  been  no- 
ticed by  Berthollet.  When  an  alkali  is  digefted 
with  blue  pruffiat,  a divilion  of  its  cenftituent 
parts  takes  place;®  the  alkali  diflblves  out  the 
greater  part  of  the  pruflic  acid,  and  a fmaller  part 
of  the  oxyd  of  iron,  and  thefe  three  fubftances, 
when  the  folution  is  evaporated,  unite  to  form 
that  triple  fait,  the  pruflat  of  potafj  ’with  iron, 
which  is  commonly  termed  Amply  pruffat  of 
potafj,  and  which  will  be  prefently  deferibed. 
The  remaining  and  infoluble  part  of  the  blue 
pruffiat,  now  confifts  of  pruffic  acid,  with  an 
cxcefs  of  oxyd  of  iron,  and  is  of  a yellow  co- 
lour bordering  on  red.  It  may  be  termed  with 
propriety  the  fuh-prujfiat  of  iron,  but  though  it 
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-always  contains  more  oxyd,  or  (what  is  the 
fame  thing)  lefs  acid  than  the  blue  pruffiat,  the 
precife  proportion  of  its  conftituent  parts  is 
found  to  vary  confiderably,  whereas  thofe  of 
the  blue  prufliat  are  much  more  conflant. 
When  any  acid  is  poured  on  this  fub-pruffiat, 
it  diffolves  the  excefs  of  oxyd,  and  immediately 
brings  it  to  the  ftate  of  blue  pruffiat,  which  again 
may  be  decompofed  by  alkalies  as  at  firft,  and 
another  but  fmaller  quantity  of  fub-pruffiat  is 
left  i and  thus  by  fucceffive  applications  of  acid 
and  alkali  the  whole  may  be  decompofed. 

It  has  been  mentioned  that  a blue  pruffiat 
may  be  made,  fimply  by  adding  pruffic  acid  to 
a folution  of  iron,  and  expofure  to  light.  This 
therefore  can  contain  nothing  but  pruffic  acid 
and  oxyd  of  iron,  probably  in  proportions  which 
vary  but  little,  if  at  all.  But  when  that  pruffiat 
is  prepared  in  the  ufual  way,  by  adding  pruffiat 
of  potaffi  to  the  fulphat  or  any  other  fait  of  iron, 
the  blue  precipitate  always  carries  down  with  it 
a portion  of  alkali,  with  which  it  firmly  unites, 
fo  as  to  render  the  alkali  infoluble  in  acids  or  in 
water.  Hence  it  is  that  though  the  a£iual 
quantity  of  alkali  in  the  pruffiat  of  potaffi  is 
more  than  fufficient  to  faturate  the  acid  of  the 
iron  folution,  the  latter  always  remains  acidulous 
after  the  blue  precipitate  has  fubfided.  ^ This 
will  explain  the  great  weight  of  fuch  precipi- 
tates compared  with  the  quantity  of  metallic 
oxyd  contained  in  the  folution  which  has  been 
decompofed. 

Befides  the  fpecies  of  pruffiats  of  iron  already 
mentioned,  that  is,  the  blue  and  the  yellow,  or 
fub-pruffiat,  which  differ  in  the  proportions  of 
oxyd  of  iron  which  they  contain,  another  is 
deferibed  by  Prouft,  the  luhite  prujjiat,  which 
is  ftated  to  have  the  fame  proportion  of  acid 
and  iron  as  the  blue  pruffiat,  but  in  which 
the  metal  is  in  a much  lower  ftate  of  oxydation. 
The  method  of  procuring  the  white  pruffiat  is 
the  following  : s take  a folution  of  green  fulphat 
of  iron,  or  that  in  which  the  metal  is  at  the 
lowed  ftate  of  oxydation  (and  which  is  pre- 
pared from  the  common  fulphat  by  adding  iron 
filings,  or  tin,  or  fulphuretted  hydrogen,  and 
has  been  deferibed  under  the  article  Iron)  add 
to  it  a folution  of  pure  pruffiat  of  potaffi,  rather 
more  than  is  fufficient  to  decompofe  it,  and 
cork  the  bottle  immediately.  A copious  white 
precipitate  falls  down,  which  is  the  white  pruf- 
fiat of  iron,  and  foon  becomes  green,  but  if 
the  bottle  remains  corked  this  colour  does  not 
deepen,  nor  alter  by  expofure  to  light.  After 
ftanding  for  fome  hours,  it  becomes  covered  by 
* Bcrthollct,  Chem.  Statics.  $ Ann, 


a yellow  liquid,  which  is  a mixture  of  pruffiat 
and  fulphat  of  potaffi,  together  with  a little  of 
the  white  prufliat,  which  is  held  in  folution, 
and  hence  if  expofed  to  the  air  it  becomes  blue, 
and  a blue  pruffiat  is  precipitated. 

The  white  prufliat  therefore,  according  to 
this  ingenious  chemift,  differs  from  the  blue 
only  in  containing  lefs  oxygen,  which  it  has 
a very  ftrong  tendency  to  abforb  from  the 
air,  or  from  all  bodies  that  yield  this  fubftance, 
and  thus  to  pafs  into  the  ftate  of  blue  prufliat. 
Thus  the  oxymuriatic  acid  effe£ls  this  change 
immediately,  the  nitric  acid  more  flowly.  But 
the  fulphuric  and  muriatic  acids  have  no  effedf . 
On  the  other  hand,  the  de-oxygenating  fub- 
ftances,  fuch  as  fulphuretted  hydrogen,  have  no 
effecT  on  the  white  pruffiat,  but  bring  to  this 
ftate  the  blue  pruffiat  when  long  kept  in  conta£l 
with  it.  The  fame  change  is  produced  when 
the  blue  prufliat  is  kept  in  water  in  a well-clofed 
bottle,  in  contaiT  with  bits  of  iron  or  tin.  Con- 
formably with  his  theory  concerning  the  falts 
of  iron,  Prouft  concludes  therefore,  that  in  the 
white  pruffiat  the  metal  contains  27  per  cent. 
of  oxygen ; in  the  blue,  when  fully  oxygenated, 
it  contains  48  per  cent,  and  he  fuppofes  that 
there  is  no  intermediate  ftate  of  oxygenation, 
except  what  may  be  produced  by  the  mere 
mechanical  mixture  of  one  oxyd  with  another  in 
any  given  mafs. 

This  however  he  fuppofes  is  a£fually  the  cafe 
for  the  moft  part  with  the  white  pruffiat,  that 
is  to  fay,  it  fcarcely  ever  can  be  obtained,  or  at 
leaft  preferved,  for  any  time  perfe£f  ly  white , 
but  from  the  prefence  of  atmofpherical  air,  or 
other  fourccs  of  oxygen,  a fmall  and  varying 
portion  is  always  converted  into  the  blue  oxyd, 
and  in  mingling  with  the  whole  uiafs,  it  gives 
thofe  different  fliades  of  blue-green  which  are 
obferved. 

Such  is  the  theory  given  by  Prouft  of  the 
difference  between  thefe  two  pruffiats,  which 
however  is  called  in  queftion  by  Berthollet,  * 
on  account  of  the  great  rapidity  with  which  the 
blue  pruffiat  is  formed  in  various  circumftances 
where  the  operation  of  the  external  air  can 
hardly  be  fuppofed  to  a£f.  The  fa(Ts  given  by 
Berthollet  are  the  following  : if  a mixture  of 
the  green  or  leaft  oxydated  fulphat  of  iron  be 
mixed  with  pruffiat  of  potaffi,  though  the  latter 
is  in  large  proportion,  the  liquor  retains  the 
vitriolic  tafte,  ffiewing  that  the  whole  of  the 
fulphat  of  iron  is  not  decompofed,  and  the  fub- 
ftance which  Prouft  calls  the  white  pruffiat  is 
precipitated  ; but  if  diftilled  water  is  added  to 
•Chini.  tom.  23.  *■  Chem  Statics. 
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the  mixture  it  immediately  becomes  of  a deep 
blue,  with  a greenifh  tinge.  Muriatic  acid  gives 
it  a deep  blue  colour,  and  fo  fpeedily,  that  no 
fenfible  aftion  of  the  atmofpheric  air  can  be 
fufpe£l:ed. 

Again,  if  fome  of  the  white  prufliat  be  put 
into  a flalk  filled  with  muriatic  acid,  and 
inftantly  corked,  it  becomes  perfeftly  blue,  and 
the  fame  takes  place  with  the  fulphureous  and 
phofphoreous  acids.  Alfo  if  white  prufliat  be 
formed  in  a glafs,  and  fulphuric  acid  poured 
down  upon  it,  the  whole  becomes  blue  that  is 
in  the  reach  of  the  acid,  whilft  the  liquor  at  top 
remains  colourlefs.  Thefe  three  laft  experi- 
ments are  direftly  in  contradi£l:ion  to  Prouft, 
who  aflerts  that  the  acids  which  do  not  impart 
oxygen,  fuch  as  the  fulphuric  and  muriatic,  do 
not  change  the  white  pruflfiat.  Berthollet  ex- 
plains thefe  phenomena  in  the  following  way  : 
in  experiments  on  the  metallic  folutions  it  is 
four.d  that  the  oxyd  of  iron  adheres  much  more 
ftrongly  to  the  fulphuric  acid  when  it  is  a little 
oxydated  than  w'hen  it  is  much  fo ; therefore 
the  green  fulphat  is  not  decompofed  by  pruf- 
fiat  of  potafli  when  both  folutions  are  con- 
centrated, but  yet  thefe  two  fubftances  exercife 
a mutual  a£tion  which  Amply  feparates  them 
from  the  fmall  quantity  of  water  which  they 
contain.  If  however  this  quantity  is  increafed, 
the  adlion  of  the  fulphuric  acid  on  the  oxyd  is 
proportionably  lelTened,  and  then  the  pruflfic 
acid  begins  to  combine  with  the  iron  and  pro- 
duce the  blue  pruflTiat,  which  mixes  wdth  the 
white  compound  and  colours  it,  but  as  the 
pruflTiat  has  an  excels  of  oxyd  of  iron,  the 
colour  is  greenifh.  Hence  is  explained  the 
elFe£l;  of  Ample  dilution  with  water  on  the 
white  mafs,  which  Prouft  fuppofes  to  arife  from 
the  atmofpheric  air  that  the  water  may  contain. 
If  befides,  an  acid  is  added  (of  whatever  kind 
it  be,  whether  fuch  as  is  liable  to  yield  oxygen, 
or  to  abforb  it)  this  combines  with  the  alkali 
prefent  in  the  white  mafs,  and  thus  increafes 
the  action  of  the  prulfic  acid  on  the  oxyd  of 
iron,  and  enables  it  to  decompofe  the  fulphat. 
This  alfo  is  ftill  farther  augmented,  if  the  acid 
alfo  imparts  oxygen  to  the  oxyd,  inafmuch  as 
by  fo  doing,  it  weakens  the  affinity  between 
the  oxyd  and  lulphuric  acid,  and  renders  it  more 
eafliy  decompofed  by  the  pruffic  acid.  Berthol- 
let however  acknowledges  that  there  is  fome 
dilFerei  ce  between  the  blue  pruffiats,  according 
to  their  ftate  of  oxydation,  which  gives  different 
ihad  s of  blue,  but  he  denies  the  exiftence  of 
lihe  wliite  prufliat  as  defcribqd  by  Prouft. 
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From  all  that  has  hitherto  been  obferved  there- 
fore we  cannot  reckon  with  certainty  more  than 
three  pruffiats  of  iron,  viz.  the  green,  blue,  and 
yellow.  In  the  two  firft  the  proportion  of  metal 
to  prulfic  acid  appears  to  be  the  fame,  but  the 
green  is  the  moft  oxydated,  and  is  foluble  in 
acids.  The  blue  prufliat,  which  is  the  moft 
known  and  the  moft  interefting,  is  infoluble  in 
water  or  in  acids,  but  may  be  decompofed  by 
alkalies,  and  in  the  procefs  the  yelloiu  or  fub- 
prtijftat  is  left,  which  contains  an  excefs  of 
metallic  oxyd,  probably  in  the  fame  degree  of 
oxydation  as  in  the  blue  pruffiat,  and  may  be 
brought  to  the  blue  ftate  by  any  acid  which 
limply  difl'olves  the  excefs  of  oxyd.  Thefe 
pruffiats  however,  and  particularly  the  blue, 
are  in  general  triple  falts,  owing  to  a fmall 
quantity  of  alkali  which  they  retain,  but  they 
mull  not  on  that  account  be  confounded  W'ith 
the  cryftallized  prulfiat  of  potaffi  and  iron. 

Pruffiat  of  Mercury.  The  prulfic  acid  exer- 
cifes  fo  ftrong  an  a<ftion  on  the  oxyd  of  mercury, 
that  even  corrofive  muriat  is  decompofed  by 
Pruffian  blue,  and  all  the  oxyds  of  this  metal  do 
the  fame',  as  has  been  already  obferved  when 
defcribing  the  method  of  obtaining  this  acid 
pure.  The  pruffiat  of  mercury  duly  evaporated 
cryftallizes  in  tetrahedral  prifms.  It  is  the 
only  Ample  combination  of  this  acid  and  a me- 
tallic oxyd  which  will  cryftallize.  When  pruf- 
fiated  lime  * (meaning  the  combination  of  pure 
prulfic  acid  with  lime,  and  not  the  triple  fait 
formed  by  digefting  Prulfian  blue  with  lime, 
for  this  contains  iron)  is  added  to  nitrated  mer- 
cury, a black  precipitate  falls  down,  which  is 
the  mercury  reduced,  and  therefore  feparated 
from  the  prulfic  acid. 

Pruffat  of  Silver.  The  pure  pruffic  acid 
when  added  to  nitrated  filver,  precipitates  a 
white  prulfiat  of  filver.  When*  this  metal  is 
previoufly  feparated  from  its  folution  by  car- 
bonat  of  foda,  this  acid  unites  with  it,  and 
forms  white  prufliat  as  before,  and  expells  the 
carbonic  acid  which  it  contains.  If  the  pure 
pruffiat  of  lime  as  above  defcribed  is  added  to 
any  folution  of  filver,  it  forms  a white  curdy 
precipitate.  ‘‘  If  more  of  the  liquor  is  added, 
the  precipitate  rediflblves,  and  this  folution 
cannot  then  be  decompofed  by  muriatic  acid 
or  muriat  of  ammonia,  which  is  a Angular  ano- 
maly. The  precipitate  itfelf  is  infoluble  in 
acids. 

Prujfat  of  Copper.  The  pure  pruffic  acid 
digefted  with  the  carbonated  oxyd  of  copper 
eft'ervefces  and  turns  it  of  a faint  lemon  colour, 
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but  it  does  not  alter  the  folutions  of  this  metal. 
If  the  pure  prufhat  of  lime  is  added  to  the  ful- 
phat  of  copper  it  firft  precipiutes  a lemon-co- 
loured pruffiat  of  copper,  which  more  of  the 
liquor  rediflblves,  and  this  folution  is  foluble  in 
ammonia  without  turning  it  blue.  If  more  of 
the  fulphat  of  copper  is  added,  the  precipitate 
likewife  difappears. 

Some  acids  diflblve  only  a portion  of  this 
precipitate,  and  the  remainder  is  white,  but  the 
muriatic  acid  dilTolves  the  whole. 

The  triple  prufliats  alfo,  whether  with  an 
alkaline  or  earthy  bafis,  decompofe  compleatly 
all  folutions  of  copper,  and  with  more  eafe 
than  the  fimple  pruffiat,  as  indeed  is  the  cafe 
with  all  the  other  metallic  folutions.  The  pruf- 
fiat of  copper  thus  prepared  is  of  a beautiful 
bright-brown,  which  mixes  well  with  oil,  and 
in  beauty  and  intenfity  furpalTes  every  brown 
paint  now  in  ufe.  It  has  been  introduced  into 
the  arts  by  Mr.  Hatchett.  * He  prefers  the 
muriat  of  copper  precipitated  by  pruffiat  of  lime. 
It  muft  be  well  wafhed  with  cold  water  after 
precipitation,  and  dried  without  heat. 

This  fait  is  however  in  fa£l  a pruffiat  of  cop- 
per and  iron,  for  this  acid  appears  to  carry  with 
it  in  all  its  combinations,  except  that  of  mercury, 
a certain,  and  even  confiderable,  portion  of  oxyd 
of  iron.  As  a proof  of  this,  when  this  pruffiat 
of  copper  is  digefted  with  an  alkali,  the  triple 
pri^tat  of  pot  ajh  and  iron  is  obtained,  as  will  be 
prefently  mentioned. 

The  other  metallic  pruffiats  are  formed  in  a 
fimilar  way  with  the  above,  but  are  of  little  im- 
portance. 

Prussiated  Alkalies  and  Earths. 

Of  thefe  by  far  the  moll;  important  is  the 

Pruffiat  of  pot  ajh.  It  has  been  already  men- 
tioned that  though  the  pure  pruffic  acid  is  capable 
of  uniting  with  cauftic  potafh  to  faturation,  the 
affinity  between  the  two  is  extremely  weak, 
fo  that  this  acid  is  difplaced  even  by  the  car- 
bonic, hence  when  this  folution  is  expofed  to 
the  air,  the  alkali  abforbs  carbonic  acid,  and 
the  pruffic  is  expelled  and  evaporates.  But 
when  a certain  quantity  of  oxyd  of  iron  is 
prefent  the  effe£l:  is  very  different,  and  a triple 
fait  feparable  by  cryftallization  is  formed,  con- 
taining pruffic  acid,  potafli,  and  iron,  to  which 
the  acid  now  adheres  fo  ftrongly,  that  no 
acid  can  expell  it  unlefs  heat  is  employed,  ex- 
cept the  oxymuriatic,  which  decompofes  and 
deftroys  the  pruffic  acid.  This  triple  combi- 


nation of  pruffic  acid,  oxyd  of  iron,  and  potaffi, 
is  ufually  termed  (imply  pruffiat  of  potafh^  which 
we  fhall  here  retain. 

A great  many  experiments  have  been  made 
by  chemifts  to  prepare  this  fait  pure  and  of 
uniform  compofiticii,  as  in  this  llate  it  is  a 
valuable  chemical  tell,  having  the  property  of 
forming  a precipitate  with  all  the  metallic  folu- 
tions except  thofe  of  gold,platina,  and  antimony, 
but  with  none  of  the  earthy  folutions  except 
muriat  of  alumine.  Thus  the  fame  teft  duly 
applied  will  tell  the  prefence  of  any  metallic  fait 
(with  the  exceptions  above  mentioned)  and  by  the 
colour  of  the  precipitate  two  or  three  of  the  in- 
dividual metals  may  be  difeovered,  particularly 
iron  and  copper;  and  where  iron  alone  is  prefent, 
the  quantity  may  be  found  by  drying,  weighing, 
and  igniting  the  precipitate,  deducting  from 
the  refidue  the  proportion  of  iron  effential  to 
the  pruffiat  added.  On  account  however  of  the 
great  difficulty  of  preparing  an  alkaline  pruffiat 
with  an  uniform  proportion  of  iron,  this  teft  is 
feldopi  employed  to  afeertain  the  quantity  of 
iron  in  any  folution,  but  only  its  prefence. 

Two  or  three  good  methods  have  been  given 
for  preparing  pruffiat  of  potafti.  They  are  all 
effentially  the  fame,  and  are  founded  on  the 
following  principles  : when  an  alkali  is  digefted 
with  heat,  upon  Pruffian  blue,  a great  part  of 
the  acid,  and  a fmall  part  of  the  oxyd  of  iron  of 
the  blue,  unite  in  folution  with  the  alkali,  and 
a yellow  pruffiat  of  iron  with  excefs  of  oxyd  is 
left,  as  has  already  been  mentioned.  It  would 
feem  therefore  at  firft  that  no  more  was  re- 
quired to  prepare  the  pruffiat  of  potafti,  than  to 
evaporate  the  folution  to  the  proper  point  and  to 
cryftallize.  This  indeed,  if  the  alkali  were  fatu- 
rated,  would  readily  afford  the  cryftals  required  ; 
but  in  this  ftate  if  any  acid  is  poured  on  them, 
a copious  feparation  of  blue  pruffiat  will  take 
place,  and  therefore  it  would  lead  to  great 
errors  in  analyfis,  as  an  indication  of  iron  will 
be  given  in  the  liquor  examined  by  this  teft, 
when  it  merely  contained  an  excefs  of  acid. 
The  reafon  of  the  effeft  of  acids  on  this  unpuri- 
fied pruffiat  of  potafti  in  precipitating  blue  pruf- 
fiat, feems  to  be,  that  during  the  firft  digeftion 
of  the  alkaline  ley  and  Pruffian  blue,  a confide- 
rable portion  of  the  fub-pruffiat  of  iron,  of  the 
fame  nature  as  that  left  behind,  is  taken  up  (for 
this  is  found  to  yield  a fimilar  blue  precipitate 
by  the  fimple  addition  of  an  acid  which  diffolves 
the  excefs  of  iron)  and  hence  it  becomes  necef- 
fary  to  purify  the  pruffiat  of  potafti  from  the 
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whole  of  this  fub-priiffiat  before  it  can  be  de- 
pended on  as  a tell. 

The  proportions  of  the  conflituent  parts  of 
pure  prufliat  of  potafli  are  not  abfolutely  con- 
ftant,  but  in  general  they  may  be  ftated  to  be 
thofe  in  which  the  alkali  is  perfe£tly  faturated 
with  the  pruffic  acid,  and  contains  the  fmallell 
poflible  quantity  of  oxyd  of  iron  confiftent  with 
the  nature  of  the  fait.  The  latter  is  ftill  very 
confiderable,  being  from  22  to  about  30  per 
cent,  of  the  weight  of  the  entire  fait.  It  may 
be  found  in  the  following  way ; take  a known 
quantity  (too  grains  for  example)  calcine  it  to 
moderate  rednefs  in  a filver  crucible,  by  which 
the  pruffic  acid  will  burn  off,  and  the  potafh 
and  oxyd  of  iron  be  left.  Wafh  the  refidue 
thoroughly  with  hot  water  to  diffolve  the  alkali, 
filter,  and  colledl:  the  oxyd  of  iron  left.  But 
as  tins  is  in  the  lowefl;  ftate  of  oxydation  in  the 
pruihat,  calcine  it  for  a fhort  time  in  a covered 
crucible  with  wax,  till  it  becomes  magnetic, 
and  then  weigh  it.  When  this  exceeds  about 
30  per  cent,  of  the  prufliat  employed,  the  latter 
generally  depofits  Prulhan  blue  by  the  affufion 
of  acids,  and  confequcntly  is  impure. 

Another  fubftance  that  is  always  found  in 
impure  prufliat  is  fulphat  of  potafli,  for  it  is 
fcarcely  poffible  to  obtain  any  potafh  free  from 
it  without  unufual  care,  and  befides,  the  Pruffian 
blue  itfelf  contains  a little  fulphuric  acid  ob- 
tained from  the  alum  with  which  it  is  prepared. 
This  acid  may  lead  to  error  where  the  abfence 
of  a metal  in  any  folution  is  to  be  inferred  from 
the  want  of  a precipitate  on  adding  the  prufliat, 
for  if  the  latter  contains  any  fulphuric  acid  it 
will  decompofe  and  precipitate  the  falts  of 
barytes,  and  flrontian,  and  fif  in  quantity)  thofe 
of  lime.  The  fulphuric  acid  muff  therefore 
be  previoufly  feparated  by  a folution  of  barytes. 
It  may  be  here  remarked  that  the  delicacy  of 
this  tefl  is  fo  great  as  to  detedl  fulphuric  acid 
in  the  mofl  minute  quantity ; and  as  moft  of 
the  common  pruffic  folutions  contain  this  acid, 
a precipitate  is  generally  formed  when  a barytic 
folution  is  added,  which  was  erroneoufly  fup- 
pofed  to  arife  from  the  union  of  pruffic  acid 
with  this  earth,  and  this  was  brought  in  con- 
firmation of  the  hypothefis  of  the  meiaUic  nature 
of  barytes.  This  miftake  was  firft  dete£fed  by 
Mr.  Meyer  of  Stettin,  which  is  of  importance, 
as  it  allows  us  to  ufe  barytes  to  feparate  the 
fulphuric  acid  from  the  prufliat,  without  danger 
of  decompofmg  the  prufliat  itfelf,  unlefs  too 
much  be  employed. 


Prufliat  of  potafh  may  be  prepared  in  the 
following  way  : 

Procure  a folution  of  very  pure  carbonat  of 
potafli,  make  it  cauftic  or  nearly  fo,  by  lime 
(in  the  way  mentioned  under  the  article  Potajh) 
put  it  into  a glafs  flafk,  heat  it  nearly  to  boiling, 
and  projedf  ill  it  fome  pruffian  blue  finely 
powdered.  The  blue  colour  will  be  taken 
away  almoft  immediately,  and  turned  to  brown, 
after  which  continue  projefting  more  of  the 
blue,  till  the  portion  lafl  added  no  longer  lofes 
its  colour.  The  lixivium  is  to  be  boiled  for  a 
quarter  of  an  hour,  and  is  then  as  much  faturated 
as  it  can  be  in  this  way,  and  is  to  be  poured  off 
clear  from  the  fediment,  and  the  latter  edulco- 
rated. Then  collecl:  all  the  clear  liquors,  heat 
them  and  add  a little  fulphuric  acid  moderately 
diluted,  and  continue  a moderate  heat  ■ for  fome 
time,  after  w'hich  a copious  precipitate  will  be 
formed  of  pruffian  blue.  Separate  this  by  fil- 
tration, and  affay  a fmall  portion  of  the  liquor 
by  fulphuric  acid,  and  if  any  blue  precipitate 
appears,  add  more  of  the  acid  to  the  whole 
liquor,  which  muff  again  be  heated  for  a time. 
When  by  allaying  a portion  no  more  blue  pre- 
cipitate is  yielded,  evaporate  the  liquor  con- 
fiderably  in  a gentle  heat,  and  fet  it  by  to  cryf- 
tallize.  In  a day  or  two  there  will  be  found 
two  forts  of  cryftals  ; one  of  them  hard,  pointed, 
and  colourlefs,  which  is  fulphat  of  potafli  ; the 
other  foftcr,  yellowifli,  and  generally  cubical, 
which  is  pruffiat  of  potafli.  Pick  out  thefe  cryf- 
tals (more  of  which  may  be  obtained  by  further 
evaporation  of  the  mother  water)  and  redifliive 
them  in  cold  water,  and  add  to  the  folution 
gradually  fome  pure  barytes  diflblved  in  warm 
water,  or  acetited  barytes,  as  long  as  any  preci- 
pitate appears,  and  no  longer.  The  folution 
alfo  fliould  be  fomewhat  dilute,  otherwife  the 
precipitation  will  not  flop  at  the  point  when 
only  the  fulphat  of  barytes  ceafes  to  be 
formed,  but  pruffiat  of  barytes  will  then  be 
produced,  and  being  not  very  foluble,  it  will 
precipitate.  Then  again  evaporate  the  filtered 
folution,  and  the  pruffiat  of  potafli  will  now 
cryftallize  perfedtly  pure,  and  of  a pale  yellow 
colour.  The  purity  of  thefe  cryftals  is  known 
by  their  not  affuming  a blue  colour  when 
fprinkled  with  muriatic  acid.  If  this  teft  fliould 
fail  they  muft  be  again  diffolved,  treated  with 
acid,  and  the  folution  evaporated  as  before.  ° 

Mr.  Henry  gives  a procefs  fomewhat  dif- 
ferent, by  which  through  the  intermede  of 
copper,  the  prufliat  is  ftill  more  effedlually 
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freed  from  fuperfluous  oxyd  of  iron.  It  is,  in 
a few  words,  the  following:  when  the  folution 
of  pruffiat  of  potalh  has  been  thoroughly  puri- 
fied by  fulphuric  acid,  infteadof  evaporating  it 
to  cryftallize,  pour  into  it  a folution  of  fulphat 
of  copper  in  warm  water  as  long  as  a reddifh 
brown  precipitate  appears.  Wafli  this  pruffiat 
of  copper  thoroughly,  and  add  it  by  degrees  to 
a folution  of  pure  potaffi.  The  pruffiic  acid 
then  quits  the  copper  and  unites  with  the  pob- 
affi,  ftill  all  along  carrying  with  it  a confider- 
able  portion  of  iron  with  which  it  finally  cryf- 
tallizes.  Then  teft  the  folution  with  barytes, 
and  evaporate  and  cryftallize  in  the  way  al- 
ready mentioned.  The  fidt  thus  obtained  is  free 
from  fulphuric  acid  and  contains  no  more  oxyd 
of  iron  than  is  abfolutely  necefl'ary  to  its  com- 
pofition,  and  therefore  none  of  the  oxyd  is  unfa- 
turated  but  is  held  in  fuch  firm  union  with 
both  the  pruffic  acid  and  potafti  as  not  to  be 
detached  by  any  fimple  affinity  unlefs  with  the 
affiftance  of  heat. 

Pruffiat  of  potafti  is  a fait  of  a pale  amber 
yellow  colour,  and  eafily  foluble  in  four  or  five 
times  its  weight  of  water.  The  alkali  is  per- 
fe£lly  faturated,  fo  that  it  does  not  alter  vegeta- 
ble colours.  When  the  fait,  either  folid  or  in 
folution,  is  long  heated  or  expofed  to  the  light 
for  fome  time  it  depofits  blue  pruffiat  of  iron, 
and  hence  to  keep  it  for  chemical  purpofes  it 
fliould  be  put  into  an  opake  bottle,  or  in  a dark 
place.  It  is  not  very  eafy  to  explain  precifely 
the  caufe  of  this  change.  Probably  it  is  in  the 
firft  inftance  produced  by  the  diffipation  of  a 
portion  of  the  pruffic  acid  in  the  part  immedi- 
ately expofed  to  light,  which  leaves  the  re- 
mainder of  this  part  in  thofe  proportions  in 
which  the  blue  pruffiat  is  conftituted;  but  as 
the  latter  contains  fcarcely  any  alkali,  it  is  ne- 
ceflary  that  the  correfponding  portion  of  potalh 
fliould  alfo  be  detached  from  the  part  that  has 
loft  fome  of  its  acid  before  the  blue  pruffiat  can 
appear.  What  are  the  affinities  that  produce 
this  effect  ? 

The  pruffic  acid  will  alfo  unite  to  foda  and 
ammonia  by  a fimilar  procefs  to  that  already 
defcribed.  * 

It  is  not  abfolutely  neceffary  in  forming  any 
of  the  pruffiated  alkalies  that  the  alkali  ffiould 
be  in  a cauftic  ftate,  but  it  very  much  affifts 
and  ffiortens  the  operation. 

Prit£iat  of  Lime.  When  pruffian  blue  is 
boiled  with  lime-water  the  fame  difcoloration 
takes  place  as  with  potafti,  and  the  lime  in 
faturating  itfelf  with  the  pruffic  acid  becomes 


of  £v  clear  yellow  colour.  This  liquor  alfo  de- 
pofits blue  pruffiat  by  expofure  to  light.  It  is 
an  ufeful  teft  for  iron  and  copper,  but  on  ac- 
count of  the  lime  it  contains  it  is  decompofed 
partially  by  fulphuric  acid  in  many  forms. 

Pruffiat  of  Barytes.  This  fait  is  formed  in 
the  following  way,  and  has  been  examined  par- 
ticularly by  Mr.  W.  Henry. ^ Make  a folution 
of  pure  barytes  in  boiling  water,  and  add  by 
degrees  pure  pruffian  blue  in  fine  powder  (pre- 
vioufly  waffied  with  hot  water)  till  it  ceafes  to 
be  difcoloured.  Filter  the  folution,  and  after 
ftanding  a few  hours  fmall  yellowifti  cryftals 
will  appear,  which  are  the  pruffiated  barytes. 
From  the  remaining  folution  a further  quantity 
of  cryftals  may  be  obtained  by  evaporation. 
Their  form  appears  to  be  a rhomboidal  paral- 
lelepiped. This  fait  Is  very  fparingly  foluble  In 
water,  4 oz.  of  which  at  65°  diffolve  only  one 
grain,  and  of  boiling  water  5 or  6 grains.  It 
is  totally  foluble  in  dilute  muriatic  and  nitric 
acid,  and  without  decompofition.  When  heated 
to  rednefs  the  pruffic  acid  burns  off,  and  the 
refidue  contains  carbonat  of  barytes.  Sulphuric 
acid,  or  any  fulphat  added  to  the  folution  of 
this  fait  decompofes  it  compleatly,  and  fulphat 
of  barytes  is  precipitated.  It  is  alfo  decompofed 
by  carbonat  of  potafti,  carbonated  barytes  falls 
down,  and  the  folution  contains  pruffiat  of  pot- 
affi in  great  purity.  This  would  be  a ffiort  and 
unexceptionable  way  of  preparing  this  latter 
fait,  but  very  expenfive.  Pruffiat  of  barytes 
may  alfo  be  formed  by  the  double-  decompofi- 
tion of  pruffiat  of  potafti  and  muriated  barytes. 
When  thefe  falts  are  added  together,  if  no  ful- 
phuric acid  in  -^ny  form  be  prefe'nt,  and  the 
folution  rather  dilute,  no  immediate  change  in 
the  tranfparency  takes  place;  but  after  ftanding 
together  for  a few  hours  the  bottom  of  the  vef- 
fel  becomes  covered  with  minute  cryftals, 
Mffiich  are  pruffiated  barytes.  It  is  this  cir- 
cumftance  of  fome  time  being  required  to  caufe 
this  precipitation  that  gives  the  opportunity  of 
purifying  pruffiat  of  potafti  by  barytic  folution 
from  fulphuric  acid,  without  decompofing  the 
pruffiat  of  potaffi,  as  the  fulphat  of  barvtes  falls 
down  immediately.,  but  the  pruffiat  requires  fome 
time,  fo  that  the  addition  of  the  barytes  ffiould 
ceafe  when  the  folution  no  longer  gives  an  im- 
mediate precipitate.  Barytic  w'ater  added  to 
pruffiat  of  lime  decompofes  it  and  cryftals  of 
pruffiated  barytes  gradually  form. 

Prujf.at  of  Strontian.^ 

This  fait  is  prepared  like  the  former  by  digeft- 
Ing  pruffian  blue  with  the  pure  earth.  But  this 
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pnnTiat  does  not  readily  cryftalllze,  and  appears 
to  be  extremely  ibluble  in  water.  It  is  not 
exa£Uy  determined,  whether  muriated  or  ni- 
trated-llrontian  decompofes  piuffiat  of  potafli. 
Pure  barytes  added  to  pruffiated  llrontian, 
caufes  a precipitate  of  pruffiated  barytes,  but  in 
very  fmall  quantity,  lb  that  it  appears  to  decom- 
pofe  it  only  partially,  and  hence  the  affinity  of 
barytes  for  this  acid  is  not  much  ftronger  than 
that  of  ftrontian. 

The  affinities  of  the  pruffic  acid  are  ex- 
tremely difficult  to  be  made  out  on  account  of 
the  peculiar  tendency  which  it  has  to  form 
triple  and  even  quadruple  combinations. 
Among  the  metals,  mercury  appears  to  Hand 
firll  and  iron  next,  and  among  the  earthy  and 
alkaline  bafes  the  order  is  probably  barytes, 
llrontian,  potalh,  and  lime. 

PUDDING  STONE. 

This  term,  invented  by  the  Englilh  lapidaries, 
is  applied  by  them  to  delignate  one  particular 
mineral  aggregate,  confifting  of  oblong  and 
rounded  pebbles  of  flint,  about  the  lize  of  al- 
monds, imbedded  in  a hard  liliceous  cement : 
the  pebbles  are  ufually  black,  and  the  cement 
is  a light  yellowilh  brown.  It  is  capable  of 
receiving  a very  high  polifh,  and  ufed  to  be 
much  employed  in  inlaying  and  other  orna- 
mental works.  It  is  chiefly  procured  from  the 
county  of  Eflex.  Many  of  the  French  mine- 
ralogills  have  naturalized  this  term  (Poudingue) 
and  have  applied  it  to  all  rounded  ftones  im- 
bedded in  a cement,  fo  as  to  make  it  nearly 
fynonimous  with  the  Gzxm7s:A.Agglomerat^  and 
the  Engliffi  Ruhhle-Jlone. 

PUMICE.  Bimflein,  Wern.  Pierre  Ponce, 

Brxh. 

The  colour  of  this  mineral  is  greyilli  white, 
bluifli  or  yellowiffi  grey,  greyilh  black  and  red- 
difli  brown.  It  occurs  in  mafs  and  diflemin- 
ated,  being  always  more  or  lefs  cellular  or  ca- 
rious. It  is  gliftening,  fometimes  even  ffiining, 
with  a filky  luflre.  Its  fra£lure  is  fibrous.  Its 
fragments  are  indeterminate  moderately  ffiarp 
edged.  It  is  opake,  fometimes  a little  tranflu- 
cent  on  the  edges.  It  is  foft,  that  is,  is  readily 
fcratched  or  pulverized,  but  Its  particles  when 
in  powder  have  a confiderable  hardnefs.  It  is 
brittle  and  very  meagre  to  the  touch.  Sp.  gr. 
0.91. 

It  is  fufible  without  addition  before  the  blow 
pipe  into  a white  enamel.  It  is  compofed  ac- 
cording to  Klaproth  of 


77.5  Silex 

17.5  Alumine 
1.75  Oxyd  of  Iron 

96.75 
3.25  lofs 


100. 

It  is  generally  looked  upon  as  a volcanic 
produdl.  It  is  wrought  in  confiderable  quarries 
in  the  Lipari  iflands,  which  are  aimoft  ennrely 
compofed  of  this  mineral.  It  alfo  occurs  in 
Sicily  and  Iceland. 

Pumice  Hone  is  ex^enfively  ufed  for  grinding 
down  metals,  glafs,  ivory,  &c.  previous  to  po- 
llfliing;  it  is  alfo  employed  for  fmoothing  lea- 
ther, and  other  fimilar  purpofes. 

PUTREFACTION. 

Putrefa£lion  is  that  fpontaneous  procefs  of 
decompofition  which  takes  place  in  all  the  foft 
parts  of  animals,  and  fome  vegetables  under 
proper  circumftances  of  temperature  and  moif- 
ture,  by  which  they  are  finally  diforganized, 
and  are  chiefly  refolved,  when  with  accefs  of 
air,  into  a variety  of  gafeous  and  volatile  com- 
pounds, which  mingle  with  the  atmofphere. 

The  fubje£l  of  putrefa£lion  is  ftill  very  ob- 
fcure,  that  is  to  fay,  though  we  know  the  circum- 
ftances required  for  it,  and  many  of  the  pro- 
duces, we  are  very  far  from  polTeffing  exacft 
ideas  concerning  the  mode  in  which  the  confti- 
tuent  parts  of  the  animal  body  break  up  their 
former  combinations,  and  form  new  ones  alto- 
gether different. 

Putrefacftion  is  naturally  a very  flow  procefs, 
and  the  infuperable  difguft  and  loathing  attend- 
ing it  feem  to  forbid  a very  minute  enquiry  into 
this  Important  phenomenon  of  nature. 

We  ffiall  only  mention  a few  of  the  facEls 
known  concerning  it.  The  circumftances  re- 
quifite  to  the  putrefacflion  of  animal  matter, 
are  a temperature  from  about  40°  to  the  highell 
natural  heat,  and  a conftant  moifture  in  ihe 
fubftance  putrefying.  The  operation  of  a freez- 
ing temperature  in  ftopping  putrefacSlion  is 
well  known,  by  the  conftant  cuftom  in  cold 
countries  of  bringing  vicftua is  frozen  to  market. 
In  which  ftate  they  will  keep  for  any  length  of 
time  without  any  other  preparation  ; by  bodies 
of  men  or  other  animals  remaining  unaltered 
under  ice  for  many  weeks,  and  the  like.  On 
the  other  hand,  a fcorching  heat  alfo  prevents 
putrefa£lion,  which  it  does  however,  appa- 
rently, Amply  by  expelling  the  moifture  which 
is  eflential  to  the  procefs,  for  by  any  inferior 
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degree  of  heat  putrefa£lion  is  much  promoted. 
For  the  fame  rcafon  alfo  fubftances  putrefy 
much  more  flowly  when  expofed  to  a drying 
wind,  than  in  a fheltered  place. 

The  obvious  phenomena  of  putrefaflion  are 
the  following,  in  any  animal  matter  kept  at  a 
pretty  uniform  temperature,  in  a place  not 
much  expofed  to  currents  of  air,  the  fubftance 
firft  becomes  foft  and  flabby,  or  if  it  is  already 
foft,  as  in  the  cafe  of  the  coagulum  of  blood, 
it  refolves  iti'elf  into  a dark  fluid,  the  colour 
then  changes  to  green  or  brown,  and  an  un- 
pleafant  fmell  begins  to  iflue  from  it.  As  the 
procefs  advances  the  foft  parts  then  melt  down 
into  a putrid  pulpy  mafs,  and  the  fluids  become 
turbid,  and  the  effluvia  become  excefflvely 
loathfome  and  fickening,  and  after  a time,  the 
parts  fwcll  and  become  puffy,  and  difengage 
the  putrid  gas  in  a flow  but  fenfible  efferve- 
fcence.  A foul  and  brown  ferum  then  fweats 
out  from  the  pulpy  mafs,  and  about  this  time 
the  effluvium  is  very  fenfibly  ammoniacal  as  is 
apparent  from  its  effedfs  on  the  eyes  and  throat, 
and  by  forming  a white  vapour  with  muriatic 
acid  gas.  Things  continue  nearly  in  this  ftate 
for  a ccnfiderable  time,  during  which  a large 
part  of  the  putrid  fubftance  is  evaporated,  and 
carried  off  in  the  putrid  gas  and  difperfed  in 
the  atmofphere,  after  which  the  extreme  foetor 
fubfides,  and  finally  the  procefs  of  putrefaction 
ceafes,  and  leaves  a kind  of  fat  feetid  earthy 
matter. 

Such  is  the  regular  procefs  of  putrefa£fion, 
as  far  as  relates  to  the  external  circumftances, 
and  obvious  phenomena,  but  it  may  be  ob- 
ferved,  that  fome  parts  putrefy  much  more  rea- 
dily than  others,  and  fome  fcarcely  at  all. 
Perhaps  the  moft  putrefeent  fubftance  that  we 
know  is  the  blood,  which  property  it  ov'^es 
partly  to  its  fluidity  and  partly  to  the  large 
quantity  of  fibrin  and  uncondenfed  albumen, 
which  it  contains,  and  efpecially  to  the  former. 
Animal  parts  alfo  feem  to  be  (ceteris  paribus) 
more  putrefeent  in  proportion  to  the  number 
of  conftituent  parts  which  they  contain.  The 
fubftances  abfolutely  or  nearly  imputrefcible, 
are  bone  and  condenfed  albumen,  the  latter  fuch 
as  it  exifts  in  cuticle,  nail,  hair,  &c.  which 
long  remain  unaltered  in  the  midft  of  putrefy- 
ing fubftances.  Animal  oil  alfo  putrefies  with 
great  difficulty,  and  hence  the  people  that  live 
in  the  moft  northern  parts  of  America,  the  Ef- 
kimaux  and  others,  preferve  fifh  and  meat  to  a 
certain  degree  from  putrefaftion  by  immerfion 
in  fifh  oil. 

The  gaffes  certainly  known  to  be  produced 


by  putrefaefHon  are  carbonic  acid,  carburetted 
hydrogen,  fulphuretted  and  phofpnretted  hy- 
drogen, and  ammonia,  but  either  thefe  or  fome 
of  thefe  muft  be  confiderably  changed  by  the 
folution  of  the  animal  matter,  or  fome  com- 
pound not  yet  examined  muft  be  produced  in 
that  ftate  of  putrefaction  where  the  gas  evolved 
occafions  fuch  dreadful  effe£ts  upon  thofe  that 
unfortunately  fall  in  the  way  of  it,  even  when 
diluted  confiderably  with  common  air.  This 
is  faid  to  be  the  cafe  when  the  abdomen  of  a 
large  animal  is  firft  burft  after  fome  days,  or 
perhaps  weeks  of  putreftecHon  *,  the  gas  from 
which  eaufes  inftant  fainting,  and  fometimes 
death,  and  even  when  the  perfon  expofed  to  it 
recovers  the  firft  ftiock,  it  leaves  excefflve  debi- 
lity and  other  alarming  fymptoms  for  a confi- 
derable  time.  The  moft  deleterious  gas  that 
wc  know  is,  perhaps,  carburetted  hydrogen, 
but  the  effe£l:s  of  this  as  obtained  by  chemical 
means,  are  far  fhort  of  thofe  above  mentioned, 
when  equally  diluted. 

The  generation  of  ammonia  has  been  fatis- 
facSlorily  accounted  for  fince  the  difeovery  of 
the  conftituent  parts  of  the  volatile  alkali,  by 
the  new  combination  formed  between  the  azot 
of  the  animal  matter,  and  the  hydrogen,  of 
which  latter  there  are  many  fources,  and  parti- 
cularly that  of  the  decompofition  of  water.  As 
ammonia  is  always  produced  during  putrefac- 
tion, it  feems  rational  to  fuppofe  that  one  im- 
portant purpofe  of  the  moifture  neceffary  to  the 
procefs  is  to  afford,  by  its  decompofition,  the 
hydrogen  of  the  volatile  alkali. 

The  circumftances  which  tend  to  the  gene- 
ration of  the  nitrous  acid,  (which  is  an  un- 
doubted product,  of  putrefa61ion)  have  been 
mentioned  under  the  article  Nitrat  of  Potajh^. 
but  many  more  experiments  m.uit  be  made,  and 
faffs  oblerved,  before  we  can  explain,  why  in 
certain  cafes  the  azot  tends  to  unite  with  oxy- 
gen to  form  this  acid,  and  in  others  with  hy- 
drogen to  form  ammonia. 

That  peculiar  change  which  takes  place  in 
animal  flefh,  whereby  it  is  converted  into  a 
fpermaceti-like  fubftance  inftead  of  undergoing 
the  ufual  mode  of  putrid  decompofition,  has 
been  mentioned  under  the  article  Adipocre. 
PUTTY. 

True  putty  is  made  by  calcining  an  alloy  of 
equal  parts  of  tin  and  lead  : a white  powder  is 
thus  produced  that  is  the  bafe  of  moft  of  the 
opake  enamels,  and  is  alfo  ufed  in  the  polifliing 
of  metals,  ftones,  and  glafs. 

The  glaziers’  putty,  ufed  by  them  for  faften- 
ing  panes  of  glafs  into  faflies,  was  perhaps  ori- 
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j^inally  compofed  of  true  putty  and  oil;  but  at 
prefcnt  it  is  nothing  but  vvaflied  chalk  or  whit- 
ing mixed  up  with  linfeed  oil ; a fort  of  duftile 
pailc  is  thus  produced  which  becomes  hard  after 
a few  days  expofure  to  the  air. 

PUZZOLANA. 

Puzzolana  appears  to  be  nothing  elfe  than 
volcanic  aflies  more  or  lefs  compacled  together. 

, It  occurs  either  white,  red,  or  black,  has  a 
dull  earthy  frafture,  and  is  eafdy  frangible.  It 
abounds  in  the  vicinity  of  Vefuvius.  The  red 
variety  is  the  proper  puzzolana,  the  black  and 
the  white  are  called  in  Italy  lapillo  or  rapillo. 
The  aflies  which  overwhelmed  Pompeia  now 
form  a vaft  bed  of  white  puzzolana.  It  is  em- 
ployed in  calcareous  cements  to  which  it  gives 
the  property  of  hardening  under  water. 
PYRITES. 

A name  firfl;  given  by  the  ancient  naturalifls 
to  the  native  fulphuret  of  iron,  becaufe  when 
ftruck  agaiiift  a piece  of  fteel  or  other  hard 
body,  it  gives  out  fparks  of  fire,  and  becaufe 
when  heated  red  hot  the  fulphur  that  it  contains 
burns  with  a lambent  blue  flame.  Modern 
mineralogifts  diftinguifli  three  fpecies  of  pyrites, 
namely,  the  ferruginous,  the  cupreous,  and  the 
arfenical,  of  which  the  firfl:  is  fulphuret  of  iron, 
the  fecond  fulphuret  of  copper,  and  the  third  is 
a compound  of  iron  pyrites  and  arfenic.  All 
thefc  fubftances  have  a general  fimilarity  in 
their  external  appearance:  their  colour  varies 
from  yellowifli  white  to  gold  yellow,  and  they 
have  all  a high  metallic  luftre.  For  further 
particulars  fee  the  ores  of  Arsenic,  Copper, 
and  Iron. 


PYROLIGNEOUS  ACID 
PYROMUCOUS  ACID 
PYROTAR’PAREOUS 
ACID  j 


See 

Acetous  acid, 
Empyreumatic . 


PYROMETER.  {WeJgewooEs.) 

"^riie  range  of  the  common  mercurial  ther- 
mometer extends  no  higher  than  the  boiling 
point  of  this  metal  (that  is  about  600°)  and 
even  this  is  a very  inaccurate  meafuve  of  heat 
in  its  higher  part  on  account  of  the  very  un- 
equal expanfion  of  mercury  as  it  approaches 
boiling.  But  this  point  falls  fliort  of  that  of 
the  loweft  vifible  red-heat,  and  from  this  to  the 
highefl;  temperature  that  furnaces  will  produce, 
a vail  range  of  heat  is  included,  for  which 
no  tolerably  accurate  method  of  meafurement 
exiited  till  the  year  1782,'’  when  the  late  Mr. 
Wedgewood  invented  his  pyrometer.  Previous 
tj  tills  time  chemifts  were  in  the  habit  of  ufino: 


very-  vague  terms  to  exprefs  the  heat  employed 
in  their  operations,  fuch  as  red  heat,  full-red 
heat,  white  heat,  &c.  and  the  means  ufed  for 
mcafuring  it  were  too  inaccurate  for  the  expe- 
rimental chemift,  though  fufficient  for  the  ma- 
nufadlurer  when  aided  by  daily  experience. 
Thefe  were  generally  the  degree  of  fufibility 
fhewn  by  refra£lory  earthy  mixtures,  the  length 
of  time  which  the  crucible  could  endure  the 
heat  employed,  the  redu£Hon  of  metallic  oxyds 
and  the  like.  Another  method  which  is  adlu- 
ally  employed  in  the  potteries,  and  anfwers  fuf- 
ficiently  well,  is  the  fhade  of  colour  produced 
by  the  heat  on  a ring  of  clay  worked  up  with  a 
little  oxyd  of  iron.  This  is  a light  brown,  or 
flefh  colour  in  the  lower  red  heats,  but  gradually 
darkens  to.  a deep  chocolate,  or  almoft  to  black- 
nefs  as  the  fire  reaches  its  utmofl:  intenfity. 
This  mode  however  can  hardly  be  applicable  as 
a general  ftandard  of  comparifon,  as  the  fliades 
of  colour  are  not  very  definable,  and  not  readily 
deferibed,  befides  other  obje6Uons  which  might 
be  raifed. 

Mr.  Wedgewood,  therefore,  on  examining 
this  fubjedl,  which  his  bufinefs  as  a potter  ren- 
dered peculiarly  interefting,  found  a new  and 
much  more  accurate  meafure  of  temperature  in 
the  gradual,  and  on  the  whole  pretty  uni- 
form contraction,  which  clay  undergoes  In  all 
heats  from  the  fainteft  red  to  the  mc4l  intenfe 
which  can  be  produced.  From  examining 
with  minute  attention  the  habitudes  of  clay 
with  water  and  fire,  and  from  the  event  of 
many  experiments  Mr.  W.  gives  the  following 
as  the  general  refult  of  his  obfervatlons. 

When  a folid  lump  of  pure  natural  clay, 
(fuch  as  the  finefl;  Devonfliire  kindj  is  well 
kneaded  with  water,  and  expofed  very  gradually 
to  an  increafing  heat,  the  firft  change  that  takes 
place  is  the  flirinking  produced  by  the  Ample 
evaporation  of  water.  Y'he  purer  the  clay  is 
the  more  water  it  takes  to  foften  It,  and  there- 
fore the  more  it  diminilhes  in  bulk  by  the  lofs 
of  moifture.  The  clay  dries  at  a heat  below 
rednefs,  and  preferves  its  bulk  unvaried  up  to 
the  approach  of  ignition.  At  this  period  it  en- 
larges a little,  owing  probably  to  the  efcape  of 
air  with  which  it  has  been  combined. 

When  this  air  has  made  its  efcape,  the  clay 
begins  to  flirink  and  returns  to  precifcly  the 
fame  dimenfions  winch  it  had  before,  when 
thoroughly  dry.  When  thus  prepared  and 
brought  to  this  point,  it  is  fit  to  be  ufed  for  tbe 
pyrometer,  and  forms  the  beginning  or  lowelt 
point  of  the  fcale,  which  as  aboye-mentioned  is 


• Phil.  Trinf.  for  1782,  4,  and  6. 
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the  low  eft  heat  of  ignition^  or  that  in  whicli  a 
body  is  juft  perceptibly  red-hot  in  the  day  time. 
From  this  point  it  (brinks  gradually  and  pretty 
uniformly  in  proportion  as  the  heat  is  increafed, 
till  it  reaches  its  utmoft  degree  of  contraction, 
(which  varies  according  to  the  nature  of  the 
clay,)  thus  forming  a range  which  may  be  ufed 
for  thermometric  purpofes.  In  the  pureft  na- 
tural clays  it  reaches  nearly  to  the  higheft  arti- 
ficial heat  procurable  in  furnaces,  but  in  other 
clays,  though  to  the  eye  equally  pure,  the  con- 
traction (tops  very  (hort  of  this,  and  then  a 
Jecond  eKpatifijn  takes  place. 

At  this  time  it  is  intenfely  hard,  and  has  a 
texture  approaching  to  the  vitreous,  (b  that  the 
fecond  enlargement  appears  to  depend  in  part 
perhaps,  on  a further  difengagement  of  gas, 
but  chiefly  probably  on  an  alteration  in  its  tex- 
ture. During  the  firft  part  of  the  pyrometric 
fcale,  (that  is  from  low  rednefs  upwards)  the 
clay  continues  bibulous  and  fticks  to  the 
tongue.  This  ceafes  however  fome  time  before 
the  fecond  expanfion  comes  on,  whence  Mr. 
Wedgewood  conjeCfures,  that  the  porcellnmus 
ftate  (which  is  intermediate  between  the  earthy 
and  the  vitreous)  comes  on  when  the  clay 
ceafes  to  be  bibulous,  and.  remains  till  the  vi- 
treous expanfion  begins.  It  may  be  obferved, 
as  before  mentioned  under  the  article  Alumine, 
that  the  (hrinking  which  takes  place  after  igni- 
tion cannot  be  attributed  to  the  evaporation  of 
water  or  any  othe/  fubftance,  for  the  lofs  of 
weight  is  much  too  fmall  to  allow  of  this  ex- 
planation. The  entire  contradiion,  from  igni- 
tion to  the  higheft  procurable  furnace- heat,  is 
full  one-fourth  of  the  bulk  of  the  clay  in  every 
dimenfion,  when  it  remains  unvitrified  at  fo 
high  a temperature;  but  the  lofs  of  weight 
from  ignition  to  the  heat  that  melts  coppr-r, 
which  is  about  a fixth  of  the  entire  contra<ftion, 
is  only  2 per  cent,  of  the  weight  of  the  clay, 
and  above  this  latter  point  no  lofs  is  perceptible 
by  the  balance. 

It  has  been  mentioned  above  that  famples  of 
clay  though  apparently  equally  pure  and  white, 
and  even  taken  from  the  fame  bed,  though  fu’f- 
ficiently  fimilar  for  moft  purpofes  of  manufac- 
ture, do  not  undergo  the  fame  degree  of  (hrink- 
ing in  the  fire ; for  fome  continue  to  contradh 
at  every  procurable  intenfity,  whereas  others, 
above  a certain  point,  again  expand  and  alTume 
a vitreous  texture.  Neither  do  the  JirJl  ex- 
panfions,  which  take  place  juft  at  ignition,  fuf- 
ficiently  correfpond.  This  circumftance  caufed 
a good  deal  of  embarrafl'ment  to  the  inventor,  as 
after  the  firft  fample  of  pyrometer  clay  was 
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exhaufted,  (which  happened  to  be  of  the  kind 
the  moft  refradhory  in  the  fire)  he  could  not  be 
certain  of  obtaining  another  mafs  which  would 
correfpond  with  the  former  in  contradkion. 
This  led  him  to  examine  the  contradkion  of 
pure  alumine  precipitated  from  alum  by  an  al- 
kali (that  is  to  fay,  as  pure  as  it  is  ufually  ob- 
tained without  extreme  precaution  and  great 
expence,,  and  therefore  (kill  retaining  both  ful- 
phuric  acid  and  pota(h)  and  he  found  that  it 
continued  to  contradk,  and  even  remained  bi- 
bulous fo  as  hardly  to  become  porcellanous,  by 
the  higheft  heat  of  a furnace.  This  prepared 
alumine  when  mixed  in  certain  proportions 
with  the  natural  clays  alfo  rendered  them  fuffi- 
ciently  unalterable  in  texture  in  the  fire,  and 
brought  their  contradkions  to  correfpond  with 
thofe  of  the  pyrometer-pieces  already  made. 
The  alumine  is  prepared  by  precipitating  a fo- 
lution  of  alum  with  good  pearlafh,  and  wafhing 
it  repeatedly  with  large  quantities  of  boiling 
water.  The  precipitated  earth  when  it  is  fome- 
what  condenfed  by  fettling,  is  to  be  ufed  in  that 
gelatinous  ftate  undried,  as  it  then  mixes  much 
more  eafily  with  the  natural  clay.  Mr.  W. 
found  that  a mafs  of  ten  hundred  weight  of  the 
fecond  clay  which  he  employed  required  all  the 
earth  of  five  hundred  weight  of  alum  to  bring 
It  to  the  fame  ftate  with  the  pyrometer-pieces 
already  made.  This  prepared  'alumine  is  much 
more  tenacious  of  water  than  common  clay,  fo 
that  the  mixture  requires  a more  careful  drying 
and  at  a higher  temperature,  before  the  fize  of 
the  pieces  is  adjufted,  and  this  (hould  be  done 
immediately  after  giving  them  a boiling-water 
heat,  as  they  again  abforb  fome  moifture  from 
the  air  (owing  doubtlefs  to  the  potafh  con- 
tained in  the  alumine)  which  would  make  the 
difference  of  two  or  three  degrees  of  the  fcale, 
if  the  adjuftment  was  delayed  till  that  time. 

The  pyrometer  is  adkually  made  in  the  fol- 
lowing manner.  It  confifts  of  two  parts,  the 
clay-pieces  and  the  brafs  gage.  Each  clay-piece 
is  a fe£kion  of  a cylinder  of  clay  about  the 
thicknefs  of  the  little  finger,  and  the  length 
about  equal  to  the  diameter.  One  fide  is  a 
little  flattened,  that  it  may  Aide  more  accuratelv 
along  the  gage.  This  latter  confifts  of  a long 
canal  formed  by  two  perfeoUy  (kraight  bars  of 
brafs  fixed  on  a plate  of  the  fame  metal  in  a 
converging  dire£kion,  and  graduated  into  240 
equal  parts,  beginning  at  the  wideft  extremity. 
The  width  of  the  canal  at  one  end  is  to  that  at 
the  other  in  the  proportion  of  5 to  3.  The 
gage  to  be  more  portable,  is  cut  in  halves, 
which  are  placed  fide  by  fide  on  the  fame  plate. 
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The  clay  pieces  are  previoufly  baked  juft 
to  ignition,  or  to  a red-heat  barely  vifible  in 
the  day-time,  and  when  applied  to  the  gage 
they  juft  reach  the  o.  of  the  fcale.  Every  in- 
creafe  of  heat  contrafts  the  piece,  which  there- 
fore can  be  Aid  further  into  the  gage.  The 
clay  pieces  will  bear  the  moft  fudden  heating 
and  cooling  without  in  the  lead  cracking  or 
fplitting,  and  indeed  their  fize  is  fuch  that  in 
two  or  three  minutes  that  they  have  undergone 
the  utmoll  effe£l  of  any  particular  degree  of  fire, 
fo  that  no  long  contiiniance  of  the  fame  heat  is 
necefl'ary.  To  employ  this  pyrometer  one  of 
the  pieces  muft  be  put  in  or  contiguous  to  the 
part  where  the  heat  is  to  be  afeertained,  in- 
clofed  if  necefl'ary  in  a very  fmall  crucible.  If 
thrown  on  burning  coals  in  a high  heat  it  be- 
comes fomewhat  rough  on  the  outfide  and 
firmly  covered  with  a kind  of  black  enamel, 
which  poflibly  may  render  it  lefs  accurate.  It 
fhould  alfo  be  kept  from  the  immediate  a£lion 
of  any  faline  or  other  fluxes  which  would  cor- 
rode its  furface  and  impair  its  accuracy,  but  in 
other  refpefts  it  requires  but  little  precau- 
tion. It  is  a peculiar  property,  and  generally 
an  advantage,  of  this  pyrometer,  that  each  clay- 
piece  tells  only  the  extremeft  heat  to  which  it 
has  ever  been  expofed,  and  never  returns  to 
any  inferior  point  of  the  fcale  like  all  other 
thermometers,  fo  that  it  may  be  gaged  at  any 
diftance  of  time  from  the  experiment.  Even  if 
the  piece  is  broken  or  injured,  if  the  compleat 
ring  of  the  cylinder  remains,  of  whatever 
breadth,  it  forms  as  accurate  a meafure  as 
when  entire. 

The  degrees  of  this  pyrometer  only  begin  at 
a confiderably  greater  heat  than  the  termination 
of  the  mercurial  thermometer,  and  hence  in 
order  to  render  them  at  all  comparable,  it  be- 
came necefl'ary  to  conneft  the  two  by  fome 
intermediate  fcale.  This  Mr.  Wedgewood  ef- 
fefted  by  comparing  the  expanfion  of  a filver 
gage  in  the  intermediate  decrees  ; and  by  expe- 
riments, which  it  is  not  necelfary  here  to  detail, 
he  was  able  to  conne£l  the  two  fcales  in  a tole- 
rably fatisfa£tory  way;  though  the  heats  are  fo 
remote  that  very  little  advantage  can  ever  be 
derived  from  this  method.  Mr.  W.  found  that 
the  mercurial  range  of  temperature  was  fo 
fmall  compared  with  the  pyrometrical,  that  a 
Angle  degree  of  the  clay  pyrometer  was  equiva- 
lent to  130  degrees  of  Fahrenheit,  and  the  o. 
of  the  pyrometer,  which  is  a low  red  heat,  he 
found  to  fall  at  about  1077°  Fahr.  fuppofing 
the  mercurial  fcale  could  be  continued  fo  high, 
and  with  an  uniform  expaiflion  of  the  mercury. 


Mr.  W.  has  extended  the  fcale  of  his  pyrome- 
ter to  240  degrees;  this  is  entirely  arbitrary, 
but  it  probably  is  more  than  amply  fufficient  to 
include  all  poflible  produ£Hon  of  heat,  fmee 
the  greateft  intenfity  of  furnaces  has  not  been 
found  to  exceed  about  180  of  this  fcale.  Thefc 
240  degrees  are  eftimated  from  the  above  data 
to  be  equivalent  to  31200  degrees  of  the  mer- 
curial thermometer,  and  as  the  o.  of  the  former 
is  equal  to  1077°  Fahr.  the  extreme  qf  the  py- 
rometer fcale  would  correfpond  with  32277* 
Fahr.  could  this  be  continued  as  high.  Hence 
too  the  whole  diftance  between  freezing  and 
boiling  water,  or  from  32°  to  212°  Fahr.  is 
equivalent  to  no  more  than  about  half  a degree 
of  the  pyrometer. 

We  ihall  now  give  the  pyrometrical  corref- 
pondences  with  fome  of  the  moft  eafily  ob— 
ferved  ftages  of  the  higher  heats  as  obferved  by 
the  inventor  and  others. 

Red  heat  fully  vifible  in  day-light  o 
Enamelling  heat  for  pottery  6 

Brafs  melts  at  21 

Swedifli  copper  melts  at  27 

Fine  filver  melts  at  28 

Fine  gold  melts  at  32 

Vitrefying  (or  higheft)  heat  of  a 
plate-glafs  furnace  124 

Working  heat  of  ditto  57 

Welding  heat  of  iron  120  to  132 
Greateft  heat  of  aconyuon  fmith’s 
forge  125 

Caft  iron  melts  at  130 

Bafalt  melts  at  ico 

Antient  Etrufean  ware  begins  to 
contra£f  (and  therefore  was 
baked)  at  from  30  to  20 

Ditto  compleatly  melts  at  36 

Delft  ware  baked  at  40 

Queen’s  pottery  ware  baked  at  86 
Stone  ware  baked  at  102 

Worcefter  china  vitrefied  at  04 
Derby  ditto  ditto  at  112 

Chinefe  porcelain  only  foftens  at  120 
Ditto  finks  down  into  femi-fufion 
at  156 

True  ftone  Nankeen  does  not  in 
the  leaft  alter  at  156 

Pyrometer  pieces  alTume  a porcel- 
lanous  texture  at  iio 

Greateft  heat  of  the  beft  con- 
ftruiffed  air  furnace  probably 
does  not  exceed  about  180 

It  remains  to  mention  fome  uncertainties 
that  ftill  attend  the  ufe  of  this  inftrument,  and 
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the  diniculty  in  acljufllng  a fumciently  accurate 
ftanclard  of  cornparifon. 

The  inventor  obferves  that  a correfponding 
pyrometer  may  always  be  conftrufted  by  mak- 
ing for  a gage  a converging  canal  with  the 
widths  at  the  two  ends  in  the  proportion  of  5 
to  3,  with  the  lides  perfe£Uy  ftraight,  and  di- 
vided into  240  equal  parts — and  by  procuring 
natural  or  artificial  clay,  pieces  of  which  will 
juft  enter  the  gage  at  a low  red-heat,  will  go 
to  27°  by  the  heat  at  which  copper  melts,  to 
about  90°  by  the  welding  heat  of  iron,  and 
about  160  by  the  greateft  heat  of  an  air  fur- 
nace, the  clay  pieces  all  the  while  remaining 
perfeftly  refractory. 

But  the  great  difficulty  which  the  inventor 
himfelf  feems  to  have  had  in  preparing  a fe- 
cond  parcel  of  clay  fimilar  in  thefe  refpects  to 
that  already  employed  is  of  itfclf  fufficiently 
difeouraging,  nor  are  the  points  which  he  gives 
for  the  conftru£tion  of  the  fcale  at  all  compar- 
able in  accuracy  with  thofe  by  which  the  com- 
mon thermometers  are  graduated.  The  heat 
of  boiling  water  and  of  melting  ice  are  fixed 
points  in  which  (with  a few  fimple  precautions) 
every  one  would  agree,  but  it  is  not  fo  with  a 
red  heat  barely  vifible  in-  day-light,  and  ftill 
lefs  with  the  utmoft  power  of  a wind-furnace 
of  given  dimenfions.  Even  the  fufing  point  of 
copper  is  liable  to  fome  variations  according  to 
the  purity  of  the  metal,  and  that  of  caft-iron  is 
ftill  more  variable  ftn  this  account,  fo  that 
though  we  may  confider  Mr.  Wedgewood’s 
fcale  as  affording  very  ufeful  approximations  to 
the  expreffions  of  comparative  heats,  it  does  not 
approach  the  accuracy  of  the  mercurial  ther- 
mometer. Neither  have,  we  any  means  of 
afeertaining  in  the  higher  heats  whether  the 
contradlion  of  clay  is  at  all  equable,  that  is, 
whether  equal  numbers  on  the  pyrometrical 
fcale  expreis  equal  increments  of  heat,  as  they 
do  pretty  accurately  with  the  mercurial  ther- 
mometer. 

The  analyfis  of  Mr.  Wedgewood’s  pyrometer 
pieces  as  conduefed  by  Scherer,^  fiiews  them  to 
be  made  of  a very  pure  natural  clay  compofed 
of  about  54  per  cent,  of  alumine,  and  44  of 
filex,  with  hardly  a trace  of  any  other  ingredient. 
As  the  Devonfliire  clays  contain  a much  lefs 
proportion  of  alumine  than  is  here  given,  the 
above  pieces  were  doubtlefs  made,  as  indicated 
by  Mr.  Wedgewood,  by  adding  to  the  natural 
clay  a confiderable  portion  of  precipitated 
alumine. 

But  on  the  other  hand,  Gazerau*’  in  his  ex- 
• An.  Chim.  tom.  xxxi.  p.  IJZ.  * Ditto,  tot 


penments  on  this  fubjeef  found  the  beft  imita- 
tion of  the  Wedgewood  pieces  to  be  prot^uced 
by  a clay  in  which  the  alumine  was  to  the  filex 
as  34  to  43,  and  pieces  made  of  this  material 
correfponded  very  clofely  with  the  original 
Wedgewood  pieces  at  the  heat  of  160®,  and 
fiiewed  no  fign  of  vitrification  at  this  high 
temperature. 

This  fubje£l;  therefore,  which  is  highly  in- 
terefting  to  the  chemift  and  manufa£turer, 
requires  further  experiments. 

PYROPE.  See  Garnet. 
PYROPHORUS,  Homberg’s. 

This  preparation  was  firft  difeovered  by  the, 
chemift  whole  name  it  bears,  as  the  refidue  of 
the  diftillation  of  fecal  matter  with  alum  and 
vitriol.  Improvements  with  refpe£l  to  the 
cleanlinefs  of  the  procefs  were  foon  introduced, 
and  the  following  is  now  the  common  mode  of 
preparing  this  fubftance.^  Take  three  parts  of 
Roman  alum  in  powder,  and  one  part  of  coarfe 
brown  fugar,  mix  them  together  and  heat  the 
mafs  over  a common  fire  in  an  iron  ladle  or  a 
fliovel.  By  the  firft  impreffion  of  the  heat  both 
the  alum  and  fugar  melt  and  mix  intimately 
with  each  other;  after  a little  time  when  moll 
of  the  water  is  evaporated,  the  refidue  begins  to 
foam  and  fweli  confiderably,  and  to  give  out  a 
pungent  empyreumatic  acid:  it  mull  now  be 
ftirred  conilantly  with  an  iron  fpatula,  taking 
care  to  detach  it  from  the  ladle  in  proportion  as 
it  dries,  and  to  heat  every  part  as  uniformly  as 
poffible:  when  tlie  Jaft  remains  of  clamminefs 
are  deftroyed,  and  the  fpungy  black  matter  that 
is  left  is  quite  friable,  it  mull  be  transferred 
while  hot  into  a mortar,  and  haftily  reduced  to 
a fomewhat  coarle  powder.  As  loon  as  it  is 
pulverized,  a green  glafs  vial  of  the  capacity  of 
about  fix  ounces,  (previoufly  luted  on  ihe  infide 
by  rinfing  it  out  with  a weak  folution  cf  borax 
thickened  with  pipe  clay  to  the  confiftence  of 
cream)  is  to  be  nearly  filled  with  it  and  then 
fet  up  to  the  neck  in  a crucible  filled  with  fand, 
its  mouth  being  loofely  Hopped  with  a piece  of 
charcoal.  The  crucible  is  now  to  be  placed  in 
a furnace,  or  even  in  an  open  fire,  and  railed 
gradually  to  a moderate  red-heat.,^  At  firft  a 
denfe  white  vapour  will  ill'ue  from  the  vial  for 
nearly  a quarter  pf  an  hour,  and  will  then  be 
fucceeded  by  an  inflammable  gas,  burning  with 
a liglit  blue  flame:  as  foon  as  this  makes  its 
appearance,  the  heat  is  to  be  kept  up  at  an 
uniform  temperature  for  about  20  minutes 
longer,  after  which,  the  crucible  with  its  con- 
tents being  removed  from  the  fire,  and  the 

. x.xxvi.  a Beautne  CHim.  exper.  L p.  338. 
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mouth  of  the  vial  being  clofed  with  a plug  of 
paperj  it  is  to  be  quickly  cooled  till  the  vial  can 
be  fafely  handled ; the  pyrophorus  is  then  to  be 
haftily  poured  into  a warm  and  perfeftly  dry 
ground-ftoppered  vial,  in  which  it  may  be  kept 
without  injury  for  any  length  of  time  provided 
the  accefs  of  air  is  carefully  avoided. 

Another  excellent  method  of  preparing  pyro- 
phorus is  the  following.**  Mix  together  three 
parts  of  Roman  alum  and  one  of  flour,  and 
heat  the  mixture  to  drynefs  in  an  iron  pot,  as 
defcribed  in  the  preceding  paragraph : the  black 
calcined  mafs  thus  produced,  is  to  be  put  into 
ounce  phials  of  green  glafs,  coated  without  and 
within  with  clay.  The  phials  thus  charged  are 
to  be  lightly  flopped  with  balls  of  tempered  clay 
and  then  fet  up  to  their  necks  in  fand  in  an  iron 
pot;  chhrcoal  powder  is  then  to  be  ftrewed  on 
to  the  depth  of  half  an  inch,  over  which  is  to 
be  placed  an  earthen  cover,  luted  to  the  pot. 
The  whole  apparatus  is  now  to  be  placed  in  a 
furnace  and  kept  at  a red-heat  for  an  hour  and 
a half:  at  the  expiration  of  this  period  being 
taken  out  of  the  furnace  and  cooled  quickly,  it 
is  to  be  unpacked,  and  the  phials  containing 
the  pyrophorus  are  to  be  placed  with  their 
mouths  inverted  in  mercury,  in  which  fituation 
the  pyrophorus  may  be  kept  for  many  years 
without  injury. 

Pyrophorus  is  a light  dry  black  powder, 
v/hich  when  poured  out  in  a little  heap  on  any 
fiat  furface,  and  expofed  to  the  air,  prefently 
gives  out  an  odour  of  fulphuretted  hydrogen, 
and  in  about  a minute  becomes  red-hot,  and 
burns  with  a very  light  bluifli  flame  till  the 
whole  of  the  carbonaceous  and  other  inflamma- 
ble matter  is  entirely  confumed,  nothing  being 
left  but  the  white  earthy  bafe  of  the  alum. 
Sometimes,  either  from  a defedl  in  the  prepa- 
ration, or  from  the  air  not  having  been  entirely 
excluded  from  the  phial  in  which  it  is  contained, 
the  pyrophorus  when  poured  out  undergoes  no 
fenfibie  change;  when  this  happens,  however, 


the  combuftion  may  often  be  brought  about  by 
breathing  on  the  powder,  and  thus  fupplying  it 
with  the  moifture  which  feems  to  be  the  pri- 
mary agent  in  this  phenomenon.  Pyrophorus 
when  made  according  to  the  lafl  mentioned 
manner  is  fo  very  inflammable  as  to  take  fire 
as  it  is  falling  from  the  mouth  of  the  phial. 
If  poured  into  a jar  of  pure  oxygen  gas  it  forms 
a brilliant  fiery  fliower;  the  oxygen  is  for  the 
moft  part  confumed,  and  there  remain  in  the 
jar  fulphureous  acid  and  carbonic  acid  gafles: 
the  pyrophorus  alfo  being  confumed,  with  the 
exception  of  its  aluminous  bafe. 

The  chemical  changes  that  take  place  during 
the  formation  and  decompofition  of  pyrophorus, 
appear  to  be  the  following.  Firlf,  by  being 
heated  below  rednefs  in  the  open  air  the  ingre- 
dients enter  into  fufion,  and  thus  mix  accurately 
with  each  other,  then  the  water  of  cryftallization 
is  driven  off  from  the  alum,  and  of  the  fugar 
or  flour  little  elfe  than  the  charcoal  efcapes 
volatilization.  Secondly,  the  red-heat  to  which 
it  is  expofed  in  the  phial,  caufes  the  fulphuric 
acid  of  the  alum  and  the  charcoal  of  the  fugar 
to  rea£l  on  each  other,  by  which  part  of  the 
charcoal  is  driven  off  in  the  form  of  carbonic 
acid,  and  part  of  the  fulphuric  acid  efcapes  as 
fulphureous  acid:  the  blue  flame  that  charac- 
terifes  the  latter  part  of  this  procefs  is  in  all 
likelihood  caufed  by  the  volatilization  and  com- 
buftion  of  a portion  of  fulphur,  more  than  is 
requifite  to  faturate  the  potafh  of  the  alum. 
Thus  the  pyrophorus  when  prepared,  confills 
of  alumine,  charcoal,  and  fulphurct  of  potafh 
in  intimate  mixture.  Thirdly,  when  this  pow- 
der is  expofed  to  the  air  a rapid  decompofition 
both  of  the  air  itfelf  and  of  the  moiflure  that  it 
contains  takes  place,  the  oxygen  of  each  being 
abforbed  by  the  fulphuret,  while  a fufficient 
quantity  of  heat  is  difengaged  to  bring  the 
charcoal  and  remainder  of  the  fulphur  to  a ftate 
of  a£lual  inflammation. 

PYROXENE.  See  Augite. 
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QUARTATION. 

A method  of  feparating  gold  from  filver. 
See  Assay  of  Gold',  and  Gold,  p.  528. 

QUAR'L'Z.  Quartz,  Broch.  Quarz, 'Wern. 
We  fhall  fubdivide  this  mineral  into  the  five 
following  fubfpecies. 

1 Sub/p.  Cryflaliized  quartz.  Rock  cryflal. 
Rock  cryflal  often  occurs  perfedbly  tranfpa- 
rent  and  colourlefs,  it  is  alfo  found  reddifh. 


yellowifh  and  greenifh  white,  pearl  grey,  fmoke 
grey,  greyifh  black,  honey  yellow,  clove  brown, 
yellowifh  and  blackilh  brown,  wine  yellovr, 
ochre  yellow,  hyacinth  red,  blood  and  brick  red, 
reddifh  purple,  apple  green,  leek  green,  and 
olive  green.  Its  primitive  form  is  a rhomboid 
approaching  nearly  to  a cube.  But  though  this 
figure  may  be  obtained  by  mechanical  divifion 
of  the  prifmatic  cryftals,  it  has  never  yet  been 
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found  native.  The  known  varieties  which.it 
exhibits  are  the  following. 

I.  The  pyramidal  dodecahedron,  compofed 
of  two  fix  Tided  pyramids  joined  bafe  to  bafe, 
the  angle  formed  by  the  plane  of  one  pyra.mid 
and  the  correfponding  plane  of  the  other  is 
—103®  20'  and  the  angle  formed  by  any  two 
of  the  adjacent  planes  of  the  fame  pyramid 
is  1=133°  40'. 

a.  The  preceding,  with  a ftrait  hexahedral 
prifm  interpofed  between  the  two  pyramids,  the 
angle  formed  by  any  plane  of  the  pyramids  and  ’ 
the  adjoining  plane  of  the  prifm  is  =1141“  40'. 

3.  The  fame  as  var.  2,  with  the  alternate 
folid  angles  at  the  bafe  of  each  pyramid  replaced 
by  fmall  rhombic  planes. 

4.  The  fame  as  var.  2,  with  all  the  folid 
angles  at  the  bafe  of  each  pyramid  replaced  by 
trapezoidal  planes. 

5.  The  fame  as  var.  2,  with  the  horizontal 
edges  of  the  prifm  replaced  by  trapezoidal, 
almoft  parallelogramatic  planes. 

The  fize  of  the  cryftals  varies  from  fmall  to 
very  large;  fome  of  the  largefl;  prifm s are  more 
than  two  feet  in  length,  and  weigh  above 
100  lbs.  The  planes  of  the  prifms  are  tranf- 
verfely  ftriated,  but  thofe  of  the  terminating 
pyramids  are  fmooth.  The  cryftals  are  com- 
monly brightly  fliining,  both  externally  and 
internally,  with  a vitreous  luftre.  Its  fracture 
is  conchoidal,  pafling  occafionally  into  obfcure- 
ly  foliated.  The  fragments  are  indeterminately 
angular,  and  very  fharp-edged.  The  colourlefs 
or  nightly  coloured  varieties  are  ufually  tranf- 
parent,  but  thofe  that  are  much  loaded  with 
iron  ochre  are  often  only  tranflucent : when 
tranfparent  it  exhibits  a double  refradlion. 

Its  hardnefs  is  fuperior  to  that  of  glafs,  and 
it  gives  vivid  fparks  when  ftruck  againft  a fteel. 
It  is  brittle  and  eafily  frangible.  Sp.  gr.  2.65 
when  pure,  but  when  deeply  coloured  by 
metallic  oxyds  it  is  confiderably  more. 

When  two  cryftals  are  rubbed  together  they 
afford  a phofphorefcent  light,  and  exhale  a 
peculiar  odour.  By  expofure  to  the  blowpipe 
this  mineral  undergoes  no  change,  except  that 
certain  of  its  varieties  lofe  their  colour.  Even 
a blowpipe  charged  with  oxygen  gas  is  wholly 
incapable,  according  to  Lavoifier,  of  inducing 
the  lead  fign  of  fufion.  According  to  Ehrmann 
however,  it  melts  into  an  enamel,  but  in  this 
cafe  the  quartz  was  probably  heated  on  charcoal 
from  which  it  might  acquire  potafti  enough  to 
ferve  as  a flux. 

The  purple  variety,  called  amethyft,  is  com- 
pofed according  to  Rofe,  of 


97.5  Silex 
0.25  Alumine 

0.5  Iron  and  a trace  of  manganefc 
98.25 


Several  of  the  varieties  of  cryftallized  quartz 
are  ufed  as  feal-ftones  and  ornaments  of  various 
kinds,  on  account  of  their  hardnefs,  the  exqui- 
fite  poliflr  that  they  are  capable  of  receiving,  and 
the  pleafing  tone  of  their  colours.  The  moft 
perfectly  tranfparent  and  colourlefs  is  called  by 
the  lapidaries  rock  cr^al,  and  befides  being 
applied  to  various  purpofes  of  ornament,  it  is 
cut  into  fpeftacle  glaffes,  which  from  their 
hardnefs  are  not  fo  liable  to  be  fcratched  as 
thofe  which  are  made  of  flint  glafs.  The 
reddifh  purple  or  violet  coloured  variety  is 
called  Ameth\jl,  and  is  occafionally  ranked  a- 
mong  the  gems:  it  muft  not  however  be  con- 
founded with  the  oriental  amethyft,  v.diich  is  a 
true  gem,  being  a variety  of  corundum.  The 
pearl  grey  or  pale  blue  variety  is  called  falfe,  or 
•water  fapphire.  The  yellow  and  fmoke  coloured 
varieties  are  called  falfe  topaz.  The  green 
varieties  are  not  unfrequently  miftaken  for 
chryfolite. 

The  largeft  and  moft  efteemed  cryftals  of 
quartz  come  from  Madagafcar,  alfo  from  the 
Alps,  from  Norway,  and  Scotland,  where  they 
occur  lining  cavities  in  granite.  Amethyft  i<) 
commonly  found  in  geodes  of  agate,  and  is 
chiefly  procured  from  Catalonia  in  Spain;  from 
Bohemia,  Saxony,  Silefia  and  the  Palatinate  in 
Germany;  from  Hungary;  from  Auvergne  in 
France,  and  the  Uralian  mountains  near  Cathe- 
rinenburg  in  Ruffia.  Quartz  cryftals  alfo  occur 
in  moft  metallic  veins  both  of  ancient  and 
recent  formation  in  every  kind  of  rock. 

There  is  fcarcely  any  cryftallized  mineral  fo 
liable  as  quartz  to  contain  foreign  fubftances; 
fometimes  drops  of  water  and  bubbles  of  air 
may  be  obferved  in  it,  alfo  fibres  of  amethyft, 
capillary  cryftals  of  fchorl  and  ruthil,  fcales  of 
chlorite,  and  dendritical  iron  ore,  &c. 

2 Subfp.  Fibrous  quartz. 

Its  colour  is  yellowifti  or  greyifli  white,  and 
fometimes  pale  amethyft.  It  occurs  in  mafs:  it 
has  a faintly  fliining  vitreous  luftre:  its  fra£l:ure 
is  thick  and  fliort  fibrous,  either  parallel,  di- 
verging, or  radiated:  the  radiated  is  compofed 
of  globular  diftinft  concretions,  two  inches  or 
more  in  diameter.  It  is  tranflucent,  fometimes 
femi-tranfparent.  In  its  other  charafters  it 
agrees  w^ith  the  prec^eding  fubfpecies. 
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It  occurs  in  veins  and  lining  cavities,  in  botlr 
■uhicli  fituations  it  is  generally  in  imniediaie 
contaft  u'irh  the  rock  in  which  they  are  formed. 
The  variety  with  globular  diftincSt  concretions 
has  hitherto  been  found,  we  believe,  only  in 
Cornwall,  where  it  conftitutes  the  great  dyke 
or  crofs  courfe  which  pafTes  entirely  acrol's  that 
country  from  north  to  fouth,  cutting  through 
and  altering  the  direction  of  the  metallic  veins 
of  that  rich  diitridt. 

3 Suhfp.  Granular  quartz. 

Its  colour  is  mow  white,  yellowlfli  or  greyifli 
•white.  It  occurs  in  mafs  and  as  a component 
part  of  certain  granites.  Its  luftre  varies  from 
Ihining  to  glimmering.  It  occurs  in  granular 
diilindt  concretions,  which  are  fometimes  ce- 
mented together  by  an  infiltration  of  quartz. 
When  the  concretions  are  very  fine,  the  fradlure 
is  nearly  compaft  •,  when  the  concretions  are 
larger,  the  fradture  is  more  or  lefs  fplintcry. 
Its  fragments  are  indeterminately  angular,  blunt 
edged.  It  is  tranflucent.  In  its  other  charac- 
ters it  agrees  with  the  firft  fubfpecies. 

The  fine-grained  with  filvery  mica  and  cream 
coloured  felfpar,  compofes  a granite  that  occurs 
near  Schihallion  in  the  central  highlands  of 
Scotland : the  larger  grained  forms  large  blocks 
in  argillaceous  fchiftus,  and  other  primitive 
rocks  in  Shropfiiire.  This  latter  becomes  of  a 
pure  fnow-white  colour  by  calcination,  and 
is  largely  employed  in  the  manufadlure  of 
China-ware. 

4 Subfp.  Compadt  quartz. 

Its  colours  are  to  the  full  as  various  as  thofe 
of  rock  cryftal.  It  occurs  in  mafs,  dilTeminated, 
in  rounded  fragments,  alfo  of  particular  fhapes, 
fuch  as  globular,  tubercular,  fpecular,  cellular, 
&c.  It  varies  in  luftre  from  fhining  to  glim- 
mering, the  former  is  generally  vitreous,  the 
latter  is  for  the  moll  part  greafy  or  pearly.  Its 
fradlure  is  coarfe  fplintery  palling  into  minute 
conchoidal.  Its  fragments  are  indeterminately 
angular,  not  very  fharp-edged.  It  varies  from 
tranflucent  at  the  edges  to  femi-tranfparent. 
In  other  particulars  it  agrees  with  the  firft 
fubfpecies. 


It  occurs  in  every  kind  of  rock,  frem  the 
oldeft  to  the  moft  recent,  forming  an  efl'ential 
conftituent  of  fome,  as  granite  and  gneifs,  and 
compofmg  veins  and  beds  in  others:  fometimes 
it  is  found  in  confiderable  blocks,  but  never 
forms  entire  mountains. 

There  are  three  varieties  of  compadl  quartz, 
which  require  to  be  deferibed  feparately. 

Var.  I.  Prafe. 

Its  colour  is  leek-greenj  it  occurs  in  mafs. 
Its  luftre  is  gliltening,  between  refinous  and 
vitreous.  It  is  tranflucent.  It  occurs  at  Bru- 
tenbrun  in  Saxony,  in  a mineral  bed,  and 
appears  to  be  a very  intimate  mixture  of  quartz 
and  actynolite. 

Var.  2.  Milk  or  rofe  quartz. 

Its  colour  is  pale  rofe,  palfing  into  reddilh, 
greyifti  and  yellowifh  white.  It  occurs  in  mafs. 
It  is  gliftening,  with  a greafy  luftre.  Its  fradlure 
is  more  or  lefs  conchoidal.  It  varies  between 
femi-tranfparent  and  tranflucent.  It  is  fuppofed 
to  be  quartz  coloured  by  manganefe.  It  is 
capable  of  a high  polifh,  and  is  formed  into 
various  ornaments.  It  occurs  in  a large  grained 
granite  at  Rabenftein  in  Bavaria,  and  is  faid 
alfo  to  have  been  found  in  Finland. 

Var.  3.  Aventurine. 

Its  colour  is  yellowifh  red,  or  grey,  greenifh, 
or  blackifli.  When  held  in  the  light  it  appears 
to  be  filled  with  filvery  and  yellowifti  fpangles 
that  refledl  the  rays  of  light  with  great  brilliance. 
Thefe  fpangles  have  been  taken  by  fome  mine- 
ralogifts  for  mica,  but  according  to  others  the 
appearance  is  produced  only  by  the  particular 
diredlion  of  its  laminae.  It  is  fufceptible  of  a 
good  polifli,  and  is  ufed  for  feal-ftones  and 
other  ornaments.  The  fineft  aventurines  come 
from  Spain. 

QUICKLIME.  See  Lime. 
QUICKSILVER.  See  Mercury. 
QUINTESSENCE. 

Properly,  the  fifth  eflcnce,  or  the  refult  ot 
five  fucceffive  diftillations.  The  term  is  at 
prefent  obfolete ; but  w'as  ufed  by  the  old 
chemifts  to  exprefs  the  higheft  degree  of  redli- 
fication  to  which  any  fubflance  can  be  brought. 
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RADICAL  VINEGAR.  See  Acetous 
Acid. 

RAGG.  See  Basalt. 

REALGAR.  See  Arsenic,  Sulphuret  of. 

REALGAR,  Native.  See  Arsenic,  ores  of. 

RECEIVER,  or  RECIPIENT.  \ • i 

RECIPIENT,  Italian.  / 

of  chemical  apparatus,  for  an  account  of  which 
fee  the  Appendix. 

RECTIFICATION. 

This  term  implies  the  repetition  of  the  pro- 
cefles  of  diftillation  or  fubllmation,  generally 
with  a lefs  degree  of  heat  than  at  firfl,  in  order 
thereby  to  purify  the  fubftances  which  are 
the  fubjefts  of  them  from  all  foreign  matters 
with  which  they  may  be  mixed.  Thus  alcohol 
is  redlified  by  rediftilling  it  at  a gentle  heat,  by 
which  it  is  feparated  from  the  water  and  other 
impurities  contained  in  common  diftilied 
fpirits. 

RED  CHALK  or  REDDLE.  See  Iron, 
ores  of,  p,  587. 

RED  LEAD  or  MINIUM.  See  Lead, 
•xyds  of. 

RED  SCHORL.  See  Titanium,  ores  of. 

REDUCTION. 

Is  the  decompofition  of  a metallic  oxyd  fo  as 
to  leave  the  metal  in  a ftate  of  greater  or  lefs 
purity,  and  exhibiting  the  luftre  which  is  fo 
eminently  charadberiflic  of  metallic  bodies. 
Redudbion  is  for  the  moll  part  effedbed  by 
charcoal  and  a high  temperature,  either  with  or 
without  the  afllftance  of  fluxes.  For  the  vari- 
ous modes  of  redudbion  in  adbual  pradbice,  fee 
the  articles  of  the  different  metals. 

REFINING  Gold  and  Silver. 

For  a particular  account  of  the  method  of 
purifying  thefe  metals,  fee  the  articles  Assay, 
Gold  and  Silver. 

REFRACTORY. 

A fubftance  that  is  either  incapable,  or  even 
very  difficult  of  fufion,  is  faid  to  be  refradbory, 
fuch  are  quartz,  pure  clay,  platina.  See. 

REFRIGERATORY. 

An  article  of  chemical  apparatus,  for  a de- 
feription  of  which  fee  the  Appendix. 

REGULUS.  Germ. 

The  term  in  its  molb  extenfive  fenfe  means  a 
metal  in  the  proper  metallic  (bate.  Although  a 
very  convenient  word,  it  is  not  much  in  ufe  at 
prelent,  being  proferibed  by  the  chemical  neolo- 
gilbs.  By  the  old  chemills  it  was  chiefly  ufed 
as  a dilblndbivc  appellation  in  thofc  cafes  where 


a metal  and  one  of  Its  ores  happened  to  be 
called  by  the  fame  name.  Thus  the  grey  ful- 
phuret  of  antimony,  was  known  by  the  name 
antimony,  long  before  it  was  fufpedbed  to  con- 
tain a peculiar  metal,  hence  when  this  difeo- 
very  took  place,  the  metal  was  called  Regulus 
of  antimonyy  to  diftinguifli  it  from  the  ore  from 
which  It  was  procured.  For  a fimilar  reafon 
the  metals  arfenic  and  cobalt  were  called  Reguli 
of  arfenic  and  cobalt. 

RESIN.  Harxe.  Germ. 

This  term  is  given  to  a very  important  clafs 
of  vegetable  fubftances  of  which  there  is  a 
great  variety  of  fpecics,  differing  from  each 
other  In  confilbence,  colour,  fmell,  and  in  fome 
degree  in  chemical  compofition. 

The  origin  of  .all  the  refins  Is  the  fame,  that 
is,  they  exfude  fpontaneoufly,  or  are  extradbed 
by  incifions  made  in  the  bark  of  the  rcflnous 
trees,  and  moft  of  them  gradually  harden  by 
expofure  to  air.  A further  portion  of  the  fame 
refill  may  alfo  be  always  extradbed  artificially 
from  the  tree  that  yields  it,  by  chemical  me- 
thods. Refill  is  alfo  very  generally  met  with 
in  certain  parts  of  vegetables,  though  its  quan- 
tity is  fo  fmall,  or  its  combination  with  other 
conftituent  parts  Is  fo  ftrong  as  not  to  appear 
in  its  proper  form  till  extradbed  by  chemical 
analyfis.  Thus  the  bark  of  the  cinchona  con-  • 
tains  no  Inconfiderable  quantity  of  refin  though 
none  appears  to  the  eye  on  mere  infpedbion, , 
or  (probably)  could  be  extradbed  by  incilion 
through  the  living  tree. 

The  chemical  properties  which  are  ufually 
underftood  to  charatberize  a refin,  are  the  fol- 
lowing: it  is  firft  foftened  and  then  melted  by 
heat,  and  when  kindled  it  burns  readily  with 
a ftrong  and  generally  fragrant  fmell,  with 
copious  flame  and  fmoke,  and  leaves  fcarcely 
any  refidue  behind.  It  is  infoluble  in  water 
and  moft  watery  liquids,  and  is  not  eaftly  adbed 
on  by  acids  or  alkalies,  except  they  are  concen- 
trated, and  the  adbion  affifted  by  heat  or  long' 
digeftion.  But  it  readily  and  totally  diffolves 
in  alcohol,  forming  a clear,  but  coloured,  folu- 
tion  from  which  by  far  the  greater  part  of  the 
refin  is  precipitated  in  a pulverulent  form  unal- 
tered, by  the  addition  of  water,  which  immedi- 
ately renders  the  folution  opake  and  turbid.  It . 
is  alfo  foluble  In  fulphuric  ether,  and  in  the  ' 
fixed  and  volatile  oils,  particularly  the  latter.  . 

But  though  all  refins  agree  in  the  qualities  off 
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inflammability,  infolubility  in  water,  and  lolu- 
biiity  in  alcohol,  there  are  feveral  other  cir- 
cumftances  which  have  ufually  been  employed 
to  diilinguifh  the  clafles  of  refins. 

Balfams  according  to  the  antient  fenfe  of  the 
word  was  certainly  applied  Amply  to  thofe  I'eAns 
that  always  remained  in  a fluid  or  femin-fluid 
ftate,  fuch  as  the  Balfam  of  Capivi,  of  Mecca, 
of  Canada,  &c.  and  thefe  appear  to  be  refms 
holding  a fuperabundance  of  elTential  oil,  fothat 
when  diftilled  per  fe  a vaft  quantity  of  oil  arifes, 
and  a hard  brittle  refin  is  left  behind  if  the  heat 
employed  is  only  moderate.  Thus  turpentine, 
which  is  a natural  balfam,  yields  by  diftilhtion 
abundance  of  the  eflentlal  oil  of  turpentine  ; 
and  common  rofin  (which  is  a true  refin)  is  left 
behind. 

The  term  Balfam  however  has  of  late  been 
injudicioufly  applied  in  the  modern  chemical 
nomenclature  to  thofe  two  or  three  fpecies  of 
reflns  that  contain  a notable  quantity  of  Benzoic 
acid,  as  deferibed  under  that  article. 

Gum  refins  are  natural  mdxtures  of  a true 
refin  with  another  fubftance  apparently  of 
the  nature  of  gum  and  foluble  in  water. 
Hence  if  they  are  triturated  with  water,  they 
remain  fufpended  in  it  in  pretty  intimate  mix- 
ture for  a confiderable  time,  forming  an  opake 
emulfive  liquor.  By  ftanding,  however,  the 
refin  fubfides,  and  the  liquor  becomes  clear, 
but  it  retains  the  flavour  and  fmell  of  the  gum 
refin,  and  leaves  on  evaporation  a fmall  quantity 
of  brown  extradlive  matter.  Gum-ammoniac 
is  an  example  of  this  kind.  This  diftindtion 
however  is  not  very  precife,  and  is  more  ufeful 
in  pharmacy  than  in  pure  chemiftry. 

There  are  fome  fubftances  evidently  reflnous 
in  their  nature  and  origin,  but  which  have 
other  peculiar  properties  that  have  caufed  them 
to  be  excluded  from  the  lift  of  refins. 

Camphor  is  of  this  kind,  which  poflefTes 
fome  diftindive  characters  that  have  already 
been  fully  deferibed  under  that  article. 

Caoutchouc,  copal,  and  perhaps  amber  alfo, 
appear  to  belong  ftriCtly  to  the  clafs  of  refins, 
but  each  has  fome  points  in  which  it  differs 
materially  from  them. 

We  {hall  refer  our  readers  to  the  articles 
Vai  ■nijh  and  Turpentine  for  fome  of  the  moft 
important  individual  refins,  and  in  this  place 
only  notice  fome  chemical  properties  common 
to  the  whole  clafs. 

All  the  refins  fink  in  water.  Moft  of  them 
are  without  tafte  or  only  give  a flight  pungency 
when  long  chewed.  When  heated  per  Je  in  a 

* Fourcroy.  * Ibid.  ' Pbil.  Ti 


clofe  veflel,  they  firft  give  a confiderable  quan- 
tity of  efiential  oil  proportionate  to  the  foftnefs 
and  approach  to  liquidity  of  the  refin,  after 
which,  if  the  heat  is  raifed,  they  yield  an  acid- 
ulous water,  carburetted  hydrogen,  and  car- 
bonic acid,  and  a brilliant  fpongy  coal  is  left. 
The  refins  burn  readily  in  the  air,  with  much 
flame  and  a very  denfe  fmoke,  which'  latter 
carries  with  it  a large  quantity  of  very  pure 
charcoal,  that  fettles  upon  all  the  contiguous 
furfaces,  covering  them  with  a fine  lamp-black. 
Much  water  is  alfo  generated  during  this  com- 
buftlon. 

Refins  unite  by  melting,  with  fulphur,  and 
alfo  with  phofphorus  though  with  difficulty.* 
It  is  generally  aflerted  that  neither  alkalies  nor 
acids  have  any  a£Hon  upon  refin,  neither  in- 
flaming nor  oxydating  them  nor  reducing  them 
to  a foap.’’  This  however  is  found  to  be  en- 
tirely a miftake,  for  many  of  the  acids,  and  the 
fixed  alkalies  a£t  very  powerfully  upon  thefe 
fubftances,  as  has  been  fliewn  by  Mr.  Hatchett 
in  his  valuable  analyfis  of  gum  lac,'  and  more 
lately  in  his  experiments  on  the  produdlion  of 
artificial  tannin.*^  The  former  have  been  al- 
ready mentioned  under  the  article  lac",  and  the 
latter  we  fhall  chiefly  refer  to  tannin,  but  with 
a {hort  notice  in  this  place  of  that  part  of  thefe 
highly  curious  refearches  which  more  immedi- 
ately refers  to  the  properties  of  refms. 

Potalh  compleatly  dilTolves  refin  by  long 
boiling,  and  carbonat  of  potafh  a£l;s  confider- 
ably  upon  it  though  much  Id's  perfedly.  This 
folution  is  clear  and  of  a faponaceous  confift- 
ence,  and  will  bear  dilution  with  water  without 
becoming  turbid,  but  on  the  addition  of  an  acid 
the  whole  of  the  refin  feparates. 

If  a metallic  folution  in  acid  be  added  to  the 
alkaline  folution  of  the  refin,  a curdy  precipi- 
tate is  formed,  confifting  of  the  refin  united 
moft  intimately  with  the  metallic  oxyd,  which 
bears  a ftrong  refembiance  to  the  fimilar  preci- 
pitates formed  by  adding  a metallic  folution  to 
foap. 

When  ftrong  nitric  acid  is  digefted  with 
refin  it  is  firft  converted  into  a pale  orange- 
coloured  porous  brittle  fubftance,  after  which 
a repeated  abftradion  of  the  acid  at  a boiling 
heat,  converts  the  refin  into  a deep  yellow  vifeid 
fubftance,  foluble  both  in  water  and  alcohol,  into 
a clear  liquor,  in  which  moft  of  the  refinous  pro- 
perties are  loft.  Very  long  continued  digeftion 
in  the  acid  without  heat  will  produce  the  fame 
effe£l.  Nitrous  gas  is  produced  in  abundance 
during  each  diftillation,  and  the  ftrength  of  the 

anf.  for  1804.  ' Ditto  for  1805  and  6. 
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acid  which  comes  over  is  dlminiflied,  which 
ftiews  that  this  change  depends  chiefly,  if  not 
entirely  upon  the  a£Hon  of  the  oxygen  of  the  de- 
compofed  acid.  This  deep  yellow  folution  pro- 
duces no  efte£f  on  nitrat  of  lime  thus  fliewing 
the  abfence  of  oxalic  acid.  With  acetited  lead  it 
gives  a copious  yellow  precipitate,  and  with  a 
folution  of  ifinglafs  or  any  other  animal  gelatin 
it  produces  a denfe  yellow  precipitate,  infoluble 
in  boiling  waterj  and  refembling  in  every  other 
property  the  precipitate  produced  by  galls,  ca- 
techu, and  other  native  vegetable  tannins.  This 
lafl;  efieft  however  is  not  produced  unlefs  the 
refill  has  been  long  and  repeatedly  treated  with 
nitrous  acid,  whereas  the  refinous  properties 
are  loft  at  an  earlier  period  of  the  atfion  of 
this  acid.  On  the  other  hand,  if  the  refin  has 
been  previoufly  charred  to  2 flight  degree 
either  by  heat  or  by  fulphuric  acid,  the  artificial 
tannin  is  produced  much  more  fpeedily.  Hence 
Mr.  Hatchett  fuppoles  that  this  tanning  fub- 
ftance  is  formed  in  confequence  of  part  of 
the  oxygen  of  the  nitric  acid  combining  with 
the  hydrogen  of  the  refin  fo  as  to  produce 
water,  and  a proportionate  quantity  of  carbon 
being  thus  denuded  it  is  capable  of  yielding  the 
tannin  by  the  fubfequent  aftion  of  the  acid. 
It  ihould  be  added  too,  that  the  fame  fubftance 
is  produced  in  much  greater  abundance  by  the 
a£fion  of  nitric  acid  on  charcoal  'alone,  which 
thus  may  be  made  to  yield  more  than  its  own 
weight  of  tannin. 

It  has  been  mentioned  that  no  oxalic  acid  is 
formed  by  the  aftion  of  the  nitric  acid  on  the 
pure  refins,  and  this  appears  to  be  a very  good 
chara£tcriftic  mark  of  thel'e  bodies,  fince  moft 
other  vegetable  principles  yield  it  in  greater  or 
lefs  abundance.  This  is  particularly  the  cafe 
with  mucilage  and  extraff  of  every  kind,  and 
hence  the  natural  Gum-rejms  when  treated  wnth 
nitric  acid  afford  a fmall  quantity  of  oxalic  acid, 
which  may  ferve  to  diftinguifti  them  from  the 
true  refins.  This  production  of  oxalic  acid 
appears  abfolutely  to  prevent  the  formation  of 
the  artificial  tannin,  fo  that  none  of  the  latter 
could  be  obtained  from  gum-arabic,  tragacanth, 
and  other  mucilages.  The  prefence  of  the 
b ' r/.eic  acid  alfo  in  fome  degree  counteracts 
the  formation  of  tannin,  and  hence  lefs  of  it  is 
produced  from  gum  benzoin,  and  balfam  of 
toki,  than  from  the  fimpler  refins 

Wlien  concentrated  fulphuric  acid  is  poured 
upon  any  of  the  folid  refins  reduced  to  fine 
powder,  it  diffolves  them  in  a few  minutes  and 
forms  a tranfparent  yellowifli  brown  folution  of 
the  confiftency  of  a vifeid  oil.  This  procefs 
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feems  at  firft  to  be  a Ample  folution,  but  in  a 
little  time  (efpecially  if  warmth  be  ufed)  the 
colour  of  the  folution  progreflively  deepens, 
fulphureous  acid  gas  exhales,  and  at  length  the 
whole  becomes  a thick  fluid,  of  an  Inky  black- 
nefs.  A fimilar  effeeft  is  produced  by  the  aeftion 
of  this  acid  upon  the  liquid  refins.  If  the  acid 
is  poured  on  common  turpentine  it  diffolves  it 
almoft  immediately,  and  if  a portion  of  this  fo- 
lution be  poured  into  cold  water,  the  turpentine 
is  precipitated  in  a folid  brittle  ftate  like  com- 
mon yellow  rofin.  But  If  a fecond  portion  is 
thus  decompofed  after  the  interval  of  an  hour 
or  two  the  precipitated  refin  is  of  a dark  brown; 
and  a third  portion  after  the  interval  of  four  or 
five  hours  is  quite  black.  If  the  digeftion  be 
continued  for  fevcral  days,  the  produeSHon  of 
fulphureous  gas  ceafes,  and  the  turpentine  (or 
whatever  refin  be  ufed)  is  converted  into  a 
black  porous  coal,  which  yields  no  refin  to  al- 
cohol, and  amounts  In  general  to  from  a third 
and  more  to  a fifth  of  the  refin  employed. 
The  quantity  of  coal  produced  by  fulphuric 
acid  far  exceeds  that  which  is  afforded  by  the 
Ample  application  of  heat,  fince  thefe  refins 
when  heated  ftrongly  per  fe  In  clofe  veffels  leave 
behind  fcarcely  a hundreth  of  their  weight  of 
coal.  If  feparate  portions  of  the  refin  procured 
by  dropping  the  fulphuric  folution  in  water  after 
different  periods  of  digeftion  are  merely  diffolved 
in  nitric  acid,  the  artificial  tannin  is  only  found 
in  thofe  folutions  in  which  the  refin  is  actually 
or  nearly  charred.  The  coal  obtained  from  the 
refin  by  means  of  fulphuric  acid  is  not  only  in 
much  greater  quantity  than  that  produced  by 
Ample  heat,  but  differs  from  it  confiderably  in 
texture  and  appearance,  being  when  obtained 
by  the  humid  procefs,  fliining,  hard,  and  fome- 
times  iridefeent;  whereas  that  produced  by  cal- 
cining the  fame  refins  in  clofe  veffels  is  fpongy 
and  light.  The  former  kind  burns  like  fome 
of  the  mineral  coals  with  great  difficulty,  but 
the  latter  like  common  charcoal.  I'he  great 
difference  in  the  proportional  quantity  of  coal, 
is  fhewn  by  the  following  ftatement : loo  grs. 
of  common  refin  afford  by  fulphuric  acid  43  of 
coal,  of  which  after  expofure  to  a red  heat  30 
ftill  remain,  but  the  fame  quantity  yields  by  cal- 
cination in  clofe  veffels  only  | of  a grain, 

100  grains  of  maftich  afford  66  grs.  of  coal, 
by  the  firft  procefs,  but  only  4|  by  the  fecond. 

100  grains  of  amber  yield  56  grs.  of  coa-l  by 
fulphuric  acid,  but  o.  ly  3)  by  calcination. 

On  the  other  hand  the  difference  between 
thefe  refpeiftlve  quantiiies  of  coal  from  the 
mucilages  is  much  lefs. 
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The  acetic  acid  diffolves  the  true  vefins  even 
without  heat  when  digefted  with  them  for  a 
confiderable  time,  and  on  the  addition  of  water 
the  whole  is  again  feparated,  apparently  un- 
changed. This  latter  method  is  ufeful  in  ana- 
lyfis  to  feparate  refin  and  gluten,  both  of  which 
are  foluble  in  acetic  acid,  but  the  latter  remains 
in  folution  when  water  is  added.  As  the  acetic 
acid  does  not  (like  the  fulphuric  and  nitric) 
alter  the  refm,  it  affords  a very  ufeful  re-agent 
in  chemical  analyfis. 

A very  ftrong  refemblance  exifts  between 
the  refms  and  the  effential  oils  in  many  of  their 
moll  important  properties,  whence  fome  che- 
mifts  have  been  difpofed  to  confider  thefe  oils 
as  the  origin  of  refins.  When  an  effential  oil 
is  expofed  to  the  air,  much  of  it  is  entirely 
evaporated,  but  the  portion  which  is  left  gra- 
dually thickens,  water  appears  on  the  furface, 
and  the  oil  lofes  its  volatility,  and  with  it  much 
of  its  fmell,  and  gradually  approaches  to  the 
Hate  of  refin.  This  change  has  already  been 
mentioned  under  the  article  Oil  Effential  (page 
183)  and  alfo  the  method  of  refloring  a part  of 
this  oil  by  means  of  fulphuric  ether  into  its 
original  ftate,  and  the  perfe£l  refinification  of 
the  remainder. 

Nitric  acid  alfo  converts  the  effential  oils 
into  a refin,  where  the  mutual  a£Hon  of  the  two 
fubftances  (which  is  very  rapid  and  intenfe)  is 
moderated  by  dilution,  or  very  gradual  affufion 
of  the  acid  in  fmall  quantities.  This  change 
(which  is  alfo  mentioned  in  the  fame  article, 
p.  184)  takes  place  very  remarkably  with  oil  of 
amber,  which  refembles  the  effential  oils  in  many 
properties.  If  about  its  own  bulk  of  fuming 
nitrous  acid  is  poured  on  it  gradually,  much' 
heat  is  excited,  and  nitrous  gas  is  given  out, 
though  the  adlion  Is  altogether  lefs  than  with 
the  effential  oils,  and  in  fome  hours  the  whole 
is  refolved  Into  a yellow  acid  liquor,  weak  of 
acid  compared  to  the  quantity  employed,  on 
which  fwims  a tough  yellow  refin  intenfely  bit- 
ter, aromatic,  infoluble  in  water,  but  which  dif- 
folves in  alcoliol,  and  is  precipitated  from  it  by 
water.  This  fingular  fubftance  leaves  a mufky 
fmell  when  a little  of  its  folution  is  fuffered  to 
dry  in  the  air,  and  it  has  been  Introduced  into 
medicine  under  the  name  of  Artificial  Musk. 

We  may  conclude  this  article  by  a fhort 
enumeration  of  the  moft  important  of  the  true 
refins,  the  gum  refins,  and  the  fubftances,  not 
prepared  by  art,  to  which  a refinous  nature  has 
been  ufually  attributed. “ To  aitempt  to  enu- 
merate them  all  would  be  endlefs,  as  there  are 
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few  plants  from  which  a fpecles  of  refin  may 
not  be  extra£led  by  art,  and  even  the  number  of 
thofe  that  exfude  fpontaneoufly  is  extremely 
great. 

Though  no  claffificatlon  will  corre£lly  cor- 
refpond  with  their  chemical  properties,  the  li- 
mits between  the  refins  and  gum-refins  not  be- 
ing very  precife,  we  may  ufefully  arrange  the 
greater  part  of  thefe  fubftances  under  the  head 
of  Liquid  Refms  or  Balfams,  Solid  ReftnSy  and 
Gum  Refms.  The  two  firfl  claffes  are  entirely 
or  almoft  entirely  infoluble  in  water,  except 
they  contain  benzoic  acid,  but  totally  yield  to 
alcohol.  Diftillation  with  water  extracts  from 
the  liquid  refins  a large  quantity  of  effential  oil, 
and  leaves  a refidue  much  refembling  the  folid 
refins.  The  gum-refins  are  partly  foluble  in 
water  and  partly  in  alcohol. 

Liquid  Resins. 

1.  Turpentines.  Under  this  name  we  may 
Include  all  the  liquid  refms  exfuding  from  the 
different  fpecies  of  pine,  which  from  their  im- 
portance in  the  arts  and  the  immenfe  confump- 
ti©n  of  them  will  be  feparately  deferibed  under 
the  article  Turpentine.  They  all  yield  abund- 
ance of  the  limpid  effential  oil  of  turpentine 
when  diftilled,  and  by  different  modes  of  pre- 
paration furnlfh  feveral  varieties  of  rfm,  pitchy 
tar,  8ic.  There  are  at  leaft  four  fpecies  of 
turpentines  commonly  known  in  the  fhops,  the 
Chio,  Venice,  and  Cotnmon  Turpentine,  and  the 
Canada  Balfam. 

2.  Balfam  of  Capivi  or  Copaiba  Is  a clear  yel- 
lowifli  refinous  juice,  about  the  confiftence  of 
thin  treacle,  which  flows  in  confiderable  quan- 
tity from  incifions  made  in  the  bark  of  a large 
tree  of  South  America,  the  Copaifera  Officinalis. 

This  balfam  has  a very  agreeable  fmell  and  st 
pungent  bltterifh  tafte.  it  grows  ftiffer  by  long 
keeping  but  never  concretes  into  a folid.  It 
diffolves  totally  in  alcohol.  When  diftilled  with 
water  it  yields  nearly  half  its  weight  of  effential 
oil,  and  a brittle  Inodorous  refin  is  left.  It  ap- 
pears therefore  to  be  a natural  combination, 
fimply  of  refin  and  effential  oil. 

3.  Balfam  of  Mecca,  Opobalfam,  or  Balfam 
of  Gilead.  This  is  a liquid  refin  which  exfudes 
from  the  Amyris  Opobalfamum,  a fmall  evergreen 
tree  that  grows  in  many  parts  of  the  Levant, 
and  alfo  in  great  perfedlion  on  the  fhores  of 
the  Red  Sea.  It  bears  an  extremely  high  price 
among  the  Turks,  who  employ  it  chiefly  as  a 
cofmetic,  and  it  is  fcarcely  ever  found  genuine 
in  any  other  part  of  Europe. 

It  is  moderately  fluid,  of  a yellowifh  white 
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colour,  very  fragrant,  and  of  a flightly  bitter 
and  acrid  tafte.  Its  chemical  properties  clofely 
refemble  thofe  of  the  laft  mentioned  fpecies, 
and  it  is  only  mentioned  in  this  place  on  ac- 
count of  the  extravagant  value  which  the 
Turks  fet  upon  it,  which  is  far  beyond  that  of 
all  the  other  aromatics, 

4.  Balfam  of  Peru.  This  is  a dark  brown 
balfam  of  the  confiftence  of  thin  honey  ob- 
tained from  the  Alyroxylon  Peruferum  (as  it  is 
faid)  by  boiling  the  twigs  and  bark  in  water, 
and  when  cold,  the  balfam  fwims  at  the  top  of 
the  liquor  and  is  fkimmed  off.  There  appears 
to  be  two  fpecies  of  this  balfam,  the  nuhite  and 
the  broivtif  but  the  latter  is  the  only  one  com- 
monly known. 

This  juice  has  a very  fragrant  fmell  and 
pungent  tafte.  It  is  entirely  immifcible  with 
water  and  with  the  fixed  oils,  but  diflblves  in 
the  eflential  oils  and  in  alcohol.  When  this 
balfam  has  long  remained  at  reft  in  any  veflel, 
it  depofits  cryftals,  from  which  the  benzoic 
acid  may  be  obtained  by  fublimation. 

By  diftillation  with  water  this  balfam  yields 
fg  of  its  weight  of  an  eflential  oil,  of  a reddifli 
colour,  and  a pungent  tafte.  This  oil  probably 
alfo  contains  benzoic  acid.  When  compleatly 
charred  by  fulphuric  acid,  Mr.  Hatchett  found 
100  grs.  to  yield  64  grs.  of  mere  charcoal.  A 
compound  tin£Iure  of  this  balfam  forms  the 
common  Friar  s Balfam^  ufed  as  an  application 
in  cuts  and  flight  wounds. 

5.  Balfam  of  Tolu.  This  juice  flows  from 
incifions  made  in  the  trunk  of  the  Toluiftra 
Balfamum,  a large  tree  refembling  the  pine, 
which  abounds  in  the  province  of  Tolu,  in 
South  Aifterica.  It  is  of  a yellowifli  brown 
colour,  and,  when  frelh,  of  a thick  tenacious 
confiftence,  but  by  age  it  hardens  fo  as  to  be 
moderately  brittle  in  cold  weather. 

This  balfam  has  a moft  fragrant  fmell,  more 
fo  than  moft  of  the  refins,  fomewhat  refem- 
bling lemons.  When  chewed  it  clings  to  the 
teeth,  and  at  firft  gives  very  little  tafte,  but  after 
a time  it  leaves  an  agreeable  pungency  in  the 
mouth.  When  kindled  it  burns  with  a copious 
flame  and  fmoke  (like  all  the  other  refms)  but 
this  is  accompanied  with  a very  pungent  fra- 
grant vapour  which  excites  coughing,  and  is 
owing  to  the  volatilization  of  the  benzoic  acid 
that  this  balfam  contains  in  fome  abundance, 
though  in  much  lefs  proportion  than  the 
gum  benzoin.  When  this  balfam  is  boiled 
with  water  it  melts,  and  fettles  at  the  bottom  of 
the  veflel,  and  appears  to  remain  there  unal- 
tered, but  the  water  without  lofing  its  tranf- 


parency  becomes  highly  fragrant  and  pungent, 
and  contains  a notable  quantity  of  benzoic 
acid.  This  acid  may  alfo  be  procured  from  it 
by  the  fame  methods  by  which  it  is  extrafted 
from  the  gum  Benzoin,  as  defcribed  under  that 
article. 

Balfam  of  Tolu  is  totally  foluble  in  alcohol, 
and  it  is  entirely  feparated  from  this  men- 
ftruum  (the  benzoic  acid  excepted)  by  water. 
If  the  folution  is  not  too  concentrated  this  pre- 
cipitated balfam  remains  for  a time  fufpended 
in  the  liquor  and  gives  it  a milky  appearance. 
By  diftillation  this  balfam  yields  an  eflential  oil 
and  benzoic  acid.  A hundred  grains  of  the 
balfam  charred  by  fulphuric  acid,  gave  fifty-four 
grains  of  charcoal. 

6.  Liquidambar , or  Liquid  Storax.  This  is  a 
refinous  juice,  which  flows  from  the  trunk  of 
the  Liquidambar  Styracifuai  a tree  refembling 
the  maple,  found  in  Virginia  and  Mexico.  This 
balfam  is  of  the  confiftence  of  honey,  reddifli 
brown,  nearly  tranfparent,  of  an  acrid  un<3:u- 
ous  tafte  and  a fragrant  fmell.  It  is  feldom 
feen,  and  has  not  been  much  examined. 

Solid  Resins. 

7.  Gum  Anime.  This  refin,  which  Is  very 
rarely  met  with,  exfudes  from  the  trunk  of  the 
Hymeruea  Com  bar il.,  a large  tree  growing  in 
Brazil  and  New  Spain.  It  is  brought  over 
either  in  fmall  roundifti  tears,  or  in  larger 
mafles,  with  the  furfaces  covered  with  a white 
powder.  The  colour  is  yellowifli  white  and 
pellucid,  it  is  very  brittle,  and  gives  a fliining 
fra£l:ure.  It  refembles  copal  in  appearance,  but 
is  readily  diftinguifhable  from  it  (among  other 
things)  by  being  eafily  and  totally  foluble  in 
alcohol,  which  copal  is  not,  without  much  dif- 
ficulty and  particular  management.  This  refm 
has  very  little  tafte.  It  is  infoluble  in  water, 
but  forms  a grateful  yellow  tindlure  with  alco- 
hol, which  has  a bitterifh  pungent  tafte.  Dif- 
tilled  with  water  it  gives  a very  fmall  quantity 
of  eflential  oil.  The  natives  of  the  countries 
whence  it  is  procured  chew  it,  but  it  is  never 
ufed  in  Europe. 

8.  Benzoin.  This  refin,  which  contains  more 
of  the  benzoic  acid  than  any  other  fubftance, 
has  already  been  defcribed  under  this  article. 

9.  Dragon's  Blood.  The  origin  of  this  va- 
luable refm  is  not  precifely  known,  but  it 
appears  to  be  obtained  from  feveral  large  trees 
growing  In  many  parts  of  the  Eaft  Indies  and 
the  Indian  Archipelago,  of  which  the  moft 
known  are  the  Calamus  Rotang,  and  Pterocarpus 
Draco.  This  refm  is  very  largely  mixed  and 
adulterated  fp  that  the  famples  to  be  found  in 
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the  different  (hops,  often  have  fcarcely  any 
other  refemblance  than  in  colour.  The  heft  fort 
of  dragon’s  blood  is  found  in  irregular  roundifli 
pieces  about  the  fize  of  a walnut,  often  wrap- 
ped in  palm  leaves,  and  of  a deep  uniform  dull 
red  colour,  without  fmell  or  tafle.  When 
broken,  its  texture  appears,  homogeneous,  but 
evidently  cellular.  If  a little  of  it  is  rubbed 
much  in  a mortar  the  colour  brightens,  and 
fomewhat  approaches  that  of  Vermillion. 

Pure  dragon’s  blood  is  entirely  infoluble  in 
water,  but  totally  foluble  in  alcohol,  forming  a 
tindlure  of  a fine  blood-red  colour.  It  burns 
with  a bright  flame,  and  readily  confumes 
leaving  only  a fmall  portion  of  a white  afii. 
When  charred  by  fulphuric  acid,  loo  grs.  leave 
48  grs.  of  coal. 

Dragon’s  blood  is  foluble  in  the  elfential  oils, 
and  alfo  m the  fixed,  giving  them  a fine  red 
colour.  This  refin  is  largely  ufed  in  Varnijhmgt 
(which  lee)  in  lacquering,  and  painting,  where 
a full  bodied  deep  red  is  wanted. 

10. '  Gum  Elemi.  This  refin  comes  over 
from  South  America  in  femi-pellucid  yellowifh 
mafles  generally  wrapped  up  in  leaves,  and 
vifibly  contaminated  with  bits  of  twigs  and 
bark,  friable  in  the  fingers,  foftening  by  heat, 
of  a fragrant  fmell  and  bitter^  talle.  The 
tree  that  yields  it  is  fuppofed  to  be  the  Amyris 
Elemifera. 

Water  dilTolves  only  about  fV  this  refin, 
and  the  remainder  is  foluble  in  alcohol. 

1 1 . Gum  Hederx  is  a refin  which  exfudes  In 
hot  countries  from  the  ftalks  and  leaves  of  the 
Ivy,  [Hedera  Helix.) 

It  appears  in  hard  compadl  malTes,  reddlfh 
brown  externally,  internally  of  a bright  yellow, 
nearly  opake,  brittle,  and  with  a glofl'y  vitreous 
frafture.  The  fmell  is  agreeable  when  rubbed, 
the  talle  flightly  allringent.  It  is  not  entirely 
foluble  either  in  water  or  alcohol,  fo  that  in 
ftridlnefs  it  ought  hardly  to  be  called  a true 
refin.  It  is  little  known,  and  has  not  been 
carefully  examined. 

12.  Lahdunum  or  Ladanum.  This  refin  ex- 
fudes fpontaneoufly  from  the  leaves  and  branches 
of  a fr.igrant  fhrub  {Cijlus  Creticus)  which  grows 
abundantly  in  the  dry  mountainous  regions  of 
the  Ifle  of  Candia,  Syria,  and  other  parts  of 
the  Levant.  Ladanum  is  a black,  hard,  heavy, 
refinous  mafs,  rough  externally,  and  in  frag- 
ments, and  its  fradture  fliews  diilindt  fparkling 
particles.  When  chewed  it  gives  a gritty  feel 
to  the  mouth,  and  a bitterifli  tafte,  but  does 
notdifolve.  The  fmell  is  fragrant.  When 
digefted  with  water  it  imparts  its  grateful  fmell, 


but  does  not  fcnfibly  dllTolve  therein.  By 
diftillation  it  gives  a fragrant  elfential  oil,  and  a 
taftelefs  brittle  refm  remains.  Alcohol  dilTolves 
all  the  refill,  and  always  lliews  in  the  undiflblved 
refidue  a confiderable  quantity  of  fand  and 
other  Impurities. 

13.  Majlich.  This  very  valuable  refin  is 
procured  from  the  Pijlacia  Lentifcus^  a tree 
that  grows  to  ten  or  twelve  feet  high,  and  is 
cultivated  in  many  parts  of  the  Levant,  par- 
ticularly in  the  ifland  of  Chio. 

The  bell  maftich  is  in  the  form  of  fmall 
roundilh  tears,  hard  and  brittle,  of  a faint 
yellow  colour,  nearly  tranfparenc,  with  a light 
but  pleafant  fmell,  and  little  or  no  tafte. 
When  chewed  it  foftens  in  the  mouth,  and 
excites  a confiderable  flow  of  faliva.  It  is 
nearly  infoluble  in  water,  but  gives  it  a pleafant 
flavour  when  boiled  with  it.  Alcohol  and  the 
elfential  oils  dilfolve  maftich  entirely,  forming 
a clear  light-yellow  tenacious  folution,  which 
either  alone  or  with  other  refins  is  much  em- 
ployed in  varnilhing  and  other  arts.  When 
charred  by  fulphuric  acid,  100  grains  afford  66 
of  charcoal. 

14.  Saudarac.  This  refin  exfudes  from  the 
bark  of  feveral  kinds  of  Juniper,  and  concretes 
in  nearly  pellucid  yellowllh  tears  of  a pleafant 
fmell,  and  fcarcely  any  tafte.  It  is  compleatly- 
foluble  in  alcohol,  and  in  oils  fixed  or  efl'ential, 
and  is  much  ufed  in  varnilhing. 

15.  Tacamahacca.  This  refin  is  obtained 
from  the  F agar  a odlandra,  a tree  found  in  many 
parts  of  South  America.  There  are  two  forts 
of  this  refin  •,  the  bell  is  colle£led  in  gourd 
fhells,  and  is  un£luous  and  foft,  of  a greenilh 
yellow  colour,  a delightful  fmell  approaching 
to  that  of  lavender,  and  a bitterilh  aromatic 
tafte.  It  is  feldom  ufed. 

16.  Siyrax,  or  Storax,  is  a very  fragrant  refin 
procured  from  the  Styrax  ofi  inalis,  a middling 
fized  tree,  a native  of  Afia.  There  are  two  forts 
of  this  refill;  the  Styrax  calamita,  compofed  of 
reddilh  brown  malfes  of  a waxy  confiftence,  and 
free  from  vifible  impurities.  The  other,  which 
is  by  much  the  commoneft  fort,  is  fo  largely 
adulterated  with  faw-duft,  that  it  looks  rather 
like  a mafs  of  faw-duft  fomewhat  agglutinated 
by  means  of  a foft  clammy  rcfin.  Common 
ftyrax  infufed  in  water  gives  it  a golden  colour, 
a fragrant  fmell,  and  a flight  balfamic  tafte. 
Diftillation  with  water  ftill  further  impregnates 
this  liquid  with  the  fame  qualities  of  Imell  and 
tafte,  and  contains  benzoic  acid,  which  may  be 
extra£led  in  the  w^ay  mentioned  under  this 
article.  When  ftyrax  is  diftiiled  per fe  it  yields 
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along  with  an  enapyreuniatic  oil  fome  cryftal- 
Hzed  flowers  of  benzoin.  Alcohol  diflblves  all 
the  true  Hyrax  from  the  impure  mafs.  In 
flavour  and,  when  pure,  in  other  properties, 
this  refin  ftronglyjefembles  the  balfam  of  Tolu. 

Gum  Resins.  Thefe  fubllances,  as  already 
mentioned  under  this  article,  are  not  entirely 
foluble  in  either  water  or  pure  alcohol,  fingly, 
but  compleatly  fo  in  a mixture  of  the  two. 
Many  of  them  have  very  ftrong  fenfible  proper- 
ties, and  they  are  altogether  much  more  aftive 
when  ufed  medicinally  than  the  refms.  When 
rubbed  with  water,  they  form  a thick  emulfion, 
from  which  moft  of  the  refmous  part  feparates 
by  repofe. 

The  gum-refins  are  principally,  though  not 
entirely,  ufed  in  medicine. 

17.  Afafaetida.  This  gum-refin  is  the  dried 
juice  of  a large  umbelliferous  plant,  [Ferula 
mfafoetiday)  which  grows  in  the  mountains  of 
Perfia  and  Arabia.  It  is  collefted  by  cutting 
the  mature  plant  a little  above  the  ground, 
which  caufes  a quantity  of  white  juice  to  exfude 
on  the  cut  furface  of  the  (lock,  that  foon  con- 
cretes into  a brownifli  foft  gum.  I his  is 
removed,  a frelh  furface  is  made  on  the  ftalks 
by  cutting  it  down  for  an  inch  or  two,  and 
more  of  the  juice  is  collected,  till  after  a time 
the  whole  is  exhaufted,  and  the  ftalk  dies. 

Afafoetida  is  brought  to  us  in  irregular 
mafles  moftly  of  a brownifli  colour  approaching 
to  red,  and  involving  fmaller  lumps  that  are 
nearly  white.  It  has  a very  ftrong  fetid  fmell 
like  garlic,  extremely  permanent  and  diffufive, 
its  tafte  is  naufeous  and  bitterifli.  If  rubbed 
with  water  it  entirely  refolves  into  a milky 
emulfion,  from  which  after  Handing  for  fome 
time  moft  of  the  refmous  part  fubfides,  leaving 
a clear  fupernatant  liquor  containing  much  gum 
in  folution.  Pure  alcohol  diflblves  only  the 
refinons  part,  and  makes  a clear  yellow  folu- 
tion. Dilute  alcohol  diflblves  the  entire  refin 
and  forms  a brownifli,  rather  turbid  tin£l:ure. 
Water  diftilled  off  afafoetida  rifes  ftrongly  im- 
pregnated with  its  peculiar  fmell.  A hundred 
grains  charred  by  fulphuric  acid  yield  58  grs. 
of  charcoal. 

18.  Galbanum  is  the  concrete  gummy-refinous 
juice  of  an  umbelliferous  plant  of  Ethiopia, 
[Bubm  galbanunty)  and  is  brought  over  in  pale 
femi-tranfparent,  foft,  tenacious  mafles,  inter- 
mixea  with  clear  white  tears  of  the  fame  refin. 
This  juice  has  a ftrong  unpleafant  fmell,  and  a 
bitterifli,  warm  tafte.  ^Vhen  rubbed  with 
water  it  diflblves  into  a milky  emulfion,  and  has 
all  other  chemical  properties  of  the  gum  refins. 


19.  Gum  Ammomacum,  a gum  refin  brought 
from  the  Eaft  Indies,  compofed  of  Iniall  vi’hite 
lumps  or  tears,  more  brittle  than  moft  of  the  otlier 
gum-refins,  and  eafily  reduced  to  fine  powder 
in  cold  weather.  It  unites  perfc-<£Kv  with  water 
into  a milky  emulfion,  and  wate;-  and  alcohol  fe- 
parately  dilTolve  only  u portion  of  the  gum.  It 
is  fometimes  employed  in  a fmall  degree  in  the 
compufition  of  cements  and  varnilhes.  A hun- 
dred grains  charred  by  fulphuric  acid  give  58 
of  charcoal. 

20.  Opopanax  is  a ftrong-fmelling  gummy 
refmous  juice  procured  from  the  Pajlinnea 
opopanax,  and  brought  from  Turkey  and  the 
Eaft  Indies  in  fmall  round  drops  or  irregular 
lumps  o5  a reddilh  yellow  colour.  It  mingles 
perfe<21y  with  water,  and  agrees  in  chemical 
properties  with  the  other  gum  refin s. 

21.  Sngapenum,  is  a fetid  gum  much  refem- 
bling  afafoetida,  but  weaker  in  fenfible  proper- 
ties, it  is  brought  from  Alexandria,  in  foft 
irregular  mafles  flicking  to  the  fingers  when 
handled.  In  chemical  properties  It  agrees  very 
clofely  with  afafoetida. 

22.  Olibanum.  A gum  refin  brought  from 
Turkey  and  the  Eaft  Indies,  in  large  roundifh 
lumps,  femi-pellucid,  and  when  of  the  pureft 
kind,  of  a flight  yellow  colour.  When  chewed 
it  has  a bitterifli  pungent  tafte,  and  makes  the 
faliva  milky.  The  fmell  is  moderately  ftrong, 
and  not  difagreeable.  When  laid  on  a hot  iron 
it  burns  with  a ftrong,  penetrating,  and  rather 
fragrant  fmell,  and  is  fuppoled  to  have  been 
ufed  by  the  ancients  for  incenfe. 

23.  Gamboge.  For  a defeription  of  this 
valuable  gum,  fee  the  article  Gamboge. 

24.  Euphorbium  is  a juice  procured  from  a 
plant  of  this  name,  brought  chiefly  from  Barbary, 
in  drops  of  an  irregular  form  of  a pale  yellow, 
and  brittle.  This  gum-refin  has  but  little  fmell, 
but  the  tafte  is  one  of  the  moft  biting  and  acrid 
of  any  known  fubftance,  and  the  effe£l  on  the 
organs  remains  for  a confiderable  time.  It 
confifts  of  about  equal  parts  of  gum  and  refin. 

25.  Myrrh.  This  gum-refin  exfudes  from  a 
tree  which  grows  in  Abyffmia  and  many  parts 
of  Arabia,  but  is  little  known.  It  comes  over 
in  rounded  pieces  of  various  fize,  and  ftill 
more  varying  in  colour,  confiftence,  tafte,  and 
fmell.  The  beft  forfis  femi-tranfparent,  friable, 
un£luous  to  the  touch,  of  an  uniform  light  or 
reddifh  yellow  colour,  of  a ftrong  but  not 
ungrateful  fmell,  and  a flightiy  pungent  and 
very  bitter  tafte.  It  burns  with  fome  diihciflty. 

It  compleatly  diffolves  in  boiluig  water  WiR'n 
previoufly  pulverized^  but  on  cooling,  a yellow 
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refinous  fediment  falls  down.  The  fupernatant 
liquor  evaporated  nearly  to  drynefs  yields  a 
faponaceous  extra£l;,  which  retains  much  of  the 
flavour  of  the  myrrh.  Alcohol  digefted  with 
myrrh  forms  a very  ftrong-fmelling,  intenfely 
bitter  tin£l;ure,  of  a very  fine  golden  yellow 
colour,  which  is  made  turbid  by  the  addition 
of  water. 

Guaiacum.  This  fubftance  has  ufually  been 
reckoned  among  the  perfeft  refins,  but  late 
experiments  (though  they  are  not  compleat,) 
fhew  that  it  has  fome  very  peculiar  properties, 
fo  that  it  cannot  be  clafled  properly  either  with 
the  gums  or  refms. 

• This  gum  is  procured  from  the  Guaiacum 
•wood,  or  Lignum  vita,  which  is  a very  hard, 
ponderous  wood,  obvioufly  abounding  with 
refin,  and  as  it  were  foaked  in  it,  fo  that  it 
has  a peculiar  greafy  feel,  and  a very  ftrong 
and  peculiar  fmell  when  rubbed. 

Gum  guaiacum  is  brought  over  in  irregular 
mafles,  eafily  friable,  of  a dulky  green  colour. 
It  is  in  fome  degree  tranfparent,  and  it  breaks 
with  a vitreous  frafture.  When  pulverized,  it 
is  of  a grey  colour,  but  becomes  green  on 
expofure  to  air.*  It  melts  when  heated,  and 
gives  a very  pungent  aromatic  odour.  The 
fmell  is  fragrant;  it  gives  fcarcely  any  tafte  in 
the  mouth,  but  when  fwallowed,  it  excites  a 
ftrong  burning  fenfation  in  the  throat.  Mr. 
Hatchett  has  obferved  that  guaiacum,  though 
■apparently  a pure  refm,  differs  from  all  the  pure 
refms  in  giving  much  oxalic  acid  by  the  nitric, 
and  in  yielding  fcarcely  any  artificial  tannin 
with  the  nitric  acid.  Mr.  Brande  has  fince 
given  an  interefting  analyfis  of  this  fubftance. ** 

When  pulverized  guaiacum  is  digefted  in  a 
moderate  heat  in  diftilled  water,  an  opake 
folution  is  formed,  which  becomes  clear  on 
paffing  the  filter.  This  liquor  is  of  a greenifh 
brown  colour,  and  a fweetifh  tafte.  The 
muriats  of  alumine  and  tin,  and  nitrat  of  filver, 
all  caufe  a brown  precipitate,  and  when  the 
liquor  is  evaporated  an  extraSi  is  left.  One 
hundred  grains  of  guaiacum  yield  about  9 grs. 
of  this  extract,  which  alfo  contains  fome  fait  of 
iime,  as  fnewn  by  the  oxalic  acid. 

Alcohol  diflblves  guaiacum  with  eafe,  leaving 
about  5 per  cent,  of  extraneous  matter  undif- 
folved.  This  folution  i^  of  a deep  brown 
colour,  and  is  decompofed  by  water,  which 
feparates  the  refin  and  leaves  the  liquor  of  a 
milky  hue.  If  muriatic  acid  is  added  to  the 
alcoholic  folution,  the  refm  at  firft  feparates, 


which  an  excefs  of  the  acid  rediffolves.  Tlie 
addition  of  nitrous  ether  to  the  tin£fure  and 
fubfequent  dilution  wddi  water,  caufes  the  refm 
to  precipitate,  which  foon  acquires  a fine  blue 
colour,*^  and  this  change  of  colour  appears 
charaiTeriftic  of  the  refm  of  guaiacum,  and  has 
been  employed  as  a means  of  detedling  any 
adulteration.  Liquid  oxyinuriatic  acid  added 
to  the  tiudfure  alfo  precipitates  the  refin  imme- 
diately of  the  fame  blue  colour."*  Acetic  acid 
caufes  no  precipitate,  the  refin  being  readily 
foluble  in  this  acid.  Nitric  acid  diluted  with 
one  fourth  of  its  weight  of  w^ater,  turns  the 
tincture  green,  and  gives  a green  precipitate 
after  ftanding  fome  hours,  but  the  colour  foon 
changes  to  blue,  and  afterwards  to  brown. 

Alkalies  do  not  caufe  any  precipitation  in  the 
tindture. 

The  guaiacum  in  fubflanre  fhrws  the  follow- 
ing effedls  with  the  different  re.ig  'uts. 

Sulphuric  ether  diffolves  it  though  lefs  abun- 
dantly than  alcohol- 

Sulphuric  acid  adts  ©n  it  nearly  as  on  the 
other  refms,  and  finally  chars  it,  leaving  58 
gi's.  of  coal  from  100  of  the  refm.' 

Nitric  acid  adls  upon  it  in  a peculiar  manner: 
100  gr.e.  of  guaiacum  were  added  to  2 oz.  of 
this  acid  of  r.39  fp.  gr.*'  the  refm  at  firft  be- 
came of  a dark  green  colour,  a violent  effervef- 
cence  was  excited  with  the  produdfion  of  much 
nitrous  gas,  and  the  whole  was  diflblved  with- 
out the  affiftance  of  heat.  This  folution,  left 
at  reft  for  fome  hours,  depofited  cryftals  of 
oxalic  acid.  In  this  laft  circumftance,  and  in 
the  ready  folubility  in  cold  nitric  acid,  guaiacum 
differs  effentially  from  the  other  refms. 

Dilute  nitric  acid  adled  fomewhat  differently, 
and  diflblved  only  part  of  the  guaiacum,  and 
the  remainder  was  coiwerted  into  a chocolate 
brown  fubftance,  apparently  the  fame  as  that 
produced  by  adding  tlie  fame  acid  to  the 
tindlure  after  it  has  paffed  through  the  changes 
of  green  and  blue.  This  brown  fubftance  now 
more  compleatly  refembles  the  true  refms, 
being  equally  foluble  in  alcohol  and  ether,  and 
infoluble  in  water.  If  this  is  further  decom- 
pofed by  nitric  acid,  vin  the  way  mentioned 
by  Mr.  Hatchett,  it  is  converted  into  artificial 
tannin. 

The  alkalies,  pure  and  carbonated,  diflblve 
guaiacum  with  eafe. 

RETORT. 

An  article  of  chemical  apparatus,  for  an  ac- 
count of  which  fee  the  Appendix. 


a Murray,  Appar.  Med.  * I'hil.  Tranf.  forj8o6.  • Mcnch,in  Crell’s  Journal,  or  Murray,  Appar. 

MecJ>  vol  3.  ' Brande.  ‘ * Hatchett.  * Braude. 
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RHODIUM.  See  Platina. 

ROCHELLE  SALT.  See  Tartrite  of 
Potash  and  Soda. 

ROCK  CRYSTAL.  See  qpARTZ. 

ROCK  SALT.  Sec  Muriat  of  Soda. 
ROSES,  Attar  of.  See  Oils  vegetable,  eflen- 
tlal. 


ROSIN.  See  Turpentine. 
ROTTEN-STONE.  See  Tripoli. 

RUBY.  See  Spinel. 

RUBY  oriental.  See  Corundum. 

RUBY  OF  ANTIMONY.  See  Anti- 
mony. 

RUTHIL.  See  Titanium,  ores  of. 


S'. 


SACCHARUM  SATURNI,  or  Sugar  of 

Lead.  See  Lead,  acetite  of. 

SACCHOLACTIC  acid.  See  Milk, 
p,  loo.  and  Mucilage,  p.  ii2. 

SAFFLOWER.  Cmrihamus,  or  Bajlard  Saf- 
fron. 

This  plant,  the  flower  of  which  is  employed 
in  dyeing  and  colouring,  is  cultivated  in  Spain 
and  in  many  parts  of  the  Levant,*  from  which 
it  is  chiefly  imported. 

This  dyeing  material  contains  two  colouring 
matters,  a yellow  and  red,  the  former  of  thefe 
alone  is  foluble  in  water  and  is  comparatively 
of  little  value,  the  latter  is  foluble  in  alkalies 
and  precipitated  thence  by  feveral  acids  and 
forms  a beautiful  rofe-red  pigment.  This  is 
partly  ufed  for  filk  dyeing,  but  the  great  con- 
fumption  of  it  is  in  the  rouge  fo  celebrated  as  a 
cofmetic,  and  of  which  it  forms  the  elTential 
ingredient. 

To  prepare  the  carthamus  for  this  purpofe  it 
is  necelTary  firft  to  extract  the  yellow  portion, 
which  is  done  by  tying  the  plant  in  a linen  bag, 
and  then  wafhing  it  inceflantly  with  water, 
tifing  much  fqueezing  and  rincing  till  the  water 
paflTes  off  colourlefs.  The  refidue  in  the  linen 
bag  now  confifts  of  the  fibrous  part  of  the 
plant  and  of  the  valued  red  fecula,  which 
laft  however  is  in  very  fmall  quantity.  This 
ig  extracted  by  digelting  the  waflied  carthamus 
in  a folution  of  carbonat  of  foda,  (without  ap- 
plying artificial  heat  which  would  impair  the 
colour,)  and  this  gives  an  orange  yellow  alka- 
line folution,  which  on  faturation  with  acids 
turns  red,  and  gradually  depofits  a beautiful 
red  fecula  which  is  the  pigment  in  queftion. 
Lemon  juice  is  the  acid  preferred.  But  as  the 
colour  of  this,  red  fecula  is  extremely  intenfe 
it  will  bear  dilutions,  which  is  done  chiefly  by 
rubbing  it  with  finely  powdered  talc,  in  differ- 
ent proportions. 

Alcohol  will  alfo  dilTolve  the  red  part  of 
carthamusj  and  after  the  yellow  portion  has 


been  extracted  by  water,  a fine  red  tin£l:ure  i* 
made  by  digefting  the  refidue  in  alcohol. 

On  account  of  the  high  price  of  carthamus 
it  is  feldom  if  ever  employed  except  for  giving 
a finilhing  glofs  to  dyed  filks,  and  for  the  pre- 
paration of  rouge.  Alkalies  of  every  kind  im- 
mediately alter  the  colour  to  an  orange  yellow, 
again  reftorable  by  acids. 

SAFFRON  OF  MARS.  See  Iron,  p.613. 

SAHLITE.-  Sahliti.  Wern.  Malacolithe, 
Hauy. 

Its  colour  is  between  greyifh  green  and  pale 
leek  green.  It  occurs  in  mafs,  and  cryftallized 
in  fix-fided  prifms.  It  is  moderately  fhining 
with  a waxy  luftre.  Its  longitudinal  fra£fure 
is  lamellar  in  three  diredfions.  Its  fragments 
are  often  rhomboidaL  It  is  tranflucent  on  the 
edges ; its  hardnefs  is  about  equal  to  that  of 
glafs.  It  i^  very  fmooth  to  the  touch,  and  is 
eafily  frangible.  Sp.  gr.  3.23. 

It  is  fufible  before  the  blow-pipe  with  diffi- 
culty into  a porous  glafs.  Its  component  parts, 
according  to  Vauquelin,  are 
53.  Si  lex 
20.  Lime 
19.  Magnefia 

3.  Alumine 

4.  Oxyds  of  iron  and  manganefe 
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This  mineral  was  firft  difcovered  in  the  filver 
mines  of  Sahla  in  Sweden,  it  has  fmce  been 
found  at  Buoen  near  Auen  in  Norway. 

SAL  AMMONIAC.  Muriat  of  Ammonia.  ■ 
Salxaures  ammoniak.  Germ. 

This  neutral  fait,  confifting  of  muriatic  acid 
and  ammonia,  in  a ftate  of  mutual  faturation, 
was  not  unknown  to  the  ancients.  In  the  time 
of  Pliny  it  was  imported  into  Europe  from 
Egypt,  and  continued  to  be  furnifhed  by  the 
fame  country  to  the  various  States  of  modern* 
Europe,  till  within  the  laft  fifty  or  fixty  years. 


• BerthoUet  Elemens  de  la  Teinuir:.  Beckmann  Comment.  GottinT.  vol.  3 and  4.  Dufonr  An.  Chem.  Tom.  48, 
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?t  has  alfo  been  prepared  in  India  (probably  in 
the  f,  me  manner  as  in  Egypt)  trom  time  im- 
memorial. IJefore  treating  of  the  properties  of 
this  la  It  we  fltail  give  an  account  of  its  manu- 
facture, firll  in  Egypt,  and  then  in  the  various 
countries  of  Europe. 

^On  account  of  the  great  want  of  wood  in 
Egypt  the  principal  fuel  of  the  country  is  com- 
pofed  of  the  dung  of  camels,  cows,  and  other 
domeflic  graminivorous  quadrupeds,  mixed  up 
with  chopped  flraw  and  dried  in  the  fun.  The 
foot  produced  by  the  combuftion  of  this  fuel  is 
the  material  from  which  fal  ammoniac  is  pre- 
pared, by  fublimation.  The  veflels  made  ufe 
of  on  this  occafion,  are  very  thin  globular  glafs 
balloons,  with  a Ihort  neck  terminating  in  a 
mouth  about  i y inch  in  diameter.  The  largeft 
balloons  are  about  36  inches  acrofs,  but  they 
are  of  very  various  fizes,  being  capable  of  con- 
taining when  three-quarters  full,  from  12  to 
50  lbs.  of  foot.  In  order  to  fecure  them  as 
much  as  poflible  from  breaking  during  the  pro- 
cefs,  they  are  coated  with  a mixture  of  mud 
depofited  by  the  Nile,  and  chopped  ftraw. 

It  has  been  affirmed  by  the  Jefuit  le  Pere 
Sicard  and  fome  others,  that  the  foot  is  mixed 
with  a certain  proportion  of  common  fait  and 
camels’ -urine,  but  this  appears  to  be  a miftake; 
being  abfolutely  contradifted  by  the  moft  accu- 
rate enquirers.  From  thefe  it  appears  that  no 
other  ingredient  is  made  ufe  of  buf  foot,  with 
which,  moderately  prefled  down,  the  balloons 
are  filled  to  within  about  four  finger’s  breadth 
of  the  neck.  The  veflels  thus  charged  are  ar- 
ranged, to  the  number  of  60  or  70,  in  an  ob- 
long furnace  of  brick,  and  fecured  with  clay  fo 
that  their  necks  alone  are  in  conta£l:  with  the 
external  air.  The  furnace  is  now  very  gra- 
dually heated  by  means  of  ftravv  for  the  firfl; 
three  or  four  hours,  and  afterwards  with  a mix- 
ture of  ftraw  and  the  common  fuel  of  the 
country,  viz.  dried  dung.  In  the  courfe  of  fix 
or  feven  hours  a thick  fomewhat  acid  empyreu- 
matic  fmoke  begins  to  rife  out  of  the  balloons, 
and  continues  for  about  fifteen  hours.  The 
fublimation  of  the  fal  ammoniac  commences 
three  or  four  hours  before  the  fmoke  ceafes,  and 
continues  from  fifteen  to  forty  hours,  according 
to  the  fize  of  the  balloon,  without  any  further 
care  being  required  than  to  regulate  the  fire 
properly,  and  to  pafs  an  iron  rod  occafionally 
down  the  necks  of  the  balloons  to  prevent  them 
from  being  clogged  up  by  the  fait  as  it  rifes, 

* Lemere  in  Mem.  de  I'Acad.  des  Sciences,  1720,  p.  191, 
irol.  Lt.  p 504, 

* Jouru.  des  Mines,  No  lo,  p.  3. 


and  thus  producing  an  explofion.  When  the 
fublimation  ceafes,  the  fire  is  allowed  to  go  out, 
and  the  veflels  as  loon  as  they  are  fufficiently 
cool  are  removed  from  the  furnace  and  broken; 
the  cake  of  fal  ammoniac,  which  occupies  their 
upper  part,  is  in  the  form  of  a very  ffiallow 
bal'on,  and  weighs  on  an  average  fomewhat 
more  than  4 of  the  foot  employed;  it  has  ge- 
nerally a yellowifli  white  tinge  and  is  apt  to  be 
fouled  with  a little  charcoal,  efpecially  if  the 
heat  has  been  too  great. 

The  proportion  of  fait  from  a given  quantity 
of  foot  is  liable  however  to  confiderable  varia- 
tion: it  is  found  that  the  dung  of  the  fame 
animal  affords  a foot  much  richer  in  fait  when 
It  is  fed  on  freffi  vegetables  than  on  hay  and 
other  dry  food.  There  is  befides  a great  dif- 
ference in  the  foot  from  the  dung  of  different 
animals  fimilarly  circumftanced  as  to  food. 
According  to  Mr.  Granger,  the  Egyptian  fal 
ammoniac  makers  efteem  the  foot  of  cow-dung 
when  the  animal  is  fed  on  grafs,  to  be  by  far 
the  beft,  26  lbs.  of  this  affording  no  lefs  than 
' 6 lbs.  of  fait.  According  to  Ha^lquift,  how- 
ever, the  foot  from  the  dung  of  goats  and  fheep 
is  in  the  higheft  eftimation. 

In  this  very  Ample  manufafture,  the  fal  am- 
moniac appears  to  exift  ready  formed  in  the 
foot,  and  the  aftion  of  the  heat  is  confined  to 
the  mere  feparation  of  the  faline  from  the  other 
ingredients.  The  foot  itfelf  is  of  a deep  black 
colour,  has  very  fenfibly  the  tafte  of  fal  ammo- 
niac, and  when  ftrongly  heated  gives  out  a 
fulphureous  odour. 

In  Europe,  where  dung  Is  employed  to  better 
purpofe  than  for  fuel,  the  manufa£l;ure  of  fal 
ammoniac  is  a much  more  complicated  procefs, 
efpecially  when  carried  on  in  the  beft  and  moft 
economical  manner.  A kind  of  intermediate 
method  however  is  pra£lifed  with  fuccefs  in 
fome  eftabliffiments  in  the  Netherlands,  of 
which  the  following  are  the  principal  details.*^ 

A kind  of  fuel  capable  of  furniffiing  fal  am- 
moniac by  its  combuftion,  is  firft  prepared,  the 
ingredients  of  which  are 
25  parts  by  meafure  of  pulverized  pit  coal 

5 do. of  common  chimney  foot 

2 do.  of  clay 

To  thefe  is  added  a faturated  folution  of 
common  fait  in  fufficient  quantity  to  bring  the 
whole  to  a confiftence  for  being  moulded  into 
balls.  The  balls  arc  of  an  oval  form,  and 
after  being  dried  in  the  air  are  ready  for  ufe. 

Granger  in  ditto,  1735,  p.  107.  Haffelqaift  in  Phil.  Tranf. 
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The  apparatus  for  collefting  the  foot  produced 
by  the  combultion  of  this  fuel,  confifts  of  a 
brick  furnace  communicating  by  a flue  2 inches 
in  diameter,  with  a vaulted  chamber,  alfo  of 
brick,  from  the  oppofite  extremity  of  which 
there  pafles  out  a flue  of  the  fame  diameter  as 
that  already  mentioned,  terminating  in  a hori- 
zontal gallery,  at  the  end  of  which  is  the 
chimney.  The  furnace  is  charged  with  the 
balls  above  mentioned,  to  which  is  added  a 
fomewhat  variable  proportion  of  dry  bones ; and 
with  thefe  materials  an  incelTant  fire  is  kept  up 
for  from  four  to  fix  months.  At  the  expiration 
of  this  time,  the  vaulted  chamber  and  gallery 
are  opened  and  the  foot  with  which  they  are 
lined  is  fcraped  off  from  the  top  the  fides  and 
floor,  obferving  to  keep  the  foot  from  the  latter 
diftinft  from  the  reft. 

The  principal  new  combinations  that  take 
place  in  confequence  of  the  combuftion  appear 
to  be  the  following  : firft,  the  pit-coal  is  refolved 
into  gas  of  various  kinds,  into  empyreumatic 
oil  loaded  with  finely  divided  charcoal,  and  into 
carbonated  ammonia : the  foot  forms  carbonic 
acid,  and  alfo  gives  out  the  carbonated  ammonia 
which  it  contained  : the  bones  aflbrd  empyreu- 
matic animal  oil  and  carbonated  ammonia ; and 
the  common  fait  by  the  a£tion  of  the  clay  is  de- 
compofed,  its  alkaline  bafe  remaining  united  to 
the  earth,  and  its  acid  paffmg  in  a gaffeous  ftate 
into  the  chamber,  where  it  meets  with  and  de- 
compofes  the  carbonated  ammonia,  forming  fal 
ammoniac.  Hence  the  contents  of  the  foot 
colle£led  in  the  chamber  are  carbonaceous  mat- 
ter, muriat  of  ammonia,  and  empyreumatic 
bituminous  oil ; the  latter  of  which  is  particu- 
larly abundant  in  the  foot  that  concretes  on  the 
floor. 

To  feparate  the  fal  ammoniac  from  the  other 
ingredients  fublimation  is  had  recourfe  to,  and 
is  thus  performed.  Several  egg-lhaped  jars, 
made  of  earthenware,  about  20  in  hes  high  and 
16  in  diameter,  with  a mouth  inches  wide, 
are  fixed  in  a furnace,  and  as  foon  as  they  are 
become  moderately  warm  are  charged  with 
foot,  broken  into  fmari  pieces,  to  within  three 
inches  of  their  mouths  •,  a duly  regulated  heat 
is  then  kept  up  for  48  hours,  in  which  time  the 
volatile  oil  firft  rifes  and  paffes  out  into  the  air, 
then  the  fal  ammoniac  fublimes  and  fixes  itfelf 
to  the  upper  part  of  the  jars,  while  the  earthy 
and  carbonaceous  impurities  remain  at  the 
bottom  : the  vefl'els  are  then  broken  and  the 
cakes  of  fait  extrabled.  Fifteen  pounds  of  foot 


afford  on  an  average  about  5 lbs  of  muriated 
ammonia.  The  foot  from  the  floor  of  the 
chamber  is  too  much  loaded  with  bitumen  to 
admit  of  the  fait  being  extrafted  from  it  by 
Ample  fublimation,  and  the  moft  economical 
way  of  treating  it  is  to  burn  it  over  again,  by 
w'hich  the  bitumen  is  deftroyed,  and  the  fal 
ammoniac  mixed  with  the  foot,  rifes  uninjured 
into  the  chamber. 

The  method  of  carrying  on  the  manufafture 
of  this  fait  in  England,  though  more  compli- 
cated -han  the  above,  is,  we  apprehend,  confide- 
rably  more  economical.  The  following**  was 
the  a£lual  practice  at  a large  eftablifhment  near 
London,  wliich  was  abandoned  a few  years  ago 
In  confequence  of  Glauber’s  fait  being  fubjeifted 
to  the  excife. 

The  material  from  which  the  ammonia  was 
extracted  was  bones.  Thefe  were  collected 
in  the  ftreets  and  from  dunghills,  chiefly  by  old 
women.  The  bones  having  been  thus  procured, 
were  chopped  into  fmall  pieces  either  by  hatchets 
or  machinery,  and  then  boiled,  in  order  to  extraeft 
the  greafe  or  fat  and  marrow  remaining  in  them, 
which  was  fold  to  the  foap-boilers.  The  bones 
were  then  thrown  into  a cylindrical  iron  ftill, 
about  3 feet  In  diameter,  and  8 or  9 feet  long, 
laid  horizontally  over  a fire-place,  fo  as  to  be 
capable  of  being  made  moderately  red-hot.  At 
one  end  of  the  cylinder  was  a mouth  about  14 
inches  in  diameter,  by  which  the  bones  were 
introduced,  and  furnifhed  with  a cover  capable 
of  clofing  it  accurately  by  the  help  of  a little 
lute.  From  the  other  end  of  the  cylinder  pro- 
ceeded a caft  iron  pipe,  from  6 to  8 inches 
in  diameter,  and  18  or  20  feet  long,  terminating 
in  one  or  more  oblong  leaden  receivers,  wliich 
were  kept  cool  by  water,  placed  in  a veffel  of 
the  fame  materials,  the  bottom  of  which  formed 
their  cover,  the  jumfture  being  fecured  by  lute. 
Of  thefe  receivers  there  were  commonly  two  to 
each  ftill,  or  three  to  two  ftills.  Every  receiver 
was  about  12  feet  long,  i foot  deep,  and  14 
inches  wid  and  the  refrigeratory  which  covered 
it  held  about  4 inches  in  depth  of  water  : at  the 
end  the  moft  remote  from  the  ftill  was  a pipe, 
fitted  with  a wooden  plug  for  the  purpofe  of 
drawing  off  the  condenfed  liquor,  and  above  this 
was  a hole  through  which  the  gas  and  Incon- 
denfible  vapour  paffed  off  Into  the  open  air. 

A Angle  charge  of  each  ftill  yielded  about 
gflbs.  of  impure  alkaline  liquor,  and  about 
3clbs.  of  black  fetid  oil  floating  upon  its  furface. 
This  latter  being  Ikimmed  off,  the  alkali  was 
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fall! rated  with  fulphuric  acid,  either  by  the  ad- 
dition of  the  mother  liquor  from  the  green  vitriol 
makers  (confifting  for  the  moft  part  of  red  ful- 
phat  of  ii'on)  •,  or  ftill  more  eeonomically  by 
me<ms  of  calcined  and  pulverized  gypfum  : in 
this  latter  cafe  after  mixing  the  materials  and 
ftirring  ihem  well  together,  they  are  to  be  left 
at  relt  for  fome  hours,  during  which  a double 
decompofition  takes  place,  the  fulphat  of  lime 
yielding  part  of  its  acid  to  the  ammonia,  and  at 
the  fame  time  depriving  this  latter  of  its  car- 
bonic acid.  The  folution  of  fulphat  of  ammonia 
thus  produced  is  then  mixed  with  common  fait, 
by  which  another  decompofition  takes  place, 
the  alkali  of  the  former  and  the  acid  of  the  latter 
uniting  to  form  muriat  of  ammonia,  while  the 
two  remaining  ingredients  produce  by  their 
combination  fulphat  of  foda. 

The  liquor  containing  thefe  two  falts  is  then 
clarified  by.  fubfidence  and  decantation,  and 
transferred  into  oblong  leaden  boilers,  about  9 
feet  long,  3 wide,  and  9 inches  deep.  The 
boilers  are  fet  for  about  -§■  of  their  length  on 
iron  plates,  heated  by  a fire  beneath,  the  re- 
maining part  being  fupported  by  flat  tiles  de- 
fended by  folid  brick-work  from  the  accefs  of 
the  heat.  As  the  water  evaporates  the  Glauber 
fait  begins  to  cryftallize,  and  is  fwept  from  time 
to  time  to  the  cool  extremity  of  the  boiler, 
whence  it  is  (hovelled  out  into  baflcets  arranged 
over  the  end  of  the  boiler,  that  the  liquor  which 
drains  from  the  fmall  granular  cryftals  may  not 
be  loft.  The  evaporation  is  continued  for 
feveral  hours,  till  as  much  as  polTible  of  the 
Glauber’s  fait  has  been  feparated,  and  the  muriat 
of  ammonia  begins  to  cryftallize  on  the  furface 
of  the  liq»or  in  the  form  of  feathered  ftars. 
The  remaining  fluid  is  then  run  off  into  coolers, 
and  depofits  little  elfe  than  muriat  of  ammonia, 
till  it  gets  bejow  the  temperature  of  70°  Fahr. 
at  which  time  the  cryftals  are  to  be  removed, 
left  they  ftiould  be  mixed  with  Glauber’s  fait, 
w'hich  now'  begins  to  be  again  depofited.  After 
the  mui'iat  of  ammonia  has  been  fuffered  to 
drain  in  the  baflcets,  it  is  removed  to  a kind  of 
oven,  or  even  an  open  tiled  hearth  heated  from 
below,  where  the  water  of  cryftallization  is 
driven  off,  by  w'hich  the  fait  becomes  fpungy, 
friable,  and  of  an  afh  or  flate  colour,  interiperfed 
with  fmall  white  filaments. 

The  fait  is  now  removed  wdiile  hot  into  glo- 
bular glafs  receivers,  or  more  commonly  glazed 
earthen  jars,  fitted  with  a cover  (having  a hole 
of  above  half  an  inch  diameter  in  its  centre) 
luted  on  with  a mixture  of  clay  and  horfe-dung. 
Thefe  are  fet  in  iron  pots  over  a ftrong  fire,  in 


a furnace  of  either  a circular  or  oval  form,  and 
capable  of  containing  from  fix  to  eighteen,  fur- 
rounded  with  fand  up  to  the  edge  of  the  pot, 
and  alfo  having  about  two  and  a half  inches  of 
fand  on  the  cover,  confined  by  an  iron  ring  about 
three  inches  deep,  and  two  inches  lefs  in  dia- 
meter than  the  cover,  in  order  that  if  the  luting 
fhould  give  way  in  any  part,  it  may  be  repaired 
without  fuffering  the  covers  (which  fhould  be 
kept  during  the  fublimation  at  about  320°)  to 
be  cooled  by  the  removal  of  a large  portion  of 
the  fand.  Thefe  earthen  pans  may  be  filled  to 
within  two  inches  of  the  top,  with  the  dried 
fait  gently  prefl'ed  in,  but  not  rammed  clofe ; 
and  the  fire,  w'hich  has  been  lighted  fome  time 
before,  is  now  to  be  raifed  gradually  till  the 
iron  pots  are  of  a pretty  ftrong  red  heat  all 
round,  being  fo  placed  in  the  furnace  that  the 
upper  part  may  be  firft  heated,  the  bottom  refting 
on  folid  brick-work.  During  the  firft  impref- 
fion  of  the  heat  a portion  of  the  fait  carrying 
with  it  a quantity  of  watery  vapour  not  fepa- 
rated on  the  drying  place,  will  efcape  through 
the  hole  in  the  cover,  which  muft  be  l^ft  open 
till  all  the  aqueous  particles  are  exhaled  : this  is 
known  by  bringing  a piece  of  cold  fmooth  iron 
plate  near  the  hole  in  order  to  condenfe  the 
fublimate,  which,  becoming  more  and  more  dry, 
at  length  attaches  itfelf  firmly  to  the  plate,  in 
the  form  of  a dry  femi-tranfparent  cruft.  At 
this  time  the  hole  is  to  be  ftopped  with  a bit  of 
lute,  more  fand  is  to  be  put  on  the  cover,  and 
the  heat  continued  till  it  is  judged  that  nearly 
the  whole  of  the  muriat  of  ammonia  is  fublimed. 
The  time  requifite  for  this  purpofe  depends  on 
the  ftru£lure  of  the  furnace,  the  fize  of  the  pots, 
the  briflenefs  of  the  fire,  and  other  circumftances 
only  to  be  learnt  by  experience.  The  procefs 
fliould  be  ftopped  before  the  fublimation  has 
entirely  ceafed,  as  the  heat  in  fome  parts  of  the 
jar  may  be  too  great  when  it  is  nearly  empty, 
and  either  by  burning  a part  of  the  fait  itfelf,  or 
elevating  a portion  of  foreign  matter  from  which 
it  can  never  be  kept  wholly  free,  give  the  cake 
a yellow  tinge,  and  a fcorched,  opake,  crackled 
appearance.  The  fame  defetfts  are  likely  to 
happen,  when  any  part  of  the  luting  having 
given  way,  is  obliged  to  be  repaired  by  wet  lute, 
when  the  fublimation  is  pretty  far  advanced  : 
confequently  glafs  veflels  are  preferable,  except 
on  account  of  the  expence,  as  they  muft  always 
be  broken  to  pieces  in  order  to  get  out  the  cake  : 
the  jars  on  the  contrary  will  ferve  for  feveral 
fublimations,  even  the  covers,  if  well  glazed, 
will  laft  two  operations.  The  fublimation 
being  finiflied  and  the  apparatus  having  become 
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fufliciently  cool,  the  tops  of  the  jars  are  to  be 
taken  off,  and  the  cakes  of  fal-ammoniac  that 
are  found  adhering  to  them  are  to  be  feparated, 
and  placed  for  a day  or  two  in  a damp  atmof- 
phere,  which  foftens  their  furface  a little,  and 
thus  facilitates  the  removal  of  any  fuperficial 
impurities.  Laftly,  the  cakes  are  packed  up  in 
casks  for  fale. 

The  following  is  a table  of  the  proportions 
of  dry  carbonat  of  ammonia  afforded  by  different 
fub fiances : 

Horn  - . . j. 

Feathers  - - ■— 

Wool  - . . i 

Soot  - - - tV 

Bones  - - yt 
Blood  - - - tV 

Putrid  urine  - 

In  common  manufadlories  the  dry  carbonat 
yields  rather  lefs  than  f of  fal-ammoniac.  In 
mofl  of  tlie  Scotch  manufadlories  foot  is  ufed 
inflead  of  bones,  thefe  latter  being  only  to  be 
procured  abundantly  in  the  vicinity  of  a very 
large  town. 

Muriat  of  ammonia  prepared  by  any  of  the 
above  methods,  pofl'effes  the  following  proper- 
ties. It  has  no  fmell.  To  the  tafte  it  is  bitter, 
pungent,  and  urinous,  and  at  the  fame  time 
cooling : its  colour,  when  perfeflly  pure,  is  a 
bluifh-white ; its  texture  when  fublimed  is  fi- 
brous : it  is  tough,  moderately  elaflic,  and  fome- 
what  dudlile,  and  hence  is  not  very  eafily  redu- 
cible to  powder.  Its  primitive  cryftalline  form  is 
the  regular  oflohedron,  but  when  cryftallized 
from  its  folution  in  water  it  is  either  in  long 
tetrahedral  pyramids  or  in  flaky  feathered  cryf- 
tals  : when  fublimed  it  fometimes  forms  rhom- 
boids, approaching  very  nearly  to  the  cube : 
the  former  cryftals  are  fomewhat  deliquefcent, 
but  the  latter,  as  well  as  every  other  fublimed 
variety  of  this  fait,  are  permanent  in  the  air. 
Sp.  gr.  I . .2. 

It  is  foluble  in  about  thrice  its  weight  of 
water  at  the  ordinary  temperature,  and  produces 
much  cold  during  the  folution  : boiling  water 
takes  up  its  own  weight  of  this  fait,  part  of 
which  as  the  folution  cools  is  depofited  in  beau- 
tiful feathery  cryftals. 

When  expofed  to  a dry  heat  fomewhat  ex- 
ceeding that  at  which  lead  melts,  it  begins  to 
rife  in  the  form  of  a white  vapour  (without 
previoully  entering  into  fufion)  which  has  a 
peculiar  odour,  and  attaches  itfelf  to  cool  fur- 
faces.  It  is  generally  reprefented  as  under- 
going no  change  by  this  procefs,  but  according 
to  Beaume,  after  repeated  fublimations  it  begins 


to  be  decompofed,  a little  ammonia  being  firft 
difcharged,  and  afterwards  feme  muriatic  acid 
gas. 

Muriat  of  ammonia  is  decompofable  with 
abftr<.£tion  of  its  acid  by  the  cauftic  fixed  alka- 
lies and  by  all  the  alkaline  earths,  more  efpeci- 
ally  if  a moderate  heat  is  applied  : the  ammo- 
nia is  volatilized  in  the  form  of  gas,  and  the 
acid  remains  behind  in  combination  with  the 
added  alkali.  If  a carbonated  inftead  of  a pure 
alkali  is  employed,  and  fublimation  is  had  re- 
courfe  to,  the  ammonia  rifes  in  a mild  or  carbo- 
nated ftate. 

Many  of  the  metals  and  metallic  oxyds  are 
alfo  capable  of  decompofing  muriat  of  ammonia 
in  the  dry  way,  ammoniacai  gas  being  difen- 
gaged,  and  the  metal  remaining  behind  in  the 
ftate  of  muriat.  It  is  a remarkable  circum- 
ftance  that  many  metals  when  thus  treated  are 
converted  into  muriated  oxyds,  although  liquid 
muriatic  acid  has  no  efFeft  upon  them,  thus 
mercury  when  triturated  accurately  with  fal- 
ammoniac  and  heated,  difengages  ammoniacai 
gas,  and  muriated  mercury  is  the  refult,  if 
however  an  excels  of  ammoniacai  muriat  is 
prefent,  this  excels  combines  with  the  muriat 
of  mercury,  forming  the  fal-alembroth,  as  we 
have  mentioned  under  the  article  Mercury. 
Silver  by  a fimilar  treatment  decompofes  fal 
ammoniac,  and  is  itfelf  converted  into  luna 
cornea. 

Sulphuric  acid  is  capable  of  decompofing 
muriat  of  ammonia  by  diftillation,  the  muriatic 
acid  being  volatilized  and  fulphat  of  ammonia 
remaining  in  the  retort.  Nitric  acid  and  mu- 
riat of  ammonia  re-a£l  upon  each  other  •,  the 
muriatic  acid  being  liberated  from  its  bafe  by 
part  of  the  nitric  acid,  while  another  portion 
of  the  fame  is  decompofed,  and  its  oxygen 
pafles  to  the  muriatic  acid,  thus  converting  it 
into  the  oxymuriatic  : hence  the  old  chemifts 
were  in  the  habit  of  compofing  an  aqua  regia, 
by  difiblving  fal  ammoniac  in  nitrous  acid,  for 
diflblving  gold  ; the  occafional  bad  confequences 
of  which  we  have  mentioned  when  treating  of 
that  metal. 

The  a£lion  of  nitre  and  fal  ammoniac  in 
folution  has  not  been  inveftigated  ; but  if  the 
latter  fait  is  added  to  nitre  in -fufion  a partial 
deflagration  takes  place,  no  doubt  in  confe- 
quence  of  the  mutual  decompofition  of  the 
ammonia  and  nitric  acid. 

According  to  Gellert  a boiling  hot  folution 
of  muriated  ammonia  is  capable  of  diflblving 
vegetable  rtlfin. 

The  a£lion  of  fulphur  and  fal  ammoniac  ou 
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each  oiher  has  been  fcarcely  examined  into. 
Pctt  affirms,  that  if  one  part  of  the  former  and 
two  of  the  latter  are  fub limed  together,  the  in- 
flammability of  the  fulphur  is  deltroyed. 

The  water  of  compofition  contained  in  fal 
ammoniac  is  the  fame  in  quantity  according  to 
Beaume,  whether  the  fait  is  fublimed,  or  cryf- 
tallized  from  its  aqueous  folution.  With  tins 
Mr.  Kirwan  agrees,  who  ftates  the  component 
parts  of  fal  ammoniac,  whether  fublimed  or 
cryftallized,  at 

42.75  Muriatic  acid 
25.  Ammonia 
32.25  Water 
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The  ufes  of  fal  ammoniac  are  confiderable. 
Befide  being  employed  in  the  laboratory  as  the 
fubhance  from  which  pure  and  carbonated  am- 
monia are  procured,  it  is  ufed  in  fubftance  by 
the  dyer,  the  refiner  of  gold,  the  copper-fmith, 
and  the  manufadifurer  of  tin-plate. 

SAL  AMMONIAC,  NATIVE.  Natur- 
licher  Salmiak.  Wern. 

Its  colour  is  greenifh-white,  paffing  to  apple- 
green,  or  browniffi-black.  It  occurs  in  thin 
fuperlicial  efflorefcences,  or  maffive,  or  ftaladli- 
cal,  or  rarely  in  minute  imperfedl  cryftals. 
It  has  in  general  a flight  vitreous  luftre.  Its 
fradfure  is  fine-grained  uneven.  It  is  foft,  often 
friable.  It  has  a pungent  bitter  faline  tafte. 
In  chemical  charadters  It  agrees  with  the  manu- 
fadlured  fait. 

It  is  found  fublimed  in  the  crevices  of  volca- 
noes •,  fuch  as  Etna,  Vefuvius,  the  Solfatara, 
and  the  LIpari  iflands. 

SAL  DIURETICUS.  See  Acetite  oe 
Potash. 

SAL  GEM.  See  Muriat  of  Soda  Native. 

SAL  M ARTIS,  Is  the  green  Sulphat  of 
Iron. 

SAL  POLYCHREST,  is  Sulphat  of  PotaJIj 
calcined  with  a very  fmall  portion  of  fulphur, 
formerly  ufed  In  medicine. 

SAL  PRUNELLA,  is  Nit  rat  of  Pofafiy 
from  which  the  water  of  cryfialllzation  has  been 
expelled  by  fufion. 

SALIVA.  This  fluid,  analyzed  by  Vauquelin, 
was  found  to  confifl:  of  water  holding  in  folution 
a fmall  quantity  of  mucus  and  muriat  of  foda. 

SALT.  ^ This  term  has  been  fo  varioufly  ap- 
plied that  it  is  fcarcely  poffible  to  give  an  accu- 
rate definition  of  it.  The  general  and  the  moft 
antient  idea  of  a fait  is,  a cryilallizable  fnbftance, 
isonfiderab’y  foluble  in  water,  and  highly  fapid. 


but  the  term  is  at  prefent  applied  to  all  the  cryf- 
tallizable  acids  or  alkalies,  or  earths,  or  combi- 
nations of  acids  with  alkalies,  earths,  or  metallic 
oxyds.  Hence  tne  common  and  ufeful  diftinc- 
tion  of  the  compounded  lalto  into  alkaline,  earthy, 
and  metallic.  In  fo  doing  however,  and  by  in- 
cluding all  the  cryftaliizable  combinations  of 
acids  and  bafes,  fome  compounds  have  got  the 
name  of  falts  which  want  the  primary,  and 
what  would  formerly  have  been  confidered  as 
elTential,  qualities  of  folubility  and  fapidity,  of 
which  fulphat  of  barytes  is  an  example,  which 
is  abfolutely  infoluble  in  water  and  taftelefs.  It 
is  ftill  however  cryftaliizable  or  found  cryftal- 
lized, which  appears  to  be  an  invariable  cha- 
rafter  of  a fait.  Thus  this  appellation  was 
long  denied  to  carbonat  of  magnefia,  till  the 
difcovery  of  the  cryftaliizable  foluble  carbonat 
of  this  earth. 

There  are  many  triple  combinations  alfo  of 
thefe  Ingredients  which  belong  to  the  clafs  of 
falts,  fuch  as  alum,  tartarized  antimony,  &c. 

Salts  are  alfo  either  neutral  (that  is  where  the 
ingredients  are  in  exa£l:  faturation)  or  with  the 
acid  in  excefs,  of  which  tartar  is  an  example, 
or  with  an  excefs  of  the  bafe,  as  in  borax- 
Thefe  circumftances  have  been  ingenioufly  dif- 
tinguiffied  in  nomenclature  by  Dr.  Thomfon, 
by  the  prefix  fuper  in  the  firft  cafe,  and  fub  in 
the  latter.  Thus  tartar  is  named  with  propriety 
the  fuper-tartrite  of  potajh  ; borax,  the  fuh-borat 
of  foda.  Sec. 

The  chemiftry  of  falts,  taken  in  the  moft  ex- 
tended fenfe,  forms  by  far  the  largeft  part  of 
the  whole  fcience. 

The  term  Salt  is  alfo  ufed  emphatically  for 
common  fait,  or  muriat  of  foda. 

SALT  Bitter,  Purging,  or  Epfom.  See  Sul- 
phat c/"  Magnefia. 

SALT  Glauber's.  See  Sulphat  of  Soda. 

SALT  of  Hartshorn.  See  Carbonat  of  Am- 
monia. 

SALT  Sedative.  See  Boracic  Acid. 

SALT  of  Seignette  or  Rochelle.  See  Tar- 
trite  of  Soda  and  Potefh. 

SALT  of  Silvius.  See  Acetite  of  Potafi. 

SALT  of  Sorrel.  See  Oxalat  of  Potafh. 

SALT,  Spirit  of.  See  Muriatic  Acid. 

SALT  of  Tartar  1 See  Carbonat  of 

SALT  of  Wormviood  f Potafh. 

SALTPETRE.  See  Nitrat  of  Potafh. 

SANDARACH.  See  Arsenic,  Sulphuret 

SAND-BATH.  See  the  Appendix  on  Che- 
mical Apparatus- 
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SANDIVER,  is  the  fcum  and  fediment  of 
tEe  large  crucibles  ufed  in  the  making  of 
Class,  which  fee. 

SAND.  Sand,  Germ.  Sable,  Fr. 

SANDSTONE.  Sandjlein,  Germ.  Gres.  Fr. 

The  efleiitial  component  part  of  fanditone  is 
■quartz  in  rounded  grains  of  various  fizes,  from 
•the  fmalleft  that  are  vifible  to  the  naked  eye  to 
thofe  that  are  about  the  magnitude  of  a muf- 
tard  feed.  All  fandftones  are  ftratified,  but  in 
fome  beds  there  alfo  occur  pretty  regular  fif- 
fures  in  two  dire£i:ions  perpendicular  to  the 
ftratification,  thus  dividing  the  ftone  into  pa- 
Tallclopip-’dal  mafles.  When  difintegrated  it 
forms  Sand. 

There  are  feveral  diftin£l:  formations  of 
fandftone,  but  mineralogifts  are  by  no  means 
as  yet  agreed  with  refpeft  to  their  number;  the 
four  following,  however,  are  made  out  with 
tolerable  accuracy. 

1.  Primitive  calcareous  fandftone. 

Its  colour  is  for  the  moft  part  greyifh  or 
greenifti  grey.  It  occurs  in  mafs.  Its  fradlure 
is  fplintery  ; its  fragments  are  blunt-edged;  it 
is  tranflucent  at  the  edges,  is  moderately  hard, 
giving  a few  fparks  when  ftruck  againft  the 
fteel.  It  effervefces  with  acids,  and  when  its 
calcareous  cement  is  diflblved  out,  there  re- 
mains a very  friable  mafs  of  fine  white  fand. 
It  does  not  appear  to  contain  any  extraneous 
minerals.  It  refts  upon  gneifs  and  large-grained 
granite. 

2.  Ferruginous  fandftone. 

The  colour  of  this  is  for  the  moft  part 
ochery  red  or  reddifh  brown,  fometimes  though 
rarely  it  is  yellowifh  white.  Its  frafture  is 
very  coarfe  fplintery;  it  is  opake  and  foft,  be- 
ing reduced  to  fand  by  a moderate  blow.  It 
feldom  effervefces  with  acids,  its  cement  being 
alnioft  always  iron  ochre  with  a little  clay.  It 
readily  difintegrates  by  expofure  to  the  wea- 
ther. It  contains  not  unfrequently  extraneous 
minerals,  fuch  as  reddle  in  fmall  fragments,  vi- 
treous copper  and  other  ores  of  this  metal,  and 
very  rarely  galena,  alfo  petrified  wood.  In 
Thuringia  it  is  covered  with  bituminous  mar- 
lite. 

3.  Gritftone. 

Of  this  there  are  two  varieties,  the  compasft 
and  fchiftofe. 

The  former  is  of  a greyifh  white  colour, 
fometimes  fpotted  or  ftriped  with  ochre  yel- 
low. Its  fra£Iure  is  coarfe  fplintery.  It  very 
rarely  effervefces  with  acids.  It  is  harder  than 
the  preceding  and  gives  lively  fparks  when 
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ftruck  againft  the  fteel.  It  is  not  readily  dc- 
compofed  by  expofure  to  the  air. 

The  fchiftofe  grit  differs  from  the  preceding 
in  its  fratfture  which  is  coarfe  flaty,  and  in 
being  more  eafily  pulverizable.  It  is  fonie- 
times  intimately  mixed  with  clay  and  then 
forms  the  common  jlag-Jlone,  in  which  ftate  its 
crofs  fraflure  is  earthy,  and  it  contains  im- 
preflions  of  fliells. 

Gritftone  generally  occurs  in  the  indepen- 
dent coal-formation,  and  contains  few  extraneous 
minerals  except  mica  which  is  particularly 
abundant  in  the  fchiftofe  variety.  The  elaftic 
quartz  or  flexible  fandftone  of  South  America, 
appears  only  to  be  a kind  of  fchiftofe  grit. 

4.  Soft  calcareous  fandftone.  Molaffe,  Fr. 

The  ufual  colour  of  this  is  light  greyifh  or 
yellowifti.  Its  fraffure  is  coarfe  fplintery,  pafT- 
ing  into  granular.  It  is  foft,  and  when  in  the 
quarry  is  almoft  friable,  but  hardens  by  expofure 
to  the  air.  Its  cement  is  calcareous. 

It  occurs  alternating  with  oolite  and  the  other 
moft  recent  varieties  of  limeftone. 

The  ufes  of  fandftone  are  very  confiderable. 
It  is  the  ftone  moft  commonly  employeil  in 
architetfture ; the  fchiftofe  varieties  are  ufed  as 
flag-ftones,  and  for  covering  houfes,  for  which 
laft  purpofe  however  they  are  inferior  to  flate; 
the  harder  kinds  of  gritftone  are  made  into 
grindftones,  and  on  account  of  their  infufibility 
are  employed  for  lining  furnaces,  &c. 

SAP.  The  fap  of  trees  is  a watery  mucila- 
ginous liquid,  often  ftrongly  faccharir.e,  fo  as 
even  to  yield  a large  quantity  of  fugar,  and  to 
furniflr  a very  ftrong  fermented  liquor,  and 
containing  fovcral  other  faline  fubftances.  It 
appears  to  vary  confiderably  in  its  compofition, 
and  to  fall  very  far  fltort  of  the  uniformity 
which  diftinguilhes  the  common  juice  of  ani- 
mals. 

The  mode  of  extrafting  Sugar  from  the  fap 
of  the  maple,  will  be  mentioned  under  that 
article. 

VGuquelin  has  made  an  ufefui  though  in- 
complcat  analyfis  of  the  fap  of  feveral  of  the 
comnjon  trees,  chiefly  with  a view  to  the  faline 
and  earthy  contents,  and  has  difeevered  the 
prefence  of  acetite  of  potaftr  in  all  of  them, 
which  entitles  the  acetous  acid  to  be  ranked 
among  the  native  acids  as  well  as  being  a pro- 
du£I  of  fermentation.  • 

The  following  is  a fhort  abftra£l;  of  Vauque- 
lin’s  experiments.^ 

Sn/>  of  the  FJm.  This  juice,  which  was  col- 
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lefted  in  the  fpving,  has  a yellowifli  red  colour 
and  mild  and  mucilaginous  tafte,  and  {hews 
no  excefs  of  acid. 

Ammonia  produces  an  abundant  yellowilh 
precipitate,  refoluble  in  acids  with  effervef- 
cence,  and  which  confifls  chiefly  of  carbonated 
lime  with  a little  vegetable  matter.  Barytic 
and  lime-w'ater  produce  the  fame.  Oxalic  acid 
and  nitrat  of  filver  give  a white  precipitate,  ful- 
phuric  acid  excites  a ftrong  effervefcence,  and 
the  gas  has  a powerful  fmell  of  acetous  acid. 
Oxymuriatic  acid  gives  a yellow  precipitate, 
and  alcohol  a flocculent  one.  This  liquor  was 
analyfed  in  the  following  way;  1039  grammes 
were  heated  in  an  open  veflel  and  during  the 
evaporation  a brown  earthy  matter  gradually 
fell  down  and  fixed  to  tire  Tides  of  the  veflel. 
When  nine-tenths  of  the  liquid  were  wafted  by 
flow  evaporation  the  refidue  was  cooled,  and 
the  brown  earth  w^as  feparately  treated  with 
muriatic  acid  which  diflblved  a portion  with 
effervefcence,  and  left  an  infoluble  portion, 
which  when  waftied  and  dried  amounted  to 
637  grammes.  The  muriatic  folution,  decom- 
pofed  by  carbonated  potalh  gave  0.5  grammes 
of  carbonat  of  lime.  The  evaporated  liquid 
freed  from  the  earthy  depofit,  ftill  contained 
much  flocculent  matter  which  was  feparated 
by  filtration  and  weighed  when  dry  43  gram- 
mes, part  of  which  diflblved  in  muriatic  acid, 
and  produced  by  precipitation  .318  grammes  of 
carbonat  of  lime,  and  .42  i of  infoluble  vegeta- 
ble matter  remained.  The  concentrated  and 
filtered  liquor  was  finally  evaporated  to  drynefs 
and  gave  9-553  grammes  of  a grey  extra£f, 
ftrongly  deliquefeent,  and  with  a pungent  faline 
tafte.  'Sulphuric  acid  added  to  it  gave  a ftrong 
fmell  of  radical  vinegar,  and  a notable  quantity 
of  this  latter  acid  was  procured  by  diftilling 
the  extra£f  with  fulphuric  acid. 

The  author  eftlmates  the  above  1039  gram- 
mes of  fap  to  contain  .795  grammes  of  car- 
bonat of  lime;  1.06  of  vegetable  matter;  and 
9.24  of  acetite  of  potafh.  The  latter  however 
is  probably  given  by  eftimation  from  the  quan- 
tity of  acetous  acid  obtained  by  diftiilation,  and 
is  therefore  liable  to  much  uncertainty,  and  if 
the'  particulars  of  the  analyfis  are  corredlly 
given,  the  carbonat  of  lime  ought  to  be  .818 
(.3 i8-j— 5}  biltead  of  .795.  The  accuracy  of 
thefe  numbers  however  is  of  lefs  importance,  as 
there  is  no  doubt  that  flie  varieties  of  foil,  fea- 
fon,  climate,  &c.  influence  much  the  compo- 
fition  of  the  fap. 

Sap  of  tht  JJb.  This  juice  had  a reddifh 
broY/n  colour,  and  an  aftringent  tafte  like  the 


infufion  of  tan.  With  reagents  It  was  fimilar 
to  the  laft,  except  that  fulphat  of  iron  was 
blackened  with  this  fap,  and  animal  jelly  gave 
a precipitate.  It  contained  a little  acid  in  ex- 
cefs, a calcareous  fait,  gallic  acid  and  tan,  be- 
fides  a vegetable  extraft,  and  a flight  trace  of 
ammonia.  The  extradf  left  after  evaporation 
to  drynefs  and  calcination  was  found  to  contain 
a little  alumine. 

Sap  of  Hornbeam.  This  juice  is  colourlefs  and 
limpid  in  its  natural  ftate,  has  a foft  andjdecid- 
edly  faccharine  tafte,  a fmell  refembling  whey, 
and  a confiderable  excefs  of  acid.  When  ex- 
pofed  to  the  air  undifturbed  for  a length  of 
time,  it  firft  becomes  milky,  and  throws  up  a 
flight  down  on  its  furface,  then  it  parts  with 
much  carbonic  acid,  afterwards  it  acquires  a 
vinous  fmell  and  tafte,  and  at  the  fame  time  its 
acidity  increafes,  and  it  becomes  limpid  from 
the  fubfidence  of  fome  kind  of  mucilage.  In 
about  five  or  fix  weeks,  in  the  fummer  time, 
this  fpontaneous  acidity  is  at  its  higheft,  after 
which  it  fenfibly  diminifhes,  a thick  white  mu- 
cilaginous mould  forms  on  the  furface,  all  tafte 
of  an  acid  is  gone,  and  the  liquor  only  taftes 
mouldy.  The  fame  fuLftance,  kept  in  a clofed 
bottle,  remains  apparently  but  little  altered, 
except  that  there  is  fo  great  a generation  of 
acetous  acid  that  the  liquor  would  make  by 
itfelf  a good  fubftitute  for  vinegar  in  the  fea- 
foning  of  food. 

Sap  of  Birch.  This  is  a colourlefs  faccharine 
acid  liquor  which  is  fermentable  in  its  na- 
tural ftate,  and  its  extradl  left  after  evapor- 
ation is  equally  fo.  The  author  attempted  but 
without  fuccefs,  to  extradl  fugar  from  it  by  the 
ufual  means. 

Though  this  excellent  chemift  has  not  men- 
tioned it  in  this  place,  it  is  probable  that  thefe 
Taps  alfo  contain  a quantity  of  malat  of  limet 
the  extradlion  of  which  is  deferibed  under  that 
article. 

SAPPARE.  See  Ctanite. 

SAPPHIRE.  See  Corundum. 

SARDONYX.  See  Chalcedony. 

SASSOLIN.  Is  the  native  Boracic  Aci» 
of  Saffo  in  Tufeany,  which  fee. 

SaTTIN  spar.  See  Limestone  fibrous. 

SATURATION. 

A fubftance  is  faid  to  be  faturated  with  ano- 
ther, either  (in  the  cafe  of  Ample  folution) 
when  the  folvent  will  take  up  no  more  of  the 
fubftance  diflblved,  or  (in  the  cafe  of  mutual 
chemical  adtion)  where  the  compound  pro- 
duced is  perfeftly  neutralized. 
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SAUNDERS  WOOD. 

There  are  three  fpecies  of  wood  known  by 
this  name,  the  IVhite^  the  Yellowy  and  the  Red. 
Of  thefe  the  two  former  were  never  employed 
but  in  medicine,  and  are  now  entirely  difufed, 
Thefe  two  are  procured  from  varieties  of  the 
fame  tree,  but  the  tree  that  yields  the  red  faun- 
ders  is  a totally  different  fpecies. 

White  and  Yellow  Saunders  Wood.  Thefe 
woods  are  brought  over  in  large  billets  from 
feveral  parts  of  the  Eaft  Indies,  and  are  faid  to 
be  chiefly  the  produce  of  the  illand  Timor  in 
the  Indian  Ocean.  The  white  Saunders  is  of  a 
pale  yellowifh  white  hue,  and  almoft  taftelefs. 
It  is  feldom  feen  and  requires  no  further  notice 
in  thi  place. 

The  yellow  Saunders  is  of  a pale  yellowifh 
colour,  a fragrant  rofe  fmell,  and  a bitterifh 
aromatic  tafte.  There  is  feme  doubt  whether 
it  is  not  the  fame  tree  that  yields  both  the  white 
and  yellow,  according  to  the  difference  of  age 
and  foil.  Both  woods  are  hard  and  heavy. 

The  yellow  Saunders  diflilled  with  water 
gives  a fragrant  effential  oil  which  thickens  in 
the  cold  to  the  confiftence  of  a balfam.  The 
watery  deco«£Hon  yields  a bitterifh  fomewhat 
pungent  extra£t. 

Alcohol  forms  a fine  yellow  tinffure,  which 
after  the  fpirit  has  been  evaporated  leaves  a 
femi-fluid  fragrant  refin. 

This  wood  is  fcarcely  ever  ufed  in  Europe, 
but  is  much  valued  in  the  Eaft  for  its  fragrant 
feent. 

Red  Saunders  Wood.  This  wood  (yielded  by 
the  pterocarpus  fantalinus)  is  alfo  brought  from 
the  Eaft  Indies,  and  comes  over  in  round  billets 
of  a blackifh  red  on  the  outfide,  but  of  a deep 
brighter  red  within  and  a wavy  grain.  Though 
when  recent  it  appears  to  be  highly  fragrant,  it 
is  nearly  without  fmell  or  tafte  in  the  ftate  in 
which  we  receive  it,  and  is  folely  valuable 
for  the  deep  red  it  gives  out  to  alcohol.  Water 
digefted  with  it  has  no  effe£t  on  the  red  tinge, 
and  only  becomes  of  a pale  yellow,  but  alcohol 
readily  acquires  a fine  bright  full-bodied  red. 
This  tin6lure  yields  a dark  red  extradf  amount- 
ing to  near  a fourth  of  the  weight  of  the  wood. 
The  fixed  oils  are  not  coloured  by  red  Saun- 
ders, but  a few  of  the  volatile  oils  receive  a 
red  tinge.  This  wood  is  often  confounded 
wifti  Brazil  wood,  as  they  much  refemble  each 
other  in  appearance,  'hhey  are  however  readily 
diftinguilhed  by  this  circuraftance,  that  Brazil 
wood  gives  out  its  red  colour  to  water  as  well 
as  alcohol,  but  Saunders  wood  only  to  alcohol. 

• Vol,  70  ind  71. 


This  latter  circumftance  renders  this  wood 
of  no  ufe  in  general  dyeing,  but  it  is  occafion- 
ally  ufed  for  colouring  fpirits,  as,  for  example, 
the  red  fpirit  ufed  for  thermometers. 
SEA-WATER. 

The  compofition  of  fea-water  and  the  mode 
of  extra£ling  the  fait  from  it  are  deferibed 
under  the  article  Muriat  of  Soda.  See  alfo 
SuLPHAT  of  Magnefta\  and  Waters,  Mineral. 

SEBACIC  ACID,  or  Acid  of  Fat.  Fett- 
faure.  Germ. 

When  any  kind  of  animal  oil  is  fubje£l;ed  to 
a heat  fufficient  to  volatilize  it,  feveral  new 
products  are  formed,  and  among  others  a very 
pungent  acid  liquor  may  be  colledted  by  con- 
denfation,  which  has  been  particularly  exa- 
mined by  feveral  chemifts,  and  having  been 
confidered  as  a peculiar  acid  it  has  been  termed 
the  Acid  of  Fat  or  Sebacic  Acid.  A fimilar  acid 
may  alfo  be  procured  from  fat  without  diftilla- 
tion  of  the  entire  fat,  in  the  way  that  will  be 
prefently  mentioned,  whence  this  acid  has 
been  fuppofed  to  exift  naturally  in  fat  in  inti- 
mate union  with  the  oily  part.  The  properties 
of  this  acid,  and  the  products  of  the  diftillatiou 
of  animal  oil  have  been  particularly  noticed  by 
Crell  in  two  very  elaborate  memoirs,  publiflied 
in  the  Philofophical  Tranfa£fions,  “ of  which 
we  ftiall  give  a very  fhort  extradl. 

Since  this  period  however  another  acid  fub- 
ftance  differing  from  the  former  in  many  efil.'n- 
tial  particulars  (efpecially  in  being  free  from 
fmell)  has  been  difeovered  by  Thenard,*^  which 
he  confiders  as  the  true  febacic  acid,  and  the 
pungent  acid  of  Crell  and  other  chemifts,  he 
aflerts  to  be  chiefly  a modification  of  the  ace- 
tous acid.  But  as  feveral  objeiftions  might  be 
raifed  againft  this  opinion,  we  ftiall  give  the 
experiments  of  each  chemift. 

Thofe  of  Crell  are  in  a few  words,  the  fol- 
lowing; 

A quantity  of  beef  fuet  was  firft  melted  and 
ftrained  to  feparate  all  the  impurities:  2 lbs.  of 
this  were  put  into  a glafs  retort  let  in  a rever- 
beratory fand-bath,  and  a receiver  was  clofely 
luted  on.  Heat  was  applied,  by  which  the 
fuet  firft  melted  then  diftiiled  quietly  with  a 
gentle  frothing.  There  firft  came  over  into 
the  receiver  a thin  limpid  oil  which  did  not 
congeal,  after  which  came  an  acid  liquor, 
mixed  with  a denfer  and  coloured  oil,  the 
former  of  which  remained  fluid,  but  the  latter 
congealed  in  the  receiver.  This  mixed  produdt 
continued  for  fixteen  hours,  at  the  end  of  which 
the  retort  was  fully  red-hot,  and  every  thing 
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volatile  had  diftilled  over.  On  opening  the 
receiver  when  cold,  a moll;  pungent  fufFocating 
fetid  vapour  exhaled,  which  is  charafteriftic  of 
this  procefs,  and  the  receiver  contained  three 
fubttances,  namely,  a congealed  oil  of  the 
confiitence  of  hog’s  lard,  and  ftrongly  pungent, 
over  which  fwam  two  liquors  perfedUy  diftin£t, 
the  upper  of  which  was  a greenifh  limpid  oil, 
and  the  lower  was  a moft  pungent  gold  coloured 
acid  liquor.  The  retort  contained  about  i|oz. 
of  a fmooth  glolTy  charcoal.  The  congealed 
oil  ftill  retained  much  of  the  acid  liquor,  which 
was  feparated  by  melting  and  walhing  with  hot 
v/ater.  This  wafhed  oil  was  fubjefted  to 
feparate  diftillation,  by  which  it  was  again 
refolved  into  a congealable  oil,  and  an  acid 
liquor,  and  the  fame  procefs  was  repeated 
facccffi/cly  with  each  product  of  congealed  oil 
after  waniing,  till  all  the  acid  liquor  which  it 
would  yield  v/as  got  out.  By  a fucceflion  of  dif- 
tillations  of  the  congealed  refidue,  the  quan- 
tity of  it  gradually  dim.inillied,  and  at  laft  it 
finally  difappeared;  fo  that  the  whole  2 lbs.  of 
fuet  was  refolved  into  various  liquid  produdbs, 
and  a carbonaceous  refidue.  The  former  were 
all  mixed  together,  and  then  fpontaneoufly 
feparated  into  two  Jiquors,  one  a golden  colour- 
ed acid,  weigliing  3 oz.  5 drams,  the  other  a 
yellowilh  brown  oil,  weighing  2i|oz.  The 
charcoal  v/eighed  5 oz.  2 fcruples,  which 
weights  added  together  left  a deficiency  from 
the  original  quantity  of  fuet,  amounting  to 
I oz.  6 drS.  I fcr. 

We  firall  not  follow  this  laborious  chemift  in 
his  experiments  on  the  oil  and  tlie  charcoal, 
except  to  mention  that  the  former  after  wafliing 
to  feparate  the  adhering  acid,  yielded  by  diliil- 
lation  in  a very  gentle  heat  with  water,  a limpid 
oil  refembling  that  of  Dippel,  already  mentioned 
under  the  article  Bone. 

The  acid  liquor  which  was  brown,  was  then 
diftilled  per  je  in  a gentle  heat,  by  which  a 
yellowifh  white  and  refifified  acid  liquor  was 
obtained,  and  a carbonaceous  greafymafsremain- 
ed  in  the  retort.  This  re£lified  liquor  was  then 
combined  with  the  feveral  alkaline,  earthy,  and 
metallic  bafes,  with  many  of  which  it  united 
very  readily,  effervefeing  ftrongly  with  their 
carbonats  and  producing  neutral  falts,  feme  of 
which  will  be  prefently  deferibed. 

The  fame  ingenious  chemift  fucceeded  in  con- 
centrating this  acid  by  faturating  the  acid  liquor 
with  potafti,  evaporating  and  thoroughly  drying 
the  fait,  and  then  decompofing  it  by  the  ful- 
phuric  acid  and  diftillation,  by  which  a ftrong 
limpid  acid  was  obtained. 


But  as  this  method  was  attended  with  much 
trouble  and  wafte,  the  following  mode  was 
employed  as  an  improvement  in  the  procefs: 
a ley  of  cauftic  potalh  was  made  with  a pound 
of  fait  of  tartar,  and  half  a pound  of  quicklime, 
which  was  diflblved  in  6 lbs.  of  water.  A 
fourth  part  of  this  was  boiled  with  a pound  of 
fuet,  and  the  whole  evaporated  till  it  began  to 
ftiffen  confiderably.  The  remaining  three  fourths 
of  the  ley  were  then  added,  and  the  whole  was 
boiled  with  a flow  fire  and  conftant  ftirring,  till 
the  mixture  became  pellucid,  and  when  cold 
concreted  into  a kind  of  gelatinous  foap.  This 
was  then  diflblved  in  water  and  fome  powdered 
alum  was  added,  which  immediately  produced 
a decompofition,  the  oil  of  the  foap  uniting  folely 
with  the  alumine  into  an  infoluble  curdy  mafs. 
The  addition  of  alum  was  continued  till  the  form- 
ation of  this  curdy  mafs  had  ceafed,  and  the  li- 
quor feparated  from  it  now  contained  fulphat  of 
potalh,  and  another  neutral  fait  efi potafh,  and  the 
acid  of  fat.  This  was  evaporated  to  drynefs  and 
then  put  into  a retort,  to  which  was  added- 
a third  of  its  weight  of  oil  of  vitriol,  which 
immediately  extricated  grey  vapours  ftrongly 
impregnated  with  the  peculiar  fmell  of  the  acid 
of  fat.  By  applying  a very  moderate  heat,  all 
the  acid  of  fat  was  expelled,  unmixed  with 
fulphuric  acid,  and  it  condenfed  into  a fuming, 
limpid,  ftrong  acid  of  fat,  which  when  added  to 
a folution  of  acetited  lead  produced  a precipitate 
which  was  again  foluble  in  an  excels  .of  acetous 
acid,' and  therefore  contained  no  fulphuric  acid. 

When  this  limpid  acid  of  fat  was  diftilled  in 
a retort  till  half  the  quantity  had  come  over 
clear  and  colourlefs,  the  refidue  now  acquired 
a golden  colour,  and  depofited  brown  ftreaks*. 
The  limpid  acid  in  the  receiver,  again  diftilled 
per  fe,  again  refolved  itfelf  into  another  limpid 
fluid  which  paflbd  over  into  the  receiver,  and 
the  refidue  as  before  depofited  thefe  brown 
ftreaks.  This  was  repeated  eight  times,  always 
feledling  the  clear  liquid  which  had  been  diftilled 
over  in  the  previous  operation,  and  to  the  laft, 
a quantity  of  brown  infoluble  matter  was  left 
behind,  whilft  the  diftilled  acid  gradually  loft 
its  pungency,  and  fomewhat  of  its  acidity,  by 
thefe  fucceflive  procelfes. 

There  are  at  leaft  three  ways  of  obtaining  this 
volatile  acid  of  fat;  one  is  by  mere  diftillation  of 
any  animal  fat,  feparation  of  the  acid  liquor 
from  the  other  produ6ts,  and  refiification  in 
the  ■way  already  mentioned,  and  in  this  way  no 
intermede  whatever  is  employed.  Another  way 
is  by  decompofing  an  animal  alkaline  foap  by 
alum,  and  diltilling  the  clear  remaining  refidue 
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with  fulphurlc  acid;  and  a third,  which  indeed 
fomewhat  vefembles  the  laft,  and  was  employed 
by  De  Segr.er,  previous  to  Crell’s  experiments, 
is  to  faturate  the  diflilled  acid  liquor  with  potafli, 
and  then  to  decompofe  it  by  diftillation  with 
half  as  much  fulphuric  acid  as  there  was  carbo- 
nat  of  potafli  employed. 

The  fame  acid  may  alfo  be  prepared  according 
to  Guyton,  in  the  following  way : mix  any 
kind  of  animal  fat  with  fome  powdered  quick- 
lime, melt  the  mixture  in  an  iron  pot  for  a time, 
and  when  cold,  lixiviate  the  refidue  with  warm 
water,  which  diflblves  out  the  febat  of  lime. 
Evaporate  this  liquor  to  drynefs,  by  which  a 
brown  fait  is  left,  which  calcine  in  a crucible, 
then  lixiviate  and  filter  the  folution,  and  evapo- 
rate to  drynefs.  Laftly,  decompofe  this  calca- 
reous fait  by  fulphuric  acid,  and  the  limpid 
pungent  acid  of  fat  will  rife. 

Before  we  proceed  to  defcribe  the  Sebats,  we 
fliall  mention  that  peculiar  acid  difcovered  by 
Thenard,  which  alone  he  «onfiders  as  pure 
febacic  acid.  His  procefs  was  the  following: 
A large  quantity  of  pork  lard  was  diftilled  per 
fe  ; the  product  was  walhed  with  much  warm 
water  and  all  the  watery  liquids  were  united. 
Acetited  lead  was  then  poured  in,  and  a floc- 
culent  precipitate  fell  down,  which  was  collefted 
and  dried,  and  confifted  of  febat  of  lead.  This 
was  then  put  into  a retort  with  fulphuric  acid 
and  diftilled.  The  liquor  in  the  recipient  had 
no  acid  property,  but  on  the  furface  of  the  liquor 
remaining  in  the  retort  there  floated  a melted 
mafs  refembling  fat  in  appearance,  which  was 
carefully  colledled,  and  after  walhing  was  boiled 
with  water.  At  this  heat  it  dilTolved,  and  on 
cooling  it  depofited  tender  needled  cryftals, 
which  were  decidedly  acid,  and  which  the 
author  confiders  as  the  pure  febacic  acid.  To 
afcertain  whether  they  were  or  were  not  produced 
by  the  fulphuric  acid,  fome  of  the  Amply  diftilled 
liquor  of  lard  was  treated  with  water,  filtered 
and  evaporated,  and  fome  of  the  fame  cryftals 
were  feparated  on  cooling,  (hewing  therefore  that 
this  fubftance  either  exifted  in  that  ftate  in  the 
frefli  lard,  or  was  produced  by  the  mere  a<SUon 
of  fire,  and  not  by  the  fulphuric  acid. 

This  febacic  acid  is  without  fmell,  has  a 
nightly  acid  tafte,  reddens  litmus,  melts  in  heat 
like  greafc,  and  is  much  more  foluble  in  hot 
water  than  in  cold,  fo  that  a hot  folution  at  all 
concentrated,  readily  concretes  by  cooling.  It 
is  alfo  foluble  largely  in  alcohol,  and  cryftallizes 
in  fmall  needles,  but  by  careful  management 
it  may  be  obtained  in  the  form  of  broad  brilliant 
plates. 

TOL.  n. 


Thenard  alfo  aflerts  that  along  with  the  fe- 
bacic acid  much  acetous  acid  is  contained  in  the 
diftilled  liquor  of  lard,  and  that  it  is  this,  and 
not  the  true  febacic  acid  which  is  given  out, 
when  according  to  Segner’s  method  the  liquor 
is  faturated  with  potafli,  evaporated  to  drynefs, 
and  decompofed  by  fulphuric  acid.  In  proof 
of  which  he  aflerts  that  in  performing  the  ex- 
periment, he  obtained  under  thefe  circumftances, 
an  acid,  vdiich,  like  the  acetous,  produces  a 
deliquefcent  foliated  fait  with  potafli  that  has 
a very  pungent  tafte,  that  forms  with  nitrat  of 
mercury  a precipitate  which  cryftallizes  in 
plates,  and  that  gives  much  acetous  acid  when 
treated  with  fulphuric  acid.  With  regard  to 
the  acid  obtained  by  Crell’s  fecond  procefs,  that 
is,  by  treating  the  fat  with  alkali  and  alum,  and 
decompofing  by  fulphuric  acid,  Thenard  afferts 
that  on  repeating  this  procefs  he  obtained  no 
acetous  acid,  but  only  muriatic,  fince  it  pre- 
cipitates nitrat  of  filver,  and  forms  a cubic  fait 
with  foda,  which  fait,  decompofed  feparately 
by  fulphuric  acid,  gives  a penetrating  acid 
vapour,  which  united  with  the  nitric  acid  is 
capable  of  diflblving  gold.  This  acid  he  at- 
tributes to  employing  the  common  potafli  of 
commerce,  which  always  contains  fome  muriat, 
for  in  repeating  the  experiment  with  pure 
potafli,  he  obtained  no  acid  except  a minute 
quantity  of  vinegar. 

Such  are  the  experiments  of  this  chemift, 
who  is  certainly  worthy  of  the  higheft  confi- 
dence, and  they  eftablifli  the  fa£I  of  there 
exifting  an  inodorous,  not  eafily  volatile,  and 
cryftallizable  acid  fubftance  in  the  produdls  of 
diftilled  fat,  to  which  the  term  Sebacic  acid  ought 
probably  to  be  applied. 

This  acid  precipitates  the  acetite  and  nitrat 
of  lead,  nitrat  of  filver,  and  acetite  and  nitrat 
of  mercury;  it  faturates  the  alkaline  bafes,  and 
forms  with  them  foluble  falts;  with  potafli  it 
forms  a fait  which  does  not  abforb  moifture 
from  the  air,  and  is  decompofed  by  the  mineral 
acids  ; it  does  not  trouble  barytic,  lime,  or 
ftrontian  water. 

We  cannot  however  admit  the  explanation 
given  by  this  ingenious  chemift  of  the  nature 
of  Crell’s  volatile  acid,  to  the  full  extent,  with- 
out further  experiments,  though  it  is  fufficiently 
probable  that  it  is  a very  compound  liquor, 
containing  a large  quantity  of  • acetous  acid, 
perhaps  with  fome  fulphureous,  and  intimately 
combined  with  a portion  of  animal  oil. 

Every  acid  procured  in  any  manner  from 
animal  fat  is  probably  formed  by  the  diftillation  or 
by  the  adlion  of  the  fulphuric  acid,  and  not 
2 o 
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rflcrely  evolved,  fince  no  change  in  the  colour  of 
litmus  is  produced  by  the  contaft  of  fat,  or  of 
water  employed  to  lixiviate  it.  That  the  aftion 
of  heat  or  fulphuric  acid  fhould  produce  acetous 
acid  from  materials  which  abound  in  its  con- 
ftituent  parts,  may  readily  be  conceived,  and 
the  hiftory  of  the  pyroligneous,  laftic,  and 
fome  other  acids  fliews  how  readily  the  acetous 
acid  undergoes  particular  modifications  by 
which  its  proper  charadlers  are  difguifed  fo  as 
not  eafily  to  be  dete£l:ed. 

However,  till  the  nature  of  the  pungent 
volatile  acid  of  fat  is  fully  cleared  up,  it  may 
be  right  to  give  fome  of  the  general  charadfers 
of  its  faline  combinations,*  though  we  Ihould 
hefitate  to  give  them  the  term  of  Sebats. 

When  the  alkalies  are  faturated  with  this 
acid,  and  the  mixture  Is  evaporated  to  drynefs, 
rediflTolved  and  concentrated,  cryflals  are  form- 
ed generally  in  plates  and  not  deliquefcent. 
Thefe  are  all  decompofable  by  fulphuric  acid, 
and  give  out  vapours,  ftrongly  fmelling  of 
acetous  acid,  but  with  a peculiar  pungency. 
A fimilar  fait  is  formed  with  lime,  but  with 
magnefia  and  alumine  no  cryftals  can  be 
obtained. 

This  acid  has  no  adlion  on  gold  or  filver,  but 
difiblves  the  oxyd  of  the  latter  metal.  It  adls 
on  mercury  when  repeatedly  abflradfed  from  it, 
but  difiblves  the  white  carbonated  oxyd  with 
eafe  in  the  cold.  This  fait  evaporated  to  dry- 
nefs and  heated,  yields  a mercurial  fublimate 
in  a very  moderate  temperature. 

Copper  difiblves  in  this  acid  with  eafe,  and 
yields  fmall  deliquefcent  cryftals.  Iron  gives 
an  aftringent  folution,  and  by  evaporation  leaves 
Xicicular  cryftals,  fcarcely  deliquefcent.  Lead, 
antimony,  zinc,  and  tin,  are  difiblved  with 
more  or  lefs  eafe. 

With  fome  of  the  metallic  folutions  this  acid 
produces  ^fenfible  effebls.  Added  to  nitrated 
filver,  a reddifh  grey  precipitate  falls  down. 
With  nitrated  mercury  a white  precipitate  is 
produced,  and  even  corrofive  fublimate  is  made 
turbid  by  this  acid.  With^nitrat  of  lead,  fmall 
acicular  cryftals  are  depofited  which  are  readily 
foluble  in  water,  and  this  latter  folution  is 
decompofcd  by  fulphuric  acid. 

It  is  obvious  that  thefe  properties  do  not 
belong  fingly  either  to  the  acetous  or  to  the 
muriatic  acid,’fo  that  till  we  have  further  ex- 
periments, we  muft  for  the  prefcnt  admit 
fomething  peculiar  in  the  pungent  difti.'.!cd  acid 
«>f  fat. 

SELENITE.  See  Gypsum. 


0 ) 

SEMI-METAL.  A name  given  by  the  old 
chemifts  to  the  brittle  unmalleable  metals.  See 

A^ETALt 

SEMIOPAL.  See  Opal. 

SENEGAL,  Gum.  See  Mucilage. 

SERPENTINE.  Serpentin,  Germ.  Serpen- 
tine, Broch. 

Of  this  mineral  there  are  the  two  following 
fubfpecies. 

I.  Subfp.  Common  ferpentine. 

Its  colour  is  chiefly  green  of  different  fhades, 
from  pale  leek  green  to  olive  and  blackifh 
green,  it  alfo  occurs  blood  red,  fcarlet  red, 
* light  crimfon,  and  reddifli  brown,  fometimes, 
though  rarely,  brownifh  yellow.  The  colours 
are  arranged  in  dots,  clouds,  veins,  and  ftripes, 
and  are  very  much  intermixed.  It  occurs  in 
mafs.  It  is  internally  dull,  or  faintly  glimmer- 
ing when  mixed  with  foreign  particles.  Its 
frabture  is  fplintery  pafling  into  fine  grained 
uneven,  alfo  flat  conchoidal.  Its  fragments  are 
indeterminate,  blunt-edged.  It  is  ufually  tranf- 
lucent  on  the  edges  •,  it  is  foft,  eafily  frangible, 
and  uncluous  to  the  touch.  Sp.  gr.  2.57 — 2.7. 

It  is  infufible  before  the  blow-pipe  without 
addition.  It  appears  to  admit  of  confiderable 
variety  In  its  analyfis,  as  appears  from  its  exa- 
mination by  Kirw^an  and  by  Bayen. 


Kirw'an. 

Bayen. 

Silex 

- 45  — 

41 

Magnefia 

- 23  — 

35 

Alumine 

- 18  — 

10 

Iron 

- 3 — 

3 

W ater  - 

- 12 

98 

89 

A little  oxyd  of  chrome  Is  alfo  faid  to  have 
been  lately  found  in  this  mineral. 

2.  Subfp.  Noble  ferpentine. 

Its  colour  is  deep  leek  green,  pafling  into 
greenifh  black.  It  occurs  in  mafs  or  diflemin- 
ated.  It  has  a flight  greafy  or  refinous  luftre. 
Its  frabfure  is  conchoidal  pafling  into  fplin- 
tery. It  is  tranflucent,  foft,  unbluous  to  the 
touch. 

Serpentine  ranks  among  the  primitive  rocks ; 
it  very  rarply  contains  beds  of  other  minerals. 
It  is  not  unfrequently  penetrated  by  veins  con- 
fifting  of  calcareous  fpar,  granular  limeftonc, 
fteatite,  talc,  afbeft,  garner,  copper,  and  mag- 
netic iron. 

There  appear  to  be  two  diftinbl:  formations 
of  this  mineral;  the  moft  ancient  is  in  fmallcr 
rock  mafles  than  the  other,  and  rcfts  upon  gra- 
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-Rite  or  gnelfs ; tlie  noble  ferpeiuine  belongs  al- 
nioft  wholly  to  this  foprmation.  The  other 
formation  is  more  I'ccent,  is  lei's  penetrated  by 
veins,  and  confifts  of  common  fcrpentine. 

The  older  ferpentine  is  found  in  Covfica, 
Italy,  and  Siberia,  and  of  uncommon  beauty 
at  Portfoy  in  Scotland.  The  more  recent  fer- 
pentine occurs  in  Cornwall,  at  Zoblitz  in 
Saxony,  and  various  other  parts  of  Germany. 

This  mineral  is  capable  of  being  readily 
fafhioned  in  a lathe,  and  of  receiving  a very 
good  polifh,  on  which  account  it  is  formed 
into  various  articles  of  ornament  and  ufe,  fuch 
as  vafes,  chimney-pieces,  &c.  many  of  which 
are  exquifitely  beautiful. 

SERUM.  See  Blood. 

SHELL. 

The  fliells  of  marine  animals  and  of  all  eggs 
have  long  been  known  to  confift  principally  of 
carbonat  of  lime,  fo  that  when  burned  they 
afford  a purer  quicklime  than  that  procured 
from  moft  of  the  common  lime-ftones,  and  on 
the  fea-coaft  fhells  are  often  colledled  in  quan- 
tity, and  employed  for  making  quicklime.  All 
fliells  therefore  effervefce  ftongly  with  acids. 

But  as  they  are  orgatiized  parts  of  living  ani- 
mals they  have  fome  peculiarities  of  texture 
dependent  on  the  mode  of  their  formation,  and 
the  earthy  part  of  which  they  are  compofed 
mull  have  been  held  together  by  fome  animal 
cement,  and  not  merely  cohering  by  fimple  ag- 
gregation. Befides  this  they  mofhly  contain 
fome  portion  of  phofphat  of  lime,  though  in 
very  fmall  quantity  compared  with  the  car- 
bonat, and  alfo  in  comparifon  with  the  quan- 
tity entering  into  bone,  and  the  hard  parts  of 
land  animals. 

Mr.  Hatchett  has  given  a very  valuable  me- 
moir on  the  various  fpecies  of  marine  fhells, 
which  is  ufeful  not  only  as  aregifler  of  chemical 
analyfes,  but  as  lliewing  a dillin£lion  between 
feveral  large^  clalfes  of  fhell  and  elucidating 
the  mode  of  their  formation. 

The  method  of  analyfis  was  fo  fimple  that  it 
may  be  defcribed  at  flrfl  as  applying  to  all . 
The  fltell  was  firfl  immerfed  in  dilute  nitric  or 
fometimes  in  acetous  acid,  and  a folution  was 
effected,  without  heat,  of  all  the  calcareous 
part,  which  fometimes  required  a digeflion  of 
a few  days.  The  acid  here  diffolved  both  the 
carbonat  and  phofphat  of  lime  if  prefent,  but 
would  leave  the  cementing  animal  membrane, 
which  being  of  the  nature  of  condenfed  albu- 
men would  remain  undiffolved.  It  would  alfo 
leave  untouched  any  animal  charcoal  produced 

» Pkil.  Trinf. 


by  previoufly  roafting  the  fliell'in  a red  heat 
for  a fhort  time,  and  charring  the  cementing 
gluten,  which,  wdien  not  a£lually  in  the  Hate 
of  denfe  membrane,  would  otherwife  diffolve 
in  the  acid.  To  the  folution  pure  ammonia 
was  firfl  added  as  long  as  it  produced  any 
precipitate,  which  in  thefe  circumftances  was 
phofphat  of  lime  undecompofed.  The  remain- 
ing clear  liquor  was  then  fully  faturated  with 
carbonat  of  ammonia,  which  precipitated  all 
the  carbonat  of  lime,  and  thus  thefe  two  cal- 
careous falts  were  feparated,  and  their  quantity 
afeertained.  Sometimes  however  the  fubflance 
when  of  a cellular  or  porous  fhudlure,  v'ould 
contain  fome  flime  and  argil,  too  clofely  adher- 
ing to  be  feparated  properly,  in  which  cafe  the 
alumine  diffolved  along  with  the  calcareous 
falts  would  be  precipitated  by  ammonia  as  well 
as  the  phofphat,  and  would  be  blended  with  it. 
In  fuch  cafes  the  mixed  precipitate  was  redif- 
folved  in  nitric  acid  and  acetite  of  lead  dropped 
in,  which  would  feparate  the  phofphoric  acid 
in  the  form  of  an  infoluble  phofphat  of  lead, 
and  the  quantity  of  acid,  (and  from  this, 
that  of  lime  united  to  it)  could  be  thus  eafily 
eflimated. 

There  are  two  great  clalfes  of  marine  Ihells, 
the  teftaceous  and  the  crullaceous.  The  former 
are  by  much  the  moft  numerous,  and  include 
all  the  marine  fhell-animals  that  have  not  legs 
and  the  power  of  tranfporting  themfelves  from 
place  to  place:  the  crullaceous  fhells  are  thofe 
of  the  lobfter,  crab,  prawn,  and  fuch  animals 
as  readily  fhift  their  place,  and  who  carry  the 
fliell  merely  for  proteflion  from  external  injury, 
and  not  alfo,  as  in  the  teftaceous, 'as  a place  of 
refidence. 

The  teftaceous  fhells  again  are  dlvifible  into 
two  clafl'es,  the  Porcellattous  and  thofe  com- 
pofed of  Nacre  or  Mother  of  Pearl,  which  differ 
from  each  other  in  the  quantity  of  conneOlirtg 
gluten  or  membrane,  and  the  mode  in  which  it 
is  difpofed. 

The  Porce'Uanoiis  fhells  are  fo  called  becaufe 
they  have  an  afpe£l  like  porcelain,  with  an  ena- 
melled glofl'y  furface,  are  fmooth,  hard,  and 
fonorous,  and  when  broken  often  exhibit  a 
nightly  fibrous  texture.  All  the  univalve  fliells, 
fuch  as  w'helks,  limpets,  cownies,  and  moft  of 
the  beautiful  convoluted  fliells  of  tropical 
countries  are  of  this  defeription. 

Thefe  fhells  w'hen  expofed  to  a red  heat  in  a 
crucible  for  a quarter  of  an  hour,  crackled  and 
loft  the  colours  of  their  enamelled  furface,  but 
did  not  emit  any  apparent  fmoke,  nor  any  fmell 
ol.  89  and  90. 
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like  burned  horn  or  cartilage.  Their  figure 
remained  unchanged  and  they  all  became  of  an 
opake  white,  retaining  part  of  their  original 
glofs.  Thefe  diflblved  in  acids  with  great  ef- 
fervefcence,  and  when  they  had  not  been  pre- 
vioufly  roafted,  the  folution  remained  clear,  but 
after  roafting,  the  charred  gluten  was  left  un- 
touched. Neither  ammonia  nor  acetited  lead 
difcovered  any  phofphat,  fo  that  thefe  fhells 
feem  to  confift  entirely  of  carbonat  of  lime  ce- 
mented by  a fmall  portion  of  animal  gluten. 

The  Nacreous  Shells  are  moftly  bivalved,  and 
have  a fofter  texture,  a greater  glofs  on  the 
inner  fide,  and  often  fhew  that  iridefcent  play 
of  colours  which  is  fo  particularly  beautiful  in 
the  mother  of  pearl.  All  the  oyfter  and  mufcle 
fpecies  are  of  this  kind.  When  put  in  the  fire 
they  give  a fenfible  odour  of  burned  horn  with 
fome  fmoke,  and  exfoliate.  When  the  roafted 
fhells  were  immerfed  in  nitric  acid  a much 
greater  proportion  of  charcoal  was  left  than  in 
the  former  kind.  But  the  moft  ftriking  differ- 
ence was  with  the  unburned  fhell,  for  when 
immerfed  in  the  acid  a violent  effervefcence 
and  rapid  folution  took  place  at  firft,  but  dimi- 
nifhed  gradually,  fo  that  the  carbonic  acid  was 
only  difengaged  at  intervals.  In  two  days  time 
the  whole  of  the  calcareous  part  was  diffolved, 
but  a reticulated  feries  of  membranous  layers 
was  left,  the  outermoft  of  which  was  the  epi- 
dermis or  flcin  of  the  natural  fhell,  fo  that  the 
whole  formed  a tender  mafs  of  membranes  ftill 
retaining  the  form  of  the  fhell.  Each  mem- 
brane therefore  has  its  correfponding  ftratum 
of  calcareous  earth  interpofed  between  it  and 
the  fuccegding  membrane,  and  hence  as  every 
additional  ftratum  exceeds  in  extent  that  which 
was  previoufly  formed,  the  fliell  becomes 
ftronger  and  thicker  in  proportion  as  the  ani- 
mal grows.  Hence  the  vaft  thicknefs  of  fhell 
in  the  large  full-grown  oyfters  that  yield  the 
mother  of  pearl.  The  nitric  folution  of  thefe 
fhells  fhewed  no  indication  of  any  phofphat,  fo 
Uiat  the  earth  is  merely  carbonat  of  lime. 

A fecond  clafs  of  fhells  has  been  ftated  to  be 
the  Crt^aceotis,  fuch  as  form  the  covering  of 
the  lobfter,  crab,  &c.  Pieces  of  this  fltell 
were  immerfed  in  nitrous  and  acetous  acids,  in 
each  of  which  they  diffolved  v/ith  moderate 
effervefcence  to  a confiderable  degree,  but  in  a 
fhort  time  the  aftion  ceafed  and  a yellowifti 
white  elaftic  cartilage  was  left,  which  retained 
the  original  form.  In  the  acetous  acid  the 
colouring  matter  alfo  remained  and  was  foluble 
in  alcohol.  Thefe  folutions  contain  both  phof- 
phat and  carbonat  of  lime,  and  thus  it  is  the 


prefence  of  phofphat  of  lime,  though  the  quan- 
tity is  comparatively  fmall,  which  diftinguifhes 
the  cruftaceous  from  all  the  teftaceous  fhells 
whether  porcellanous  or  of  nacre. 

It  may  be  added  that  pearls  refemble  exactly 
in  chemical  compofition,  the  nacre  or  mother 
of  pearl;  and  that  egg- fliell  bears  the  ftrongeft 
affinity  with  the  porcellanous  fhells. 
SIDERITE. 

Is  a name  given  by  Bergman  to  a fuppofed 
peculiar  metallic  fubftance  which  is  the  princi- 
pal caufe  of  the  brittlenefs  of  certain  kinds  of 
bar  iron.  It  has  fince  been  difcovered  to  be 
phofphat  of  iron. 

SIENITE.  Sleuit.  Wern. 

This  is  one  of  the  compound  primitive  rocks 
and  confifts  effentially  of  cryftals  and  grains  of 
hornblende  imbedded  in  felfpar.  When  the 
felfpar  is  compaft  the  mafs  has  a porphyritic 
charadfer  and  is  often  called  Sienitic  porphyry. 
Quartz  and  mica  are  occafionally  found  in  fienite 
but  in  very  fmall  quantity;  in  this  ftate  it  is 
fometimes  called  granitelle. 

Sienite  is  commonly  in  mafs,  and  Is  rarely 
either  fchiftofe  or  ftratified.  It  fometimes  con- 
tains metallic  veins  as  at  Altemberg  in  Saxony, 

SILEX.  Kiefelerde.  Germ. 

This  earth  is  generally  found  in  a ftony  ftate, 
and  from  its  forming  nearly  the  entire  compo- 
fition of  Jlinty  it  has  acquired  the  name  of  filex 
or  fillceous  earth.  It  is  found  in  equal  or  per- 
haps greater  purity  in  rock  cryftal  and  quartz, 
and  in  white  fand,  and  on  the  whole  it  is 
probably  the  moft  abundant  earth  on  the  face 
of  the  globe.  Moft  of  the  ftony  combinations 
of  filex  are  remarkable  for  their  hardnefs,  and 
will  very  readily  ftrlke  fire  with  fteel. 

Silex  when  pure  is  white,  and  perfedlly  void 
of  tafte  and  fmell.  It  is  infoluble  in  water,  and 
is  incapable  of  artificial  cryftallization. 

It  llkewife  contradls  but  a very  flight  union 
with  water  when  wetted,  and  is  perfedlly  void 
of  plafticity,  fo  that  after  wetting  it  dries  more 
fpeedily  than  any  other  earth.  Its  fpecific  gra- 
vity as  it  exifts  in  quartz  or  flint  is  about  2.6.  * 

It  is  perfectly  infufible  by  itfelf  even  in 
oxygen  gas. 

This  earth  is  abfolutely  infoluble  in  every 
acid  except  the  fluoric,  unlefs  In  that  ftate  of 
fine  divifion  in  which  it  exifts  at  the  moment 
of  its  feparation  from  Its  alkaline  folution  by 
acids.  Its  peculiar  habitudes  with  the  fluoric 
acid  have  been  mentioned  under  that  article. 

The  fixed  alkalies  readily  diffolve  filex  by  the 
affiftance  of  heat,  and  even  in  the  cold  by  long 
digeftion.  If  flint  or  fand  or  any  other  filiceous 
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earth  in  fine  powder,  be  boiled  with  a folution 
of  cauftic  potalh  or.  foda  in  which  the  alkaline 
portion  is  about  twice  the  weight  of  the  earth, 
after  the  water  has  entirely  evaporated  there 
remains  a white  puffy  mafs  which  perfeftly 
diflblves  in  warm  water  into  a clear  folution. 
A fimilar  folution  is  formed  by  melting  the  filex 
in  a moderate  reel  heat  with  about  three  or  four 
times  its  weight  of  dry  carbonated  potafli  or 
foda.  The  mixture  effervefees  and  fwells  vio- 
lently during  the  fufion,  owing  to  the  efcape  of 
the  carbonic  acid,  and  at  laft  fettles  into  a 
clear  glafs,  which  is  perfedily  foluble  in  water. 
A much  fmaller  quantity  of  alkali,  however, 
is  able  to  diffolve  this  earth  into  a perfeft  glafs, 
in  a high  heat,  but  this  is  not  foluble  in  water 
unlefs  the  alkali  is  in  confiderable  excefs.  This 
folution  of  Silicited  Alkali.,  or  Liquor  Silicum, 
as  it  is  fometimes  called,  has  a ftrong,  burning, 
alkaline  tafte.  When  faturated  with  an  acid  it 
becomes  turbid,  and  the  earth  flowly  feparates 
in  the  form  of  a fpongy  flocculent  precipitate. 
If  this  is  taken  out  without  drying,  and  ful- 
phuric,  nitric,  or  muriatic  acid  added  to  it,  or 
if  the  firft  folution  is  at  once  fuperfaturated 
with  the  acid,  the  filex  is  rediffolved  and  the 
liquor  becomes  clear.  This  is  much  affifted  by 
large  dilution  with  water,  for  the  fame  propor- 
tion of  acid  will  not  redilfolve  the  earth  when 
concentrated.  If  this  acid  folution  of  filex  is 
evaporated  nearly  to  drynefs,  the  whole  of  the 
filex  feparates  in  a gelatinous  form  from  the 
folution,  and  becomes  as  at  firft  equally  info- 
luble  in  any  future  portion  of  acid,  fo  that  it 
may  be  waftied  and  edulcorated  without  lofs. 
In  this  circumftance  filex  differs  from  alumine, 
for  the  latter  is  again  foluble  in  acids  without 
further  preparation.  Silex  thus  procured  is 
quite  white,  feels  dry,  granular,  and  is  per- 
fectly infipid. 

There  is  however  a very  intimate  union  be- 
tween filex  and  alumine  when  in  folution 
together,  as  has  been  fully  explained  under  the 
article  Alumive. 

Silex,  even  when  diffolved  in  an  acid  or 
alkali  gives  no  peculiar  tafte,  fo  that  the  filicited 
alkali  has  fimply  an  alkaline  tafte,  the  fluat  of 
filex  an  acid  tafte,  &c. 

Both  barytes  and  ftrontian  in  fome  degree 
diffolve  filex  as  the  alkalies  do,  but  lefs  exten- 
fively.  Vauquelin  mixed  200  parts  of  ftrontian 
with  60  of  filex,*  heated  the  mixture  intenfely 
for  an  hour  in  a platina  crucible,  and  produced 
a grey,  fonorous,  rifty  mafs,  with  only  a flight 
cauftic  tafte.  When  this  was  boiled  in  water, 

• Ann.  Chim.  tom,  p.  371. 


fome  of  it  diffolved,  though  lefs  than  if  It  were 
pure  ftrontian,  and  it  could  not  be  cryftallized. 
Saturated  with  nitric  acid,  it  gave  by  evapora- 
tion a copious  jelly,  which  was  pure  filex. 

The  fame  chemift  alfo  mixed  150  parts  of  ba- 
rytes with  50  of  filex,  and  heated  them  ftrongly 
for  an  hour  in  a platina  crucible. j The  refulting 
mafs  was  of  a pale  apple  green,  forming  in 
water  a folution  of  the  fame  colour,  and  with 
little  tafte.  This  fubftance  was  alfo  entirely  fo- 
luble  in  moft  of  the  acids,  and  the  folution  ran 
into  a jelly  by  evaporation,  which  was  pure  filex. 

For  tlie  effeCI  of  alkalies  on  filex,  fee  the- 
article  Glass. 

SILICEOUS  SCHISTUS.  See  Keisel- 

SCHIHFCR* 

SILICITED  ALKALI.  See  the  article^ 
Silex. 

SILK. 

This  article  is  introduced  in  this  place  on- 
account  of  a very  peculiar  fait  or  cryftalline 
fubftance  obtained  from  it  by  the  nitric  acid. 

Silk  in  its  natural  ftate  (that  is,  before  it  is- 
bleached)  contains  a kind  of  yellow  refinous 
matter,  which  gives  its  fine  golden  colour. 
When  raw  filk  is  infufed  in  water,  a portion  of 
gummy  matter  is  diffolved,  and  a light  amber 
coloured  liquor  is  produced.  Pure  alcohol 
extradls  a much  deeper  yellow  colour,  and 
makes  a tin£Iure  that  lofes  none  of  its  colour  by 
long  expofure  to  the  fun,  v/hich  bleaches  the 
filk  itfelf.* 

Nitrous  acid  a£Is  powerfully  on  filk  in  pro- 
portion to  its  concentration.  If  two  drams  of 
this  acid  are  mixed  with  a pint  of  alcohol,^  and 
filk,  either  raw  or  bleached,  be  Immerfed  in  it, 
and  kept  in  digeftion  in  a moderate  warmth  for 
twenty-four  hours,  the  filk  becomes  of  a dull 
yellowifh  brown,  which  after  rinfing  and  wafh- 
ing  with  foap,  and  drying,  turns  to  a fine 
golden  yellow,  which  is  very  permanent. 

But  when  concentrated  nitric  acid  is  diftllled 
off  filk,  and  the  remaining  liquor  duly  evapo- 
rated, much  oxalic  acid  is  obtained,  and  the 
refidue  if  evaporated  itill  further,  yields  along 
with  a little  remaining  oxalic  acid,  a quantity  of 
yellow  granular  cryftals,  extremely  bitter,  not 
acid,  and  ftaining  the  faliva  and  hands  of  a 
very  deep  yellow  not  eafily  removed.  If  the 
liquor  is  previoufly  faturated  with,  potafli  and 
evaporated,  another  yellow  filky  fait  feparates, 
which  detonates  on  coals  like  common  nitre, 
and  appears  to  be  a triple  combination  of  the 
former  bitter  fubftance  with  nitrat  of  potafli. 

The  firft  mentioned  granular  cryftals  exa^' 

^ Ibid.  Aa.  Chim.  tom.  17, 
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mined  with  a magnifier,  appear  to  be  compofed 
of  truncated  oflohcdrons. 

The  above  curious  fubftance  was  difcovered 
by  Welter,  and  is  by  him  called  ihe  bitter 
principle,  and  he  fuppofes  it  to  be  generally 
produced  by  the  affion  of  nitric  acid  on  animal 
matters,  and  is  perhaps  the  fame  fubftance 
which  caufes  the  bitternefs  of  bile. 

It  has  not  been  further  examined. 
SILVANITE.  See  Tellurium. 

SILVER,  saber,  Germ.  Argent,  Fr. 

Silver  is  a metal  of  a pure  white  colour,  very 
malleable,  foft,  fufible  at  a full  red  heat,  but 
not  oxydable  by  expofure  to  the  air  while  melt- 
ed. It  Is  foluble  with  eafe  in  nitrous  acid,  and 
precipitable  from  its  folution  in  the  form  of  a 
white  curd  by  muriatic  acid,  or  any  of  the 
neutral  muriats. 

§ I.  Ores  of  Silver. ' 

Sp.  I.  Native  Silver.  Gediegen  Silber,'Wexn. 
Argent  Natif,  Broch. 

Its  colour  Is  filvery  white,  but  externally  it  is 
often  yellowifh  and  brownifh,  in  confequence 
of  being  tarnifhed  by  fulphureous  vapours.  It 
occurs  maflive,  difleminated,  in  plates,  in 
rounded  pieces,  alfo  capillary,  filiform,  reticu- 
lated, arborefeent  and  cryftalllzed.  The  forms 
of  its  cryftais  are, 

1 . 7'he  regular  odtohedron. 

2.  The  cube. 

3.  A folld,  compofed  of  the  two  former, 
..and  generally  reprefented  as  a double  fix-fided 
pyramid,  with  truncated  fummits. 

The  cryftais  are  ufually  very  fmall,  and 
grouped  together.  The  furface  of  the  cryftais 
is  fmooth,  that  of  the  plates  is  drufy,  the 
filiform  and  capillary  varieties  are  commonly 
longitudinally  ftriated.  Its  fuperficlal  luftre  is 
metallic,  varying  from  fliining  to  glimmering, 
according  to  the  fmoothnefs  or  roughnefs  of 
the  furface.  Its  fradfure  is  hackly;  it  acquires 
a bright  fttining  metallic  luftre  by  fridlion.  It 
is  opake,  foft,  dudfile,  flexible  but  not  elaftic. 
Sp.  gr.  about  10. 

The  above  is  the  defeription  of  pure  native 
filver,  it  is  not  unfrequently  however  alloyed 
with  gold  In  various  proportions;  a fpecimen 
analyfed  by  Dr.  Fordyce  afforded  28  per  cent, 
of  this  latter  metal;  in  this  cafe  the  colour  ap- 
proaches to  that  of  pale  brafs,  and  its  fpecific 
gravity  is  greater  than  that  of  pure  filver. 
•Sometimes  alfo  native  filver  is  mixed  with 
2.  fmall  proportion  of  copper  by  which  it 


acquires  a tinge  of  red,  and  is  fenfibly  harder 
than  when  pure. 

The  mott  recent  of  the  primitive  rocks  are 
thofe  in  which  native  filver  principally  occurs^ 
It  has  been  found  alfo  in  ftratified  mountains. 
It  occurs  chiefly  In  veins  accompanied  by 
quartz,  heavy  fpar,  and  calcareous  fpar,  by  va- 
rious other  ores  of  filver,  as  well  as  fpathofe 
iron,  arfenical  pyrites  and  cobalt,  &c. 

This  ore  is  abundant  in  Peru  and  Mexico., 
where  folid  maffes  of  filver  hai'e  been  found 
weighing  30  or  40  lbs.  In  Europe  it  is  found 
moft  plentifully  in  Saxony,  Bohemia,  and 
Swabia.  The  mines  of  Kongsberg  in  Norway, 
which  ufed  to  furnifli  this  ore  are  now  almoft 
entirely  exhaufted.  The  Hungarian  mines 
afford  a confiderable  quantity  of  this  ore,  and 
it  has  been  recently  difcovered  in  Cornwall. 
In  Afia  and  Africa  filver  appears  to  be  lef» 
plentiful  than  gold. 

Sp.  2.  Silver  Amalgam.  For  an  account 
of  this  ore  fee  Mercury,  ores  of. 

Sp.  3.  Antimonial  Silver.  Spiefglas  Silber, 
Wern.  Argent  Antimonial,  Broch. 

Its  colour  is  tin-white,  approaching  more  or 
lefs  to  filver-white;  by  expofure  to  the  air  it  is 
often  fuperficially  tarnlflied,  and  then  exhibits 
various  iridefeent  colours.  It  occurs  in  mafs, 
difleminated,  in  kidney-fhaped  mafles,  or  cryftal- 
lized:  the  forms  of  its  cryftais  are  the  following. 

1.  The  regular  hexahedral  prifm:  fometimes 
the  prifm  is  very  fliort  fo  as  to  become  tabular: 
fometimes  its  lateral  edges  are  truncated,  which 
gives  it  a cylindrical  appearance. 

2.  A fomewhat  oblique  four-fided  prifm, 
which  is  often  nearly  cubical. 

The  cryftais  are  fmall  and  very  fmall;  the 
prifms  are  longitudinally  ftriated,  but  all  the 
other  faces  are  fmooth.  Externally  it  is  gliften- 
ing,  Internallv  it  is  brilliant,  with  a metallic 
luftre.  Its  frafture  is  lamellar  in  one  dire£lion, 
but  in  others  is  flat  conchoidal.  It  prefents 
granular  concretions  of  various  fizes.  It  ac- 
quires a luftre  by  fricHon ; is  moderately  hard 
and  brittle.  Sp.  gr.  9.44 — 10. 

Before  the  blowpipe  on  charcoal  this  mineral , 
readily  enters  Into  fufion,  the  antimony  then 
flies  off  In  a white  vapour,  with  its  peculiar 
odour,  and  there  remains  a globule  of  filver 
furrounded  with  a brownifli  flag,  which  colours 
glafs  of  borax  green. 

It  has  been  analyfed  by  Selb,  Klaproth, 
Vauquelin  and  Abich,  with  the^  following 
refults. 


' An,  Chjm.  tom.  2J. 


» Klrwan.  Emmerling.  Erochant.  Jamefon.  Hau/. 
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Silver 

89 

84 

Antim. 

— II 

— 14 

Selb. 

Klapr. 

The  fine-grained  variety  from  Wolfach. 

76 

— 24 

Do. 

The  coarfe-gn-rined  from  Do. 

77 

— 23 

Do. 

From  Andreafberg. 

78 

— 22 

Vauq. 

From  Do. 

75.25 

— 24.7s 

Abich. 

From  Do. 

It  occurs  in  veins  of  calcareous  fpar  and 
heavy  fpar,  accompanied  by  native  filver,  gale- 
na, and  occafionally  brown  blende,  iron  pyrites, 
and  grey  copper. 

It  is  found  at  Wittichen  and  Altwolfach,  in 
the  territory  of  Fiirftenberg,  at  Andreafburg 
in  the  Hartz,  and  at  Cafalla  near  Guadalcanal, 
in  Spain. 

Sp.  4.  Arfenical  Silver.  Arfenik  Silhery 
Germ.  Argent  Arfenical,  Broch. 

Its  colour  is  tin-white,  paffing  into  light  lead 
grey,,  it  is  fuperficially  tarnilhed  yellowifli  or 
fteel  grey.  It  occurs  in  mafs,  dilTeminated,  in 
fmall  globular  or  kidney-fliaped  mafTes,  or 
cryftallized : the  forms  of  its  cryllals  are 

1.  The  regular  hexahedral  prifm.  Some- 
times it  is  fomewhat  comprefled,  or  rounded 
on  its  lateral  edges. 

2.  An  acute  fix-fided  pyramid  with  the  fum- 
mit  truncated. 

Internally  it  is  more  or  lefs  fliining  with  a 
metallic  luftre.  Its  fra<Sl:ure  is  fmall  lamellar, 
either  ftrait  or  curved.  The  maflive  varieties 
prefent  fine  grained  diftindt  concretions  ; the 
globular  and  kidney-fliaped  are  compofed  of 
thin  curved  concentric' lamellae. 

It  acquires  a luftre  by  fri£lion,  is  rather  foft 
and  brittle. 

Before  the  blowpipe  it  melts,  and  the  arfenic 
and  antimony  are  volatilized;  there  remains 
behind  an  impure  bead  of  filver. 

A fpecimen  analyfed  by  Klaproth  confift- 
ed  of 


Iron  - - - 
Arfenic  - - 
Silver  - - 
Antimony  - 

- - 44.25 

- - 35. 

- - 12.75 

- - 4. 

96. 

It  occurs  in  veins  of  calcareous  fpar  w'lth 
native  arfenic,  red  and  fulphuretted  filver  ores, 
galena,  and  blende. 

It  is  met  with  at  Andreafberg  in  the  Hartz, 
and  Altwolfach  in  Swabia. 

Sp.  5.  Carbonated  Silver.  Calciform  Silver 
trc,  Kirw.  Luftfaures  Siller,  Wid. 

Its  colour  is  greyifn  paffing  to  iron  black. 
It  occurs  in  mafs  or  dilleminated.  Its  luftre  is 
metallic,  varying  from  glimmering  to  fliining. 


Its  fra£ture  is  fine-grained  uneven,  paffing  into 
earthy.  It  acquires  a polifli  by  fri6fion.  • It  is 
foft,  not  very  brittle,  and  of  a high  fpecifie 
gravity. 

It  is  fufible  with  eafe  before  the  blowpipe 
into  a metallic  globule.  Its  component  parts, 
according  to  Selb,  are 

72.5  Silver 

12.  Carbonic  acid 

15.5  Oxyd  of  antimony  and  a trace  of  copper 


100. 


It  was  found  in  1788  at  Altwolfach,  in  a 
vein  of  heavy  fpar,  with  native  and  fulphuretted 
filver  and  grey  copper. 

Sp.  6.  Hornfilver.  Hornerz, 'Wern.  Ar- 
gent come,  Broch. 

Of  this  ore  there  are  the  two  following 
fubfpecies. 

I Subfp.  Common  Hornfilver. 

Its  colour  is  pearl-grey,  paffing  on  the  one 
hand  to  milk  white,  and  on  the  other  to  lead- 
grey  and  violet  blue,  fometimes,  though  rarely, 
it  has  an  olive  or  leek  green  tinge.  It  occurs 
in  mafs,  dilTeminated,  fuperficial,  in  roundifli 
hollow  balls,  and  cryftallized  in  cubes  and 
acicular  cryftals.  The  cryftals  are  fmall  and 
very  fmall,  and  varioufly  aggregated.  Exter- 
nally it  is  more  or  lefs  fliining;  internally  it' 
varies  from  fliining  to  gliftening,  and  has  a 
refinous  luftre.  Its  fra£l;ure  is  fine-grained 
uneven,  paffing  into  flat  conchoidal.  It  is 
commonly  tranflucent.  It  takes  a poliffi  by 
frieftion.  It  is  very  foft,  ductile,  and  flexible 
when  in  thin  plates.  Sp.  gr.  4.74 — 4.80. 

When  heated  on  charcoal  by  the  blowpipe, 
it  enters  into  fpeedy  fufion,  at  the  fame  time 
difengaging  a difagreeable  odour,  and  aftbrds  a 
globule  of  metallic  filver.  The  maflive  horn- 
filver of  Saxony  has  been  analyfed  by  Klaproth 
with  the  following  refult. 

67.75  Silver 
21.  Muriatic  acid 

6.  Oxyd  of  Iron 

1.75  Alumine 
0.25  Sulphuric  acid  - 

96.7s 
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It  occurs  In  veins  of  quartz,  calcareous  fpar, 
and  heavy  fpar,  accompanied  by  native  filver 
and  other  ores  of  the  fame  metal,  alfo  by  iron 
ochre,  galena,  malachite,  grey  copper,  and 
cobalt  ochre. 

It  is  fometimes  invlfibly  dlfperfed  through 
compaft  limellone,  forming  the  alkaline  ore  of 
Jufti,  and  which  contains  about  2 oz.  of 
muriated  filver  in  the  quintal. 

Hornfilver  occurs  in  confiderable  abundance 
in  the  Mexican  and  Peruvian  mines:  the  Saxon 
and  Bohemian  mines,  efpecially  thofe  of  Johann- 
georgenftadt,  ufed  to  afford  great  quantities  of 
it,  and  it  is  ftill  found  there,  though  by  no 
means  fo  plentifully  as  formerly.  It  is  alfo  met 
with  at  Schemnitz  in  Hungary,  Chalanches 
near  Allemontin  France,  and  rai'ely  in  Cornwall. 

2 Subfp.  Earthy  Hornfilver.  Buttcrmilcherzy 
Germ. 

Its  colour  is  greenilh-white.  Hate  blue,  or 
reddifli  brown.  It  occurs  in  thin  fuperficial 
crufts,  or  diffeminated.  It  is  without  luftre. 
Its  fraHure  is  fine  grained,  earthy.  It  is  very 
foft,  almoft  friable;  is  brittle;  acquires  a flight 
greafy  luftre  by  fridtion;  it  is  fomewhat  unc- 
tuous to  the  touch. 

When  expofed  to  the  blowpipe  it  flightly 
agglutinates,  and  minute  globules  of  filver  make 
their  appeai'ance.  It  confifts,  according  to 
Klaproth,  of 

24.64  Silver 
8.28  Muriatic  acid 

67.08  Alumine  with  a trace  of.copper 
100. 


It  occurs  at  Andreafberg  in  the  Hartz. 

Sp.  6.  Red  Silver  ore.  Ruby  Silver. 
Rothgultigerz,  Wern,  Argent  rouge,  Broch. 

Its  colour  is  carmine  red,  light  blood  red, 
cochineal  red,  paffmg  into  lead-grey,  and  iron 
black.  It  occurs  in  mafs,  diifeminated,  in 
kidney-fhaped  pieces,  in  membranes  and  cryf- 
tallized.  Its  primitive  cryftalline  form  is  an 
obtufe  rhomboid,  the  plane  angles  of  which 
meafure  104°  28'  and  75°  32':  it  alfo  prefents 

1.  The  ftraight  fix-lided  prifm. 

2.  A fix-fided  prifm,  truncated  by  trihedral 
fummits  with  rhomboldal  faces. 

3.  'Fhe  fame  as  the  preceding  with  the 
lateral  edges  of  the  fummits  truncated. 

4.  The  fame  as  var.  2 with  the  point  of 
the  fummit  replaced  by  a triangular  plane. 

5.  The  fame  as  var.  2 with  all  the  edges 
truncated. 

6.  A dodecahedron  compofed  of  two  fix- 


fided  pyramids,  with  fcalene  triangular  face* 
joined  bafe  to  bafe. 

7.  The  preceding,  with  the  pyramids  (greatly 
lengthened)  truncated  and  terminated  by  fix- 
fided  pyramids  with  triangular  faces,  or  trihe- 
dral pyramids  with  rhomboidal  faces. 

8.  Acicular  prifms. 

The  cryftals  are  fmall  and  very  fmall,  and 
often  occur  in  drufes.  Externally  they  are 
more  or  lefs  brightly  fhining  with  a luftre  be- 
tween that  of  the  diamond  and  femi-metallic. 
Internally  this  mineral  is  fhining  or  glimmering 
with  a femi-metallic  luftre.  Its  fracture  is 
large  or  fmall-grained  uneven,  alfo  imperfedtly 
and  fmall  conchoidal  and  rarely  imperfeHly  la- 
mellar. The  fmall  light  coloured  cryftals  are 
often  tranfparent,  other  varieties  are  tranflucent 
and  even  opake.  When  fcraped  it  affords  a 
powder  of  a bright  orange-red  paffing  into  dull 
crimfon.  It  is  foft,  moderately  brittle  and 
e.afily  frangible.  Sp.  gr.  about  5.6. 

When  expofed  to  the  blow-pipe  it  crackles 
and  flies  before  it  becomes  red-hot ; it  then 
melts  with  a flight  effervefcence  emitting  a yel- 
low vapour,  and  at  length  yielding  a globule 
of  filver. 

The  light  coloured  variety  has  been  analyfed 
by  Klaproth  and  Vauquelin,  with  the  following 
refults, 

Klapr.  Vauq. 


56.67  Silver 

16.13  Antimony 
15.07  Sulphur 

o.  Sulphuric  acid 

12.13  Oxygen 


100. 


100. 


100. 


It  occurs  in  veins  with  quartz,  calcareous 
fpar,  brown  fpar,  native  arfenic,  iron  pyrites, 
galena,  blende,  various  filver  ores,  and  occafi- 
onally  native  gold.  It  is  met  with  at  Kremnitz 
and  Felfobanya  in  Hungary,  Freyberg  in  Sax- 
ony, Andreusberg  in  the  Hartz,  Joachimfthal 
in  Bohemia,  Guadalcanal  in  Spain,  and  St. 
Marie  aux  Mines  in  France. 

Sp.  7.  Sulphurated  filver  ore.  Silber 
glaferz,  JVern.  Glanzerz.  Lem.  Argent  vi- 
treux.  Broch. 

Its  colour  is  deep  lead-grey,  pafling  into 
greyifh  black;  on  the  furface  it  is  often  more 
or  lefs  iridefcent.  It  occurs  in  mafs,  diffemin- 
ated,  membranous,  capillary,  dendritic,  cor- 
roded or  cryftalllzed. 

I.  In  double  four-fided  pyramids,  not  un- 
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frequently  truncated  on  the  edges  or  folid 
angles. 

2.  In  cubes,  either  perfect  or  truncated  on 
the  edges  or  folid  angles. 

3.  In  rhomboidal  dodecahedrons. 

The  cryftals  are  generally  fmall  and  vari- 
oufly  grouped  together.  The  furface  of  the 
cryftals  is  commonly  fmooth,  but  fometimes 
drufy.  Internally  it  is  fhining  or  gliftening, 
with  a metallic  luftre.  Its  frafture  is  fmall 
grained  uneven,  fometimes  flat  conchoidal  or 
imperfe£Uy  lamellar.  It  acquires  a polifti  by. 
friilion.  It  is  foft,  confiderably  malleable  and 
flexible.  Sp.  gr.  6.9 — 7.2. 

Before  the  blow-pipe  it  melts,  parts  by  de- 
grees with  its  fulphur,  and  affords  a bead  of 
metallic  filver.  When  expofed  to  a gentle  heat 
infufficient  for  its  fufion  it  becomes  covered 
with  filaments  of  metallic  filver,  as  was  firft 
obferved  by  Schreiber. 

It  has  been  analyfed  by  Klaproth,  Sage,  and 
Bergman,  with  the  following  refults: 


Klapr. 

Sage. 

Berg, 

85  “ 

84 

— 

75 

15  — 

16 

— 

25 

100 

100 

100 

It  occurs  in  veins  with  quartz,  calcareous 
fpar,  heavv  fpar,  native  filver,  galena,  iron  and 
copper  pyrites,  and  blende. 

'i’he  moft  fplendid  fpecimens  of  this  mineral 
come  from  Mexico,  confifting  of  groupes  of 
cryftals  covered  with  capillary  native  filver  two 
or  three  inches  in  length;  it  is  alfo  found  in 
Peru;  in  the  Saxon,  Bohemian,  Swabian,  and 
Hungarian  mines,  at  Kongsberg  in  Norway, 
Schlangenberg  in  Siberia,  and  Allemont  in 
France. 

The  tenacity  of  this  mineral  is  fo  great,  that 
Auguftus,  king  of  Poland,  had  fome  medals 
(truck  of  it. 

Sp.  8.  Brittle  fulphurated  filver.  Sproed- 
glaferz.  Wern.  Argent  vitreux  aigre.  Broch. 

Its  colour  is  iron  black,  paffmg  into  fteel  and 
lead  grey.  It  occurs  in  mafs,  diffeminated, 
membranous,  and  often  cryftallized.  Its  forms 
are, 

1.  The  (trait  fix-fided  prifm  with  plane  or 
convex  terminations.  When  the  prifm  is  very 
fhort  a fix-fided  table  is  produced : and  when 
the  prifm  intervening  between  the  convex 
fummits  is  fuppreffed  the  refult  is  a lenticular 
cryftal. 

2.  A fix-fided  prifm  terminated  by  fix-fided 
pyramids  which  are  often  deeply  truncated.  1 

The  tabular  cryftals  often  interfeil  each 

YOL.  II. 


Other  and  thus  form  cellular  groups.  The 
cryftals  are  generally  very  fmall ; their  furface 
is  fometimes  fmooth,  fometimes  drufy,  the 
prifms  are  ftriated  longitudinally.  The  external 
luftre  of  this  mineral  is  generally  very  brightly 
(hilling;  internally  it  varies  from  gliftering  to 
(hilling,  with  a metallic  luftre.  Its  fradture  is 
fine  grained,  uneven,  paffmg  into  fmall  conchoi- 
dal. It  is  foft,  brittle,  and  eafily  frangible. 
Sp.  gr.  7.2. 

Before  the  blowpipe,  on  charcoal,  it  melts, 
gives  out  a white  vapour  and  affords  a metallic 
globule  furrounded  by  fcorias,  but  this  globule 
is  not  malleable  except  by  fubfequent  fufion 
with  nitre  and  borax.  Its  contents,  according 
to  an  analyfis  by  Klaproth,  are, 

66.5  Silver 
10.  Antimony 

5.  Iron 
12.  Sulphur 

0. 5  Copper  and  arfenic 

1.  Earthy  impurities 


It  occurs  in  veins  accompanied  by  white  fil- 
ver ore  (into  which  it  often  paffes)  ruby  filver, 
galena,  rarely  cinnabar  and  gold.  It  is  met 
with  in  Hungary,  Tranfilvania,  Saxony,  Bohe- 
mia and  Swabia,  Norway,  France,  Siberia,  and 
Peru,  but  is  upon  the  whole  confiderably  rarer 
than  the  preceding  fpecies. 

Sp.  9.  Bifmuthic  filver.  Wifmuthifches 
filber.  Etnmerl.  Argent  bifmuthifere.  Broch. 
Its  colour  is  a light  lead  grey  which  becomes 
deeper  by  expofure  to  the  air.  It  occurs  gene- 
rally difleminated,  rarely  in  mafs.  Internally 
it  has  a gliftening  metallic  luftre.  Its  fradlure 
is  fine-grained  une\"en.  It  is  foft  and  not  very 
brittle. 

When  expofed  on  charcoal  to  the  blowpipe, 
metallic  globules  begin  foon  to  ooze  out  from 
it;  on  the  addition  of  borax  the  metallic  parts 
collecl  in  one  mafs,  and  the  flux  acquires  an 
amber  colour.  The  metallic  button  is  iridef- 
cent externally,  and  tin  white  internally;  it  is 
alfo  brittle. 

The  contents  of  this  ore,  according  to  Klap- 
roth, are, 

33.  Lead 
27.  Bifmuth 
15.  Silver 
4.3  Iron 
0.9  Copper 
16.3  Sulphur 


1 f 


96.5 
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It  is  a fubftance  of  rare  occurrence,  having 
been  found  only  in  a mine  in  the  valley  of 
Shapbach  in  the  Black  Foreft.  It  is  accompa- 
nied by  quartz,  hornftone,  and  copper  pyrites. 

Sp.  lo.  White  filver  ore.  Weiflgultigerz, 
Wern.  Mine  d’ argent  blanche.  Brock. 

Its  colour  is  light  lead-grey,  pafling  fome- 
times  to  fteel-grey.  It  occurs  in  mafs  and  dif- 
feminated.  Internally  it  has  a gliftening  me- 
tallic luftre.  Its  frafture  is  even,  pafling  into 
fine-grained  uneven;  when  this  latter  is  the 
cafe  it  is  generally  in  a ftate  of  tranfition  to  the 
brittle  fulphurated  filver  (Sp.  8)  fometimes  it 
has  a tendency  to  the  fibrous  texture,  and  ap- 
pears to  be  paflTing  into  plumofe  antimony.  It 
gives  a fnining  ftreak;  is  foft,  not  very  brittle; 
eafily  frangible.  Sp.  gr.  5.32. 

Before  the  blowpipe  it  in  part  evaporates, 
leaving  on  the  charcoal  a filver  bead  furrounded 
with  yellow  powder.  Both  the  light  and  dark 
coloured  varieties  have  been  analyfed  by  Klap- 
roth with  the  following  refults: 

Light  Dark 

48.06  — 41. 

20.4  — 9.25 

— 21.5 

— I-7S 

— 22. 


7.88 

2.25 

12.25 

7- 

0.25 


— 0.75 


Lead 

Silver 

Antimony 

Iron 

Sulphur 

Alumine 

Silex 


98.09 


97.25 


It  is  procured  from  the  mine  Himmelfurfl 
near  Freyberg,  where  it  occurs  in  veins  ac- 
companied by  galena,  red  filver,  brittle  ful- 
phurated filver,  plumofe  antimony,  brown  fpar, 
and  calcareous  fpar. 

. II.  Grey  filver  ore. 

This  fpecies  has  lately  been  introduced  by 
Klaproth  among  the  filver  ores  as  differing  ef- 
fentially  from  the  white  filver  ore  with  which 
it  is  confounded  by  the  Hungarian  miners. 
It  occurs  in  mafs  or  diffeminated  through  white 
quartz  at  Kremnitz  in  Hungary,  and  appears  to 
be  only  a variety  of  Fahlerz  or  grey  copper. 
It  confifts,  according  to  Klaproth,  of, 

14.97  Silver 
31.36  Copper 
34.09  Antimony 
3.3  Iron 
1 1.5  Sulphur 
0.3  Alumine 


Graugultigerz. 


95.52 


Sp.  12.  Black  filver  ore.  Schwarzgultigerz. 
Wern. 

Its  colour  is  iron-black,  paflTmg  into  fteel- 
grey.  It  occurs  maffive,  diffeminated,  and 
cryftallized  in  trihedral  pyramids  bevilled  on 
the  edges  and  folid  angles.  The  cryftals  are 
middle-fized  andfmall.  Internally  it  is  fhining 
with  a metallic  luftre.  Its  frafture  is  fmall 
conchoidal  paffing  into  uneven.  It  is  moderately 
hard,  brittle,  and  eafily  frangible. 

It  has  not  been  analyfed,  and  appears  to  be  a 
mere  variety  of  the  preceding. 

Sp.  13.  Sooty  filver  ore.  Silberfchwarze. 
Wern.  Argent  noir.  Brock. 

Its  colour  is  bluifh-black  paffing  into  lead- 
grey.  It  occurs  in  mafs,  difleminated,  carious, 
fuperficial  or  in  rounded  pieces.  Its  confiftence 
is  between  folid  and  friable.  It  is  dull  but  ac- 
quires a metallic  luftre  by  fricSlion.  It  ftains 
in  a flight  degree,  is  foft,  and  fomewhat  mal- 
leable. 

When  expofed  to  the  blowpipe  it  melts 
eafily  inco  a flag,  and  by  continuing  the  heat  a 
portion  is  volatilized  and  there  remains  behind 
a dull  looking  globule  of  filver. 

It  has  not  been  analyzed  but  is  fuppofed  to 
be  a mixture  of  fulphurated  and  horn  filver  in 
a ftate  of  feini-decompofition. 

It  occurs  in  veins  accompanied  by  heavy 
fpar,  native,  fulphurated,  and  horn  filver  ores, 
iron  ochre,  malachite,  and  galena.  It  is  met 
with  at  Schemnitz  and  Kremnitz  in  Hungary, 
Joachimfthal  in  Bohemia,  Freyberg  in  Saxony, 
and  Allemont  in  France. 

§.  2.  etnd  Anal'jjls  of  Ores. 

The  AJfay  of  thefe  ores  having  in  view  merely 
to  afcertain  the  proportion  of  filver  which  they 
contain,  is  generally  conduced  in  the  dry  way. 
For  this  purpofe  the  ore  being  roafted  and 
pulverized  is  to  be  mixed  with  litharge,  in  pro- 
portion to  the  earthy  contents  of  the  ore,  and 
haftily  vitrified;  the  mafs  thus  produced  being 
pulverized  and  mixed  with  black  flux  is  to  be 
fufed  in  a crucible  with  a fufficient  heat;  the 
confequence  will  be  that  the  lead  of  the  li- 
tharge being  revived  will  colledt  in  a button  at 
the  bottom  of  the  crucible,  carrying  with  it  the 
whole  of  the  filver  with  fome  of  the  other  me- 
tals that  may  happen  to  be  prefent;  this  button 
together  with  fuch  a quantity  of  pure  lead  as 
may  be  requifite,  is  to  be  fubjefted  to  cupella- 
tion,'  by  which  all  the  bafe  metals  are  fcorified, 
the  filver  remaining  behind  in  a ftate  of  purity, 
or  at  moft  only  combined  with  the  gold  which 
many  of  the  ores  of  filver  contain  in  a fmall 
proportion,  and  which  may  be  feparated  from  it 
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by  methods  which  have  been  already  defcribed 
when  treating  of  that  metal  and  of  the  art  of 
ASSAYING.  Two  or  more  aflays  of  the  fame  ore 
mull  be  undertaken,  and  no  dependence  ought 
to  be  placed  on  the  refult  except  they  very 
nearly  correfpond. 

The  attaints  of  an  ore  differs  from  its  affay  in 
this,  namely,  that  its  objeft  is  to  afeertain  not 
one  alone,  but  the  whole  of  its  ingredients,  and 
therefore  mufl  be  undertaken  in  the  moift  way. 
For  the  moft  numerous  and  befl  analyfes  of  the 
various  ores  of  filver  we  are  indebted  to  Klap- 
roth, and  as  mod  of  thefe  are  models  of  chemical 
{kill  and  dexterity,  we  fhall  relate  the  particulars 
of  them,  with  fuch  remarks  as  the  fubjedt  may 
require. 

I . Hortifdvtr. ' Two  hundred  grains  of  a maf- 
five  variety  of  this  mineral  were  treated  with 
thrice  their  weight  of  pure  nitric  acid,  but  no 
perceptible  action  took  place,  either  in  the  cold 
or  at  a boiling  heat,  except  that  a little  iron 
ochre  was  feparated.  The  folution  being  de- 
canted and  mixed  with  ammonia,  an  additional 
portion  of  oxyd  of  iron  was  thrown  down  ; the 
fupernatant  liquor  became  opalefcent  on  mixture 
W’ith  muriatic  acid,  but  no  precipitate  was  depo- 
fited } hence  it  was  manifed  that  the  muriated 
filver  in  the  ore  was  not  mixed  with  any  in  the 
metallic  or  fulphurated  date,  otherwife  it  would 
have  been  taken  up  by  the  nitric  acid  and  have 
afforded  a precipitate  with  the  muriatic  acid. 
The  infoluble  part  of  the  ore  was  then  treated 
with  twice  its  w'eight  of  fait  of  tartar,  and 
yielded  133  grains  of  reguline  filver.  On  this 
preliminary  information  the  following  analyfis 
W'as  founded. 

a.  Two  hundred  grains  of  the  ore  w'ere  mixed 
with  600  grains  of  caudic  potafh,  and  fufed  in 
a glafs  retort.  if\fter  refrigeration,  the  neck  of 
the  retort  being  broken  off,  the  fufed  mas  w^as 
foftened  with  hot  water,  and  every  thing  foluble 
in  this  mendruum  being  taken  up  by  it,  the 
liquor  was  obtained  clear  by  filtration. 

b.  The  infoluble  portion  was  then  digeded 
in  nitric  acid,  by  which  the  greater  part  of  it 
W'as  taken  up. 

c.  'fhe  part  infoluble  in  nitric  acid  w'as  di- 
geded in  aqua  regia,  and  there  remained  undif- 
folvecl  a few  grains  of  a white  colour,  which 
proved  to  he  muriat  of  filver,  with  a little  of  the 
earthy  matrix  of  the  ore.  This  muriat  of  filver 
afforded  (probably  by  fufion  with  potadi)  2 grs. 
of  pure  filver.  The  nitro-muriatic  folution  being 
decompofed  by  ammonia,  gave  7 grains  of  oxyd 
of  iron. 

' Klap.  Annalyt 


d.  To  the  nitrous  folution  [b)  W'as  added  a 
folution  of  common  fait,  and  the  muriated  filver 
thus  obtained  afforded  by  fufion  with  foda, 
13+1  grains  of  pure  filver.  The  fluid  remain- 
ing after  the  feparation  of  the  muriated  filver, 
gave  by  faturation  with  ammonia  5 grains  of 
oxyd  of  iron. 

e.  The  alkaline  aqueous  folution  {a)  being 
faturated  with  didilled  vinegar,  there  precipi- 
tated 3I  grains  of  alumine ; which  being  fepa- 
rated the  liquor  was  evaporated  to  drynefs,  and 
the  produft  then  digefted  in  alcohol,  by  which 
the  acetite  of  potafh  was  taken  up,  leaving  the 
muriated  potafh  behind  ; which  latter  by  folu- 
tion in  water,  evaporation,  and  cooling,  yielded 
iiyf  grains  of  muriated  potafh. 

f.  The  muriated  potafh  being  again  diffolved 
in  water,  there  was  added  muriated  barytes,  by 
which  a precipitate  of  about  3 grains  of  fulphat 
of  barytes  was  obtained.  This  is  confidered  by 
Klaproth  as  indicative  of  grains  of  fulphated 
potafh,  which  reduces  the  amount  of  muriated 
potafh  to  1 16  grains,  in  which  the  muriatic  acid 
amounts  to  42  grains. 

From  thefe  refults  the  contents  of  the  ore  are 
flated  at  per  cent. 

67.75  Silver 
21.  Muriatic  acid 

6.  Oxyd  of  iron 

1.75  Alumine 

0.25  Sulphuric  acid 


96.75 

The  mode  of  analyfis  here  adopted  appears  to 
be  perfedbly  fatisfaftory,  but  there  feem  to  be 
a few  overfights  in  Hating  the  refults. 

1.  The  filver  is  a little  under-rated,  its  amount, 
according  to  proceffes  c.  and  d.  being  136.5  or 
68.25  per  cent. 

2.  There  is  no  notice  of  the  oxygen,  which 
forms  an  effential  part  of  muriated  filver,  and  in 
confequence  of  this  omilTion,  the  muriatic  acid 
is  probably  eflimated  much  too  high.  The 
amount  of  the  filver  may  be  confidered  as  afeer- 
tained  with  the  moft  exadbnefs  as  it  was  affually 
reduced  to  the  reguline  ftate.  Affuming  tliis 
therefore  as  the  bafis  of  our  calculations,  and 
that  100  parts  of  muriated  filver  confift  of  75.24 
filver,  8.16  oxygen,  and  16.6  acid,  it  follows 
that  136.5  of  filver  require,  in  order  to  be  con- 
verted into  muriat  of  filver,  14.72  of  oxygen 
and  30.04  of  acid.  But  30.04  of  muriatic  acid, 
when  faturated  with  potafli,  would  afford  only 
about  84  of  muriated  potafli,  inftead  of  116,  as 
Eir.  I.  p.  116. 
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obtained  by  procefs  f.  It  may  be  added,  as  a 
further  proof  of  the  amount  of  this  fait  being 
erroneoufly  ftated,  that  42  grains  of  muriatic 
acid  (contained  in  116  grains  of  muriated  pot- 
afli}  indicate  253  grains  of  muriated  filver,  which 
is  impoffible,  the  whole  amount  of  the  ore  being 
only  200  grains.  It  is  probable  therefore  that 
the  following  corre£ted  llatement  of  the  contents 
of  this  ore  is  nearer  the  truth  than  that  quoted 
above,  viz. 

68.29  Silver 
7.36  Oxygen 

15.02  Muriatic  acid 
6.  Oxyd  of  iron 
1.75  Alumine 
0.5  Sulphuric  acid 

98.88 

2.  R:'d  Silver,  **  This  ore  was  analyfed  by 
Klaproth  in  the  following  manner. 

a.  Five  hundred  grains  being  very  finely  pul- 
verized, were  digefted  for  feveral  hours  at  a low 
heat,  with  6 times  their  weight  of  ftrong  nitric 
acid  and  water  : a further  quantity  of  water  was 
then  added,  and  the  liquor  was  made  to  boil. 
The  nitrous  folution  being  poured  off,  the  un- 
ciiflblved  refidue  was  treated  with  an  equal 
portion  of  acid  as  at  firft,  and  managed  in  the 
lame  manner : the  whole  was  then  thrown  on 
the  filter,  and  the  infoluble  matter  was  well 
edulcorated. 

b.  The  two  nitrous  folutions  with  the  walh- 
ingS  being  added  together,  were  reduced  by 
evaporation  to  | of  their  bulk,  and  the  remain- 
ing liquor  depofited  by  cooling  a confiderable 
quantity  of  greyilh-white  cryftals  of  fulphated 
filver.  The  nature  of  thefe  cryftals  being  afeer- 
tained,  fome  water  was  added  to  the  fupernatant 
liquor,  and  by  a gentle  heat  the  whole  was  re- 
diffblved.  The  folution  was  then  combined  with 
muriatic  acid  as  long  as  any  precipitate  was  pro- 
duced, and  by  this  method  muriated  filver  was 
obtained,  which,  when  edulcorated  and  dried, 
weighed  391.5  grains. 

c.  The  fluid  from  which  the  above  precipitate 
had  been  obtained,  was  then  reduced  to  a fmall 
bulk  by  diftillation,  in  confequence  of  which  it 
became  turbid  and  depofited  i grain  more  of 
muriated  filver : nothing  now  remained  in  the 
liquor  except  fome  fulphuric  acid. 

d.  The  portion  infoluble  by  nitric  acid  (a) 
W’eighcd  202  grains,  and  was  digefted  in  aqua 
regia,  confifting  of  5 parts  muriatic  acid  and  i 
of  nitric.  After  the  adlion  of  this  menftruum 


there  reirtalned  65  grains  undiflblved,  which 
refidue  after  being  duly  waflied  and  dried,  was 
expoled  to  a gentle  heat,  in  confequence  of 
which  the  fulphur  burnt  off,  leaving  behind  6| 
grains  of  muriated  filver. 

e.  I'he  nitro-muriatic  folution  after  being 
concentrated  by  evaporation,  was  poured  into  a 
large  quantity  of  water,  upon  which  a white 
precipitate  fell  down,  weighing,  when  dried, 
-33  grains.  This  was  oxyd  of  antimony,  en- 
tirely unmixed  with  the  fmalleft  portion  of 
arfenic.  When  fufed  in  a covered  crucible 
with  tartar,  a button  of  reguline  antimony  was 
produced,  and  this  when  heated  on  a teft  before 
the  bellows,  w'as  volatilized,  leaving  behind  0.5 
grains  of  filver. 

f.  The  refidues  of  the  nitro-muriatic  folution 
[e)  and  of  the  nitric  folution  (c),  were  mixed 
together  and  diftilled  till  denfe  white  vapours 
began  to  rife  •,  this  concentrated  fluid  was  then 
diluted  with  water,  and  muriated  barytes  M^as 
added  as  long  as  any  decompofition  took  place. 
The  fulphat  of  barytes  thus  obtained  amounted 
to  194  grains. 

In  this  analyfis  the  muriat  of  filver  obtained 
amounted  to  399  grains,  which,  being  reduced 
to  the  metallic  ftate  furnifhed,  together  with  the 
half  grain  of  filver  contained  in  the  antimony, 
exadfly  300  grains  of  pure  filver,  a refult  which 
was  confirmed  by  two  affays  of  this  ore  on  the 
cupel,  each  of  which  yielded  30  per  cent,  of 
filver. 

In  order  to  afeertain  the  quantity  of  antimony 
contained  in  the  132  grains  of  white  oxyd,  100 
grains  of  reguline  antimony  were  digefted  in 
warm  muriatic  acid,  to  which  nitric  acid  was 
added  drop  by  drop,  till  the  whole  of  the  metal 
was  diffolved.  This  folution  being  concentrated 
by  evaporation  and  then  poured  into  water, 
afforded  130  grains  of  white  oxyd.  Hence  the 
above  132  grains  indicate  10 1.5  of  reguline 
antimony. 

With  refpecl  to  the  fulphuric  acid  which 
made  its  appearance  in  this  analyfis,  it  is  affirmed 
by  Klaproth  to  have  pre-exifted,  at  leaft  for  the 
moft  part,  in  the  ore,  and  not  to  have  been  pro- 
duced by  the  adfion  of  the  nitric  acid  upon  the 
fulphur,  for  the  following  reafons.  In  the  firft 
place  the  quantity  of  nitrous  gas  difengaged 
during  the  a£lion  of  the  nitric  acid  on  the  ore 
is  by  no  means  fufficient  to  account  for  the  pro- 
duftion  of  fo  large  a quantity  of  fulphuric  acid. 
Secondly,  fome  finely  pulverized  red  filver  ore 
being  digefted  with  ftrong  muriatic  acid,  the 
folution  was  found  to  contain  not  only  antimony 
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and  filver  but  alfo  fulphuric  acid.  Now  as 
muriatic  acid  is  incapable  of  acidifying  fulphur 
it  follows  that  the  above  mentioned  acid  mull 
have  pre-exifted  in  the  ore.  This  is  further 
confirmed  by  an  obfervation  of  Henkel’s  that 
the  filver  may  be  extra£led  from  the  red  ore 
merely  by  fucceffive  digeftions  in  muriatic  acid, 
which  could  not  have  happened  without  the 
prefence  of  fulphuric  acid  likewife.  We  flrall 
return  to  the  confideration  of  this  queftion 
prefently. 

The  analyfis  of  this  ore  by  Vauquelin®  was 
thus  conduced. 

«.  loo  parts  of  the  ore  finely  pulverized 
were  treated  with  400  parts  of  nitric  acid,  and 
200  of  water:  the  colour  of  the  mineral  became 
by  degrees  grey  and  then  pafled  into  white. 
During  the  whole  of  this  change  there  was 
no  perceptible  difengagement  of  nitrous  gas, 
whence  it  may  be  concluded,  fays  the  author, 
that  the  ingredients  of  the  ore  were  already 
fufficiently  oxygenated  to  diflblve  in  nitric  acid. 
After  a gentle  ebullition,  the  whole  v/as 
thrown  on  the  filter,  and  the  infoluble  portion 
after  edulcoration  weighed  42.06 

b.  The  infoluble  portion  was  digefted  in 
ftrong  muriatic  acid,  by  which  its  colour  became 
yellow,  and  its  amount  was  reduced  to  14.66. 
Being  then  laid  on  a hot  coal  it  burnt  entirely 
with  a blue  flame  and  all  the  other  chara£fers 
of  fulphur.  The  fulphur  of  the  ore  therefore 
may  be  reckoned  at  14.66 

c.  The  muriatic  folution  being  poured  into 
a large  quantity  of  water,  depofited  a white 
flocculent  precipitate  of  oxyd  of  antimony, 
weighing  21.25  compofed,  according  to 
Vauquelin,  of  16.13  antimony,  and  12.12 
oxygen. 

d.  The  nitrous  folution  {a)  was  mixed  with 
muriatic  acid,  and  furnifhed  72.66  of  muriated 
filver,  equivalent,  according  to  Bergman,  to 
56.67  of  metal. 

In  this  analyfis  by  Vauquelin  there  is  no 
mention  made  of  fulphuric  acid  which  was 
found  fo  abundantly  by  Klaproth:  and  in  order 
to  bring  this  matter  more  compleatly  to  an  iflue, 
100  parts  of  the  ore  were  digeited  with  a 
folution  of  cauftic  potafh.  As  foon  as  the  two 
fubftances  came  into  contaft,  the  colour  of  the 
ore  changed  firft  to  grey,  and  prefently  to  a 
deep  black;  66.  parts  remaining  undiilblved. 
Thefe  were  then  treated  with  dilute  nitric  acid 
at  a gentle  heat,  upon  which  a difengagement 
of  nitrous  gas  took  place,  and  the  undiflblved 
matter  amounted  only  to  8.  parts,  and  was 


fulphur.  The  nitric  folution  on  the  addition 
of  muriatic  acid  afforded  70  of  muriated  filver. 
The  alkaline  folution,  which  was  perfeftly 
clear  and  colourlefs,  gave,  when  treated  with 
muriatic  acid,  32.  of  antimonial  kermes:  after 
the  feparation  of  this,  the  refulual  liquor  was 
mixed  with  muriat  of  barytes  without  any  pre- 
cipitate being  formed:  hence  it  contained  no 
fulphuric  acid.  Indeed  Klaproth  himfelf  at  the 
conclufion  of  his  dilTertation  on  this  fubjed:,  is 
difpofed  to  think  that  the  fulphuric  acid,  as 
fuch,  does  not  exift  in  the  ore,  but  that  the 
whole  of  the  fulphur  is  in  the  ftate  of  oxyd, 
and  by  the  action  of  the  menftrua  employed 
in  the  decompofition  of  the  ore,  the  whole  of 
the  oxygen  unites  with  part  of  the  fulphur, 
converting  it  into  fulphuric  acid,  and  leaving  the 
remainder  of  the  fulphur  compleatly  deoxyge- 
nated.  But  we  do  not  fee  how  this  can  be 
the  cafe:  befides  it  is  obvious  that  the  filver  at 
leaft  muff;  be  in  the  ftate  of  oxyd,  fince  it 
diflblves  in  nitric  acid  without  producing  any 
nitrous  gas.  If  it  were  not  therefore  for  the 
circumftance  that  the  ore  when  treated  with 
Ample  muriatic  acid  gives  out  fulphuric  acid,  ^ 
we  fhould  be  difpofed  to  believe  that  the  ore  con-' 
tains  no  fulphuric  acid,  and  that  the  oxygen  is 
combined  notwith  the  fulphur  but  with  the  metal. 

3 . Sulphurated  Silver. 

The  analyfis  of  this  ore  by  Klaproth  is  very 
fimple.  After  being  cut  into  fhreds,  it  was 
digefted  with  8 times  its  weight  of  nitric  acid 
diluted  with  half  its  bulk  of  water.  When  the 
a£Hon  of  the  acid  had  ceafed  it  was  poured  ofF, 
and  the  infoluble  refidue  being  dried  and 
weighed,  was  burnt  on  a teft:  the  fulphur 
was  thus  driven  off,  and  there  remained  behind 
a little  fulphat  of  filver,  which  was  then  re- 
duced to  the  metallk  ftate  by  fufion  with  carbo- 
nated foda.  The  nitrous  folution,  on  the 
addition  of  common  fait,  gave  a precipitate  of 
muriated  filver,  and  nothing  elfe  remained  in 
the  liquor  except  a minute  portion  of  fulphuric 
acid  formed  no  ooubt  by  the  aiTtion  of  the 
nitric  acid  on  the  fulphur  of  tne  ore.  To 
confirm  this  analyfis  two  aflays  were  made  in 
the  dry  way,  and  the  quantity  of  filver  thus 
obtained  not  only  correfponded  precifcly  in  each 
of  them,  but  alfo  with  that  procured  in  the 
analyfis. 

4.  Brittle  Sulphurated  Silver, 

a.  100  parts  of  this  ore  \vhen  levigated 
were  boiled  in  dilute  nitric  acid  till  the  original 
black  colour  of  the  ore  had  changed  to  a 
greyifh  yellow. 
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b.  To  the  nitrous  folution  was  added  a 
folution  of  muriated  foda  by  which  a precipitate 
of  84.75  grs.  of  muriated  filver  was  obtained. 

c.  The  remaining  filtered  folution  was 
teiled  with  fulphat  of  Ibda,  but  no  precipitation 
took  place,  thus  ihowing  the  abfence  of  lead. 
An  excefs  of  caufiic  ammonia  was  then  added 
which  threw  down  a grey  precipitate  weighing 
5 grs.  This  when  heated  exhaled  a llight 
arfcnical  odour,  and  being  difiblved  in  nitric 
acid  afforded  a deep  blue  precipitate  with 
pruffiat  of  potafh;  thus  ihowing  it  to  be  oxyd 
oF  iron  with  a little  arfenic. 

d.  The  ammoniacal  folution  which  had  a light 
blue  colour,  w^as  flightly  fuperfaturated  with 
fulphuric  acid,  a polifhed  piece  of  iron  being 
then  inferred  was  tinged  with  copper,  but  in  fo 
fmall  a quantity  as  not  to  be  afeertained. 

e.  The  portion  of  the  ore  (a.)  infoluble  in 
nitric  acid  w'as  digefted  in  nitro-muriatic  acid, 
and  the  part  not  taken  up  by  this  menllruum 
amounted  to  13  grs.  of  which  12  were  burnt 
off  on  a teft,  and  were  fulphur;  the  remainder 
was  filex. 

y.  The  nitro-muriatic  folution  being  poured 
fnto  water  depofited  13  grs.  of  oxyd  of  anti- 
mony. 

5.  fVhite  filver  ore. 

a.  400  grs.  of  this  being  pulverized,  were 
mixed  with  4 oz.  of  ftrong  nitric  acid,  and  2 
oz.  of  water.  After  the  menftruum  had 
ceafed  to  a£l  it  was  poured  off  and  replaced  by 
20Z.  of  nitric  acid,  to  which,  after  being  di- 
gefled  for  fome  time,  were  added  8 oz.  of  water, 
and  the  whole  was  boiled.  The  undiffolved 
refidue  after  edulcoration  weighed  326  grs. 

b.  To  the  nitrous  folution  was  added  com- 
mon fait  by  which  muriated  filver  was  imme- 
diately precipitated,  and  after  a few  hours  were 
alio  depofited  cryftals  of  muriated  lead.  The 
mixed  precipitate  w'as  boiled  with  much  water, 
by  which  the  muriated  lead  was  difiblved,  and 
the  muriated  filver  obtained  pure ; from  this 
by  fufion  with  foda  were  obtained  81.5  grs.  of 
filver. 

c.  The  two  folutions  being  mixed  together, 
there  was  added  pure  ammonia  to  faturation, 
v.'hich  threw  down  a light  brown  fediment, 
weighing  40  grains.  This  was  redifiblved  in 
nitric  acid,  and  by  the  addition  firft  of  pru- 
fiated  potafh,  and  then  of  foda,  was  feparated 
into  12  grs.  oxyd  of  iron  and  28  alumine. 

d.  The  undifiblved  refidue  (a)  was  boiled 
in  repeated  portions  of  muriatic  acid,  and  at 
length  there  remained  only  51  grs.  which 
when  ignited  proved  to  be  49  grs.  of  fulphur, 


and  2 grs.  of  a refidue,  half  of  which  was  filex 
and  the  other  part  being  foluble  in  muriatic 
acid,  was  added  to  the  other  muriatic  folution. 

e.  The  muriatic  folution  was  repeatedly  eva- 
poiated  till  it  ceafed  to  depofit  cryllals.  Thefe 
being  collebfed,  and  mixed  with  twice  their 
weight  of  black  flux,  were  reduced  in  a lined 
crucible,  and  afforded  ibolgrs.  of  lead.  This 
lead  when  cupelled  emitted  a few  antimonial 
vapours,  and  left  behind  of  a grain  of  filver. 

f.  1 he  muriatic  folution,  after  the  mu- 
riat  of  lead  had  been  feparated,  was  poured 
into  water  and  depofited  a white  oxyd  of  anti- 
mony, which  being  mixed  with  foap  and  black 
flux  was  reduced  by  fufion  to  the  metallic 
flate.  In  this  procefs  however  a flight  portion 
of  the  antimony  was  volatilized  ; what  re- 
mained weighed  31.5  grs. 

6.  Grey  fiver  ore. 

a.  300  grs.  of  this  were  pulverized  and  di- 
gefted with  four  times  their  weight  of  nitric 
acid;  when  this  had  ceafed  to  aft  it  was 
poured  off  and  replaced  by  another  equal 
quantity  of  the  fame  acid.  The  undiffolved 
portion  was  of  a greylfh  yellow  colour,  and 
weighed  188  grs. 

b.  To  the  bright  green  nitric  folution  was 
added  a folution  of  muriated  foda,  and  the  pre- 
cipitate thus  obtained  afforded  by  fufion  with 
foda  31.5  grs.  of  filver. 

c.  The  filver  being  thus  feparated,  fulphat 
of  foda  was  added,  but  M’ithout  occafioning 
any  precipitate,  therefore  the  liquor  contained 
no  lead. 

d.  Cauftic  ammonia  was  then  added  to 
fuperfaturation,  upon  which  a brownifli  red 
fediment  fell  down,  which  when  ignited  weigh- 
ed 9.25  grs.  By  digeftion  in  nitric  acid  it 
difiblved,  with  the  exception  of  0.5  gr.  of  filex. 
Pruffiat  of  potafti  threw  down  from  the  folution 
a deep  blue  precipitate,  after  which  1.5  gr.  of 
alumine  was  obtained  by  means  of  foda.  Hence 
the  oxyd  of  iron  amounted  to  7.25  grs. 

e.  The  blue  ammoniacal  folution  was  now 
fuperfaturated  with  fulphuric  acid,  and  a piece 
of  poliflied  iron  procured  from  it  69  grs.  of 
copper. 

f.  The  iiifoluble  portion  («)  was  boiled 

with  fix  times  its  weight  of  muriatic  acid, 
which  being  poured  off  when  its  aftion  had 
ceafed,  there  remained  105.5  ^dl  un- 

diflblved. 

g.  The  muriatic  folution  being  concentrated 
by  evaporation,  depofited  a little  muriat  of 
filver,  from  which  0.25  gr.  of  metal  was 
obtained.  The  fluid  being  then  poured  into 
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water  afForded  97.25  grs.  of  antimonial  oxyd, 
equivalent  to  75  grs.  of  metal. 

h.  The  refidue  [f)  infoluble  in  muriatic 
acid,  weighing  105.5  grs.  was  ignited,  and  25.25 
grs.  of  fulphur  were  thus  burnt  off.  The  re- 
maining filex  was  then  .^ufed  v/ith  four  times 
its  weight  of  black  flux,  and  afterwards  diflblved 
in  water,  leaving  behind  it  0.75  gr.  of  fiiver. 
Hence  the  amount  of  filex  was  ^=79. 5 grs. 

7.  Bifmiithic  Silver  ore. 

Having  previoufly  afcertained  by  roafting  that 
this  ore  contained  fulphur  but  no  ai'fenic,  and 
having  obtained  by  cupellation  from  the  roafted 
ore  1 1. 1 6 per  cent,  of  filver,  the  analyfis  was 
thus  condu£fed. 

a.  300  grs.  were  digefted  firft  with  3 oz. 
of  nitric  acid  and  i oz.  of  water,  and  afterwards 
with  I oz.  of  the  fame  acid  and  \oz.  of  water: 
178  grs.  remained  undiflblved. 

b.  The  nitric  folution  being  concentrated  to 
the  cryftallizing  point  was  poured  into  a large 
quantity  of  water,  a white  powder  was  thus 
obtained  which  proved  to  be  oxyd  of  bifmuth, 
and  weighed  44.5  grs. 

c.  To  the  filtered  liquor  was  added  muriatic 
acid  as  long  as  any  turbidnefs  enfued.  The 
precipitate  thus  procured  was  then  digefted  in 
moderately  llrong  nitric  acid,  and  there  remain- 
ed behind  4“^  . grs.  of  muriated  filver. 

d.  The  laft  mentioned  nitrous  folution  was 
poured  into  water  and  afforded  32  grs.  of  oxyd 
of  bifmuth,  which  added  to  the  other  made  up 
76.5  grs.  equivalent  to  62.2  grs.  of  metallic 
bifmuth. 

e.  The  nitro-muriatic  liquor  was  then  eva- 
porated till  cryftals  of  muriated  lead  began  to 
form ; fulphurx  acid  was  then  added,  and 
evaporation  was  carried  on  till  the  whole  be- 
came thick.  The  fulphat  of  lead  thus  obtained 
when  wafhed  and  dried  weighed  19  grs 

f.  The  refidue  of  the  fluid  was  now  fuper- 
faturated  with  ammonia,  which  threw  down 
oxyd  of  iron,  which,  after  being  rendered 
magnetic  by  roafting  with  wax  in  a covered 
crucible,  weighed  14  grs. 

g.  Into  the  blue  ammoniacal  liquor  was 
placed  a bar  of  clean  iron,  by  which  2 grs.  of 
copper  were  precipitated. 

h.  The  infoluble  refidue  (a)  being  ignited 
loft  37.5  grs.  which  were  fulphur.  The  re- 
mainder was  boiled  firft  with  3 oz.  and  after- 
wards with  1.5  oz.  of  muriatic  acid.  This 
folution  being  evaporated  to  the  cryftallizing 
point  and  then  mixed  with  fulphuric  acid, 
depofited  by  evaporation  89.  grs.  of  fulphated 


lead,  which  added  to  the  19.  grs.  in  procefs  (e) 
is  equivalent  to  76.  grs  of  reguline  lead. 

/.  The  refidue,  infoluble  in  muriatic  acid 
confided  merely  of  the  quartzofe  matrix  of  the 
ore,  and  w eighed  after  ignition  70.  grs. 

§ 3.  Red u 3 ion  of  Ores. 

Although  it  appears  from  the  account  which 
we  have  given  of  the  ores  of  this  metal  that 
many  of  them  when  pure  are  very  rich  and 
mixed  with  a fmall  portion  comparatively  of 
other  metals,  yet  the  value  of  filver  is  fo  much 
greater  than  that  of  any  other,  excepting  gold, 
as  to  make  it  well  worth  while  to  work  as  filver 
ores,  thofe  which  contain  only  a very  minute 
quantity  of  this  precious  metal.  Hence  it  is 
that  in  praftice  the  filver  ores  contain  a much 
larger  proportion  of  foreign  matters  than  thofe 
of  the  inferior  metals  do,  and  will  allow  of 
being  fubje£ted  with  profit  to  much  more 
expenfive  procelfes  than  can  be  employed  for 
the  reduilion  of  the  others. 

All  the  different  methods  that  are  ufed  may 
be  arranged  under  two  heads,  namely,  i.  The 
method  by  fufion.  2.  That  by  amalgamation. 
We  fliall  begin  by  defcrlbing  the  moft  fimple  of 
the  former,  and  proceed  to  the  more  complex, 

ReduBion  by  F if  ion. 

I.  We  have  already  mentioned  under  the 
article  Lead,  that  galena,  or  the  native  fulphu- 
ret  of  this  metal,  generally  contains  a portion  of 
filver  Not  unfrequently  this  latter  ingredient 
is  in  fufficient  plenty  to  make  its  feparation 
from  the  lead  a profitable  undertaking.  The 
fmalleft  proportion  of  filver  which  it  is  worth 
while  to  be  at  the  trouble  of  extra£Hng  cannot 
be  laid  down  with  much  accuracy,  depending 
as  it  does  on  the  market  price  of  filver,  of  lead, 
of  fuel,  of  labour,  &c.  We  apprehend  that 
in  this  country  it  will  fcarcely  anfwer  with  any 
lead  that  contains  lefs  than  12  oz.  in  the  ton. 
It  is  obvious  that  the  richer  the  lead  is  in  filver 
the  better  is  it  able  to  pay  for  any  extraordi- 
nary care  in  its  preparation,  and  of  the  more 
confequence  it  becomes  to  extraift  from  the  ore 
as  great  a quantity  of  metal  as  pcffibie,  even  at 
an  expence  which  mere  lead  would  be  unable 
to  fupport. 

Argentiferous  galena  when  raifed  from  the 
mine,  is  generally  mixed  with  a larger  propor- 
tion of  ftony  matrix  than  common  galena,  be- 
caufe  in  confequence  of  the  filver  which  it  con- 
tains it  is  worth  the  miner’s  while  to  work 
much  fmaller  and  poorer  veins  of  ore,  than  if 
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the  profit  was  to  depend  on  the  lead  alone.  It 
may  be  further  obLrved  that  the  filver  is  for 
the  moft  part  accompanied  by  antimony  which 
hardens  the  lead  and  greatly  deteriorates  its 
quality  except  this  ingredient  is  driven  off; 
nov/  the  only  economical  method  of  getting  rid 
of  it  is  by  the  very  fame  procefs  by  which  the 
filver  is  obtained ; thus  a double  advantage  en- 
fues,  the  filver  is  feparatcd  from  the  lead,  and 
the  lead  by  being  at  the ' fame  time  deprived  of 
the  antimony,  is  rendered  fofter  and  more  mar- 
ketable. 

The  proportion  of  filver  contained  in  galena 
is  extremely  variable.  The  richeft  that  w'e 
have  heard  of  was  formerly  dug  in  Brunghill 
Moor  in  the  diftri£l:  of  Craven  in  Yorkfhire  ; 
it  contained  about  230  oz.  of  filver  per  ton  of 
lead.  The  Cardiganfiiire  mines,  near  Plinlim- 
nron,  in  the  reign  of  Charles  I.  afforded  a lead 
which  yielded  80  oz.  per  ton.  The  Durham 
and  Weftmoreland  leads,  by  which  the  North- 
umberland refineries  are  at  prefent  fupplied, 
yield  upon  the  average  about  17  oz.  of  filver 
per  ton.  The  large  refinery  at  Poullaouen  in 
Brittany,  is  fupplied  with  lead  of  various  quali- 
ties, the  average  produce  of  which,  exceeds  39 
oz.  per  ton.  Of  the  different  proceffes  carried 
on  at  this  eftablifliment,  an  excellent  account 
has  been  publiflied,*^  of  which  we  fliall  give  an 
abridgement,  noticing  at  the  fame  time,  thofe 
particulars  in  which  it  is  inferior  to  the  beft 
Englifh  pradHce. 

The  ore,  which  Is  very  largely  mixed  with 
gangue,  is  firft  drefled  by  hand  and  afterwards 
fiamped  and  wafhed  by  means  of  the  common 
apparatus.  Being*  thus  brought  to  the  confid- 
ence of  fand,  and  containing,  befides  argentifer- 
ous galena,  a fmall  portion  of  blende,  of  iron 
pyrites  and  of  the  earthy  gangue,  it  is  delivered 
to  the  fmelter.  The  reduftlon  of  the  ore  is 
effefted  at  two  proceffes;  the  firft,  which  is 
roafting,  is  performed  in  a com.mon  reverbera- 
tory. Here  it  is  expofed  at  firft  to  a bright 
red  heat,  vidiich  however  is  gfadually  dlmi- 
niflied  as  the  fulphur  is  volatilized  for  fear  of 
bringing  the  mafs  to  a ftate  of  fufion.  In 
about  an  hour’s  time  the  furface  of  the  ore 
begins  to  clot,  which  is  the  fignal  for  turning  it 
over  with  long  fpades,  in  order  to  expofe  frefli 
furfaces  to  the  action  of  the  heat.  If  this  bu- 
finefs  is  duly  performed,  in  about  five  or  fix 
hours  the  fulphur'eous  vapours  will  have  nearly 
ceafed,  and  in  confequeiice,  the  flame  playing 
on  the  furface  of  the  ore  will  have  changed 
from  blue  to  reddifli  white,  thus  fhewing  that 


the  roafting  is  compleat.  The  fecond  procefs 
commences  by  throwing  upon  the  furface  of 
the  half-oxydated  ore  a few  fpadefuls  of  char- 
coal, and  pufhing  the  fire  vigouroufly;  by  this 
treatment,  globules  of  melted  lead  begin  to 
exude  and  colle£l  in  a mafs  in  the  cavity  or 
bafoq  of  the  furnace,  with  the  unreduced  part 
floating  on  Its  furface.  In  about  an  hour,  or 
an 'hour  and  a half,  a fulficient  quantity  of 
melted  metal  is  collected  for  the  firft  running; 
upon  which  a little  quicklime  is  thrown  in, 
which  coagulates  the  fluid  fcoriae,  and  thefe  be- 
ing raked  to  the  fide,  the  bafon  is  pierced  with 
an  iron  bar,  and  difcharges  the  melted  metal 
which  it  contains  into  a hemifpherical  refervoir 
adjoining  the  furnace.  The  channel  formed 
by  the  bar  is  now  clofed  with  clay,  and  in 
about  an  hour  after  the  firft  running  a fuffici- 
ent  quantity  of  metal  is  colledled  in  the  bafon 
for  a fecond,  which  is  performed  exa£Uy  In  the 
fame  manner  as  the  firft.  In  proportion  as  the 
fcorlae  become  more  and  more  poor,  a greater 
heat  is  required  to  keep  them  fuftlciently  fluid 
for  the  globules  of  reduced  lead  to  fall  readily 
through,  fo  that  after  from  eight  to  nine  run- 
nings have  been  taken  it  is  not  worth  while  to 
expend  any  further  quantity  of  fuel  upon 
them ; they  are  accordingly  removed  from  the 
furnace,  and  another  charge  of  frefli  ore  is  im- 
mediately thrown  in.  The  lead  after  it  has 
flowed  from  the  furnace  into  the  refervoir  is 
covei'ed  with  pulverized  charcoal,  and  remains 
untouched  for  fame  time,  that  the  fcoriae  and 
other  impurities  may  rife  to  its  furface;  when 
this  has  taken  place,  the  fubftances  floating  on 
the  metal  are  Ikimmed  off,  and  its  furface  is 
covered  with  fawduft  and  fmall  chips  of  wood, 
to  which  is  added,  by  fmall  pieces  at  a time, 
about  li  lb.  of  rofin;  in  the  mean  time  the 
melted  metal  is  ftirred  about  vigoroufly  to 
compleat  its  purification;  as  foon  as  the  flame 
declines,  the  lead  is  removed  with  Iron  ladles, 
and  poured  into  moulds.  A Angle  charge  of 
ore  weighs  about  26  quintals  and  yields  about 
13  j quintals  of  metal  and  more  than  7 quintals 
of  fcorlae,  containing  30  per  cent,  of  metal, 
which  are  reduced  by  a fubfequent  procefs  in  a 
blaft  furnace. 

The  lead  being  thus  extracted  from  the  ore, 
the  next  thing  to  be  done  is  to  obtain  the  filver 
in  a feparate  ftate  which  is  difFufed  flirough  the 
whole  mafs  of  lead ; for  this  purpofe  cupella- 
tlon  muft  be  had  recourfe  to.  In  the  article 
Assay  we  have  noticed  the  theory  of  cupclla- 
tlon,  and  the  method  of  performing  it  in  the 
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fmall  way  ; we  fliall  here  therefore  only  parti- 
cularize the  circumftances  in  which  cupellation 
in  the  great,  or  rejitiing  as  it  is  ufually  denomi- 
nated, differs  from  the  former.  It  is  performed 
in  a reverberatory  furnace,  the  floor  of  which  is 
horizontal,  and  is  lined  with  a mixture  of  wood- 
afhes  and  fand,  well  beaten  and  formed  into  a 
fliallow  bafon  called  the  cupel.  At  one  fide  of 
the  cupel,  and  forming  a right  angle  with  the 
flue  by  which  the  flame  from  the  fire-place 
enters  the  cavity  of  the  furnace,  is  an  aperture, 
through  which  the  lead  flows  when  converted 
into  litharge,  and  oppofite  to  this  is  another 
aperture  for  the  admiflion  of  a blall  of  air.  In 
the  top  of  the  furnace  is  a circular  aperture, 
juft  above,  and  correfponding  in  fize  with  the 
cupel,  which  may  be  clofed  by  a frame-work 
of  iron  filled  up  with  bricks.  I he  furnace  be- 
ing ready  the  cupel  is  lined  with  hay,  and 
charged  with  about  177  quintals  of  lead  in  bars 
or  pigs,  by  means  of  the  circular  aperture  juft 
mentioned;  the  cover  is  then  put  on,  and  the 
fire  is  lighted.  In  about  fix  hours  the  lead  is 
entirely  melted  and  brought  to  a full-red  heat, 
at  which  time  a blaft  of  air  is  introduced  by  a 
metallic  pipe,  and  fo  dire£Ied  as  to  ftrike  upon 
the  furface  of  the  melted  lead  ; the  afhes  of  the 
hay  and  other  impurities  are  alfo  removed  by 
means  of  a wooden  rake  thruft  in  at  the  aper- 
ture for  the  litharge.  When  the  blaft  has  been 
in  action  for  half  an  hour  or  more,  the  furface 
of  the  lead  is  covered  with  a thick  cruft  of 
oxyd,  which  being  fcraped  off  is  prefently  fuc- 
ceeded  by  another,  and  it  is  not  till  the  furface 
has  been  cleared  five  or  fix  times,  that  the  true 
litharge  makes  its  appearance.  As  foon  as  this 
takes  place  the  temperature  is  raifed  nearly  to  a 
cherry-red,  and  by  the  a£Hon  of  the  blaft,  the 
litharge  with  a little  occafional  affiftance  from 
the  workman  is  made  to  flow  out  of  the  fur- 
nace by  the  aperture  already  mentioned.  A 
confiderable  portion  of  lead  is  alfo  volatilized 
by  the  intenfe  heat,  fo  that  the  interior  of  the 
furnace  is  filled  with  vapours  to  fuch  a degree, 
that  none  but  an  experienced  eye  can  difcern 
what  is  going  on  in  the  cupel.  In  about  38  or 
40  hours  after  lighting  the  fire,  the  contents  ®f 
the  cupel  are  diminiihed  to  about  6 quintals, 
and  the  litharge  which  now  comes  over  is  kept 
feparate  from'  the  reft  on  account  of  a fmall 
quantity  of  filver  which  it  contains.  After  a 
time  the  litharge  ceafes  to  flow,  and  the  furface 
of  the  metal  in  the  cupel  appears  to  be  covered 
only  by  a thin  pellicle : by  degrees  it  becomes 
convex  at  the  edges,  the  pellicle  breaks  up, 
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and  the  furface  of  the  metal  appears  quite 
bright.  The  fire  is  now  damped,  the  blaft  is 
turned  off,  and  an  aperture  in  the  furnace, 
which  had  before  been  ftopped  with  clay  is 
opened  to  give  admiflion  to  a tin-plate  tube, 
through  which  a ftream  of  water  is  poured  into 
the  cupel  in  order  to  cool  the  metal  rapidly,  and 
thus  prevent  it  from  fpirting,  which  it  would 
do  if  left  to  itfelf  at  the  moment  of  congela- 
tion. 

The  cake  of  metal  thus  procured  is  not  how- 
ever perfectly  pure  filver,  and  requires  a fecond 
cupellation  at  a higher  heat  to  free  it  entirely 
from  the  lead  with  which  it  is  mixed.  The 
cupel  made  ufe  of  on  this  occafion  is  a moveable 
one,  and  not  capable  of  holding  above  700  or 
800  oz.  It  is  placed  in  a fmall  reverberatory, 
and  after  being  heated  about  three  hours,  is 
charged  with  filver  of  the  firft  cupellation.  A 
proper  working  heat  is  kept  up  for  about  four 
or  five  hours  after  the  fufion  of  the  filver,  at 
the  end  of  which  time  the  refining  is  ufually 
compleated;  the  contents  of  the  cupel  are  then 
difeharged  into  a mould,  and  thus  formed  into 
ingots.  The  lofs  of  lead  by  volatilization  dur- 
ing the  refining  amounts  to  about  8 per  cent. 

The  demand  for  litharge  is  very  fmall  in 
comparifon  to  the  quantity  produced,  the 
greater  part  of  it  therefore  muft  be  reconverted 
into  lead;  for  this  purpofe  it  is  returned  to  the 
reverberatory,  and  treated  in  the  fame  manner 
as  the  ore,  by  which  the  greater  part  of  it  is 
converted  into  lead  of  the  beft  quality,  being 
confiderably  fofter  than  when  it  has  merely  un- 
dergone the  common  reduction.  The  fcoriae 
remaining  after  redu£lion  of  the  ore  and  the 
litharge,  together  with  the  old  cupels,  the  me- 
tallic foot  colle£l:ed  in  the  chimney  of  the  fur- 
nace, &c.  are  laftly  treated  in  a common  blaft 
furnace,  and  made  to  yield  a confiderable  por- 
tion of  the  lead  that  they  contain,  after  which 
the  refidual  flag  is  thrown  away. 

The  pratftice  in  the  Englifh  refineries  differs 
from  that  juft  deferibed  in  fome  particulars, 
which  we  fliall  proceed  to  notice.** 

The  furnace  refembles  the  common  reverbe- 
ratory except  that  its  area  is  perforated  with  a 
large  oval  hole  for  the  reception  of  the  cupeU 
The  cupel  itfelf  is  thus  formed : fix  parts  of 
w'ell-burnt  bone  allies  and  one  part  of  good 
fern  allies  are  mixed  together  and  moiftened  to 
a proper  confiftence ; of  this  a quantity  is 
ftrewed  to  the  depth  of  about  two  inches,  in  an 
iron  frame,  confifting  of  a raifed  elliptical  rim 
with  five  broad  bars  rivetted  to  its  bottom,  fo  as 
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to  occupy  nearly  one-half  of  its  area.  By 
means  of  a wooden  beater  the  aflies  are  ram- 
med down  very  clofe,  efpecially  between  the 
bars  of  the  frame,  as  it  lies  on  a flat  floor,  more 
afiies  are  then  added  and  beaten  carefully  in  till 
the  frame  is  quite  full.  A cavity  is  then  formed 
in  the  teft  by  a fharp  fpade,  for  the  purpofe  of 
containing  the  melted  metal,  and  at  one  end  of 
the  frame  a femi-elliptical  hole  is  cut  quite 
through  the  aflies  to  form  a paflTage  for  the 
litharge,  in  forming  which,  care  muft  be  taken 
to  leave  a bread  of  fufficient  folidity  and  thick- 
nefs  between  this  hole  and  the  cavity ; two 
(hallow  channels  are  then  made  acrofs  the  bread 
througii  which  the  litharge  may  flow  down 
the  hoie,  and  fo  efcape  out  of  the  furnace. 
The  ted  being  thus  prepared  is  placed  in  the 
furnace,  fo  as  to  occupy  and  cover  the  large 
oval  hole  in  its  bottom,  and  is  fixed  firmly 
in  its  place  with  tempered  clay.  A gentle  fire 
is  now  to  be  lighted  and  gradually  increafed 
till  the  ted  is  red  hot  and  ceafes  to  emit  deam 
from  its  under  fider  an  aperture  in  the  furnace 
called  the  feeding  hole,  is  then  opened,  and  the 
ted  is  charged  with  melted  lead,  the  fire  is 
raifed,  the  blad  from  a pair  of  double  bellows 
is  let  on,  and  the  cupellation  commences.  One 
of  the  channels  through  the  bread  of  the  cupel 
is  deepened  from  time  to  time,  to  allow  a free 
palTage  for  the  litharge ; and  fre(h  charges  of 
melted  lead  are  poured  into  the  cupel,  till  the 
gutter  is  fo  worn  as  not  to  allow  the  cupel  to 
contain  more  than  an  inch  in  depth  of  metal. 
Thehlad  is  then  taken  off,  the  old  gutter  com- 
pleatly  filled  up  with  moidened  afhes,  and  the 
bafon.of  the  cupel  replendhed  with  melted 
lead  ; the  blad  being  again  turned  on,  the  li- 
tharge is  dire£led  into  the  channel  at  the  other 
end  of  the  bread,  and  the  operation  goes  on  as 
at  fird,  till  this  gutter  is  likewife  worn  down, 
and  the  ted  contains  no  more  than  about  6o  lbs. 
of  metal  which  is  let  out  into  an  iron  pot,  and 
thus  this  fird  part  of  the  procefs  is  compleated. 
The  fecond  cupellation  is  fimilar  to  the  former, 
and  not  materially  difterent  from  the  French 
mode  except  that  when  the  filver  is  compleatly 
refined,  it  is  allowed  to  cool  gradually,  indead 
of  having  water  poured  upon  it,  and  the  confe- 
quence  is,  that  while  congealing,  a portion  of 
filver  fpirts  out,  and  is  probably  lod. 

2.  As  an  example  of  the  method  of  treating 
the  proper  ores  of  filver,  we  (hall  give  an  ab- 
dra£l  of  the  procefl'es  employed  at  Allemont  in 
France,  under  the  direction  of  M.  Schreiber.° 
The  ores  where  rough  are  chiefly  native  filver, 
sr.d  the  fulphuret  of  filver,  mixed  with  a little 


arfenical  cobalt,  with  pyrites,  with  iron  ochre, 
with  clay,  calcareous  fpar,  and  other  earthy 
minerals.  Much  of  the  filver  is  in  extremely 
minute  grains  difperfed  through  the  gangue  fo 
as  to  render  it  impoffible  to  feparate  the  dony 
parts  by  walhing.  The  ore  therefore  after  be- 
ing picked  by  hand  is  pounded  dry  in  a damp- 
ing mill  and  is  thus  reduced  to  the  confidence 
of  a coarfe  fand ; in  this  date  it  is  alTayed,  and 
contains  on  an  average  about  of  its  weight  '^ 
of  filver.  As  it  holds  no  fuperfluous  quantity 
of  fulphur  there  is  no  neceflity  for  roading  it 
previous  to  fufion.  On  account  of  the  refrac- 
torinefs  of  the  ore,  it  is  expedient  to  make  ufe 
of  quicklime,  fcoriae  from  a preceding  fufion, 
and  flag  from  the  iron  forges  by  way  of  flux ; 
and  in  order  to  furnifh  the  proper  quantity  of 
lead  of  which  the  ore  is  naturally  entirely  def- 
titute,  it  is  mingled  with  pulverized  galena, 
with  the  litharge  and  fcorite  furnilhed  by  the 
refinery,  and  with  old  cupels  ground  to  pow- 
der, in  fuch  proportions  that  the  lead  obtained 
by  the  fufion  (hall  contain  2 per  cent,  of  filver, 
allowing  at  lead  2o  per  cent,  of  the  lead  to  be 
lod  by  evaporation  or  combining  with  the  fco- 
rias.  The  above  materials  being  properly  mixed 
together  are  put  into  a powerful  blad  furnace, 
with  alternate  charges  of  charcoal,  and  the  pro- 
du£ls  of  the  fufion  are  lead  holding  filver,  a 
black  compaft  fulphureous  femi-metallic  fub- 
dance  called  Matt,  and  fcoriae.  The  fcoriae 
undergo  no  further  treatment,  except  that  a 
certain  portion  is  referved  as  a flux  for  the  next 
parcel  of  ore ; the  matt  being  tolerably  rich  in 
filver  is  remelted  with  litharge,  and  the  lead 
obtained  carries  with  it  nearly  the  whole  of  the 
filver,  fo  that  it  is  not  worth  while  to  fufe 
again  this  fecond  matt,  although  it  dill  contains 
a portion  of  precious  metal.  The  lead  pro- 
cured by  thefe  operations  when  refined  yields 
about  2 per  cent,  of  filver ; the  cupellation  is 
performed  at  a higher  heat  than  ufual,  which 
perhaps  is  rendered  necefifary  by  the  prefence 
of  a little  iron,  the  confequence  of  which  is, 
that  the  lofs  of  metal  by  evaporation,  indead  of 
being  about  y or  8 per  cent,  amounts  at  lead 
to  20  per  cent,  and  as  every  pound  avoirdupois 
of  the  lead  thus  volatilized  contains  from  6 to 
10  grs.  of  filver,  the  lofs  in  this  procefs  is 
prodigious,  and  might  in  all  probability  be 
greatly  diminifhed  by  the  mixture  of  a much 
larger  proportion  of  lead  with  the  filver  ore. 

3^  Other  filver  ores  befides  this  metal  afford 
both  lead  and  copper  j and  as  the  treatment  in 
this  cafe  is  the  mod  complicated,  we  (hall  give 
a fltort  (ketch  of  it.  The  procefs  begins  by 
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mixing  together  fome  of  tlie  poorer  kinds  of 
meagre  fi I ver  ore  (that  is,  fuch  as  contains  but 
little  copper  and  lead,  and  much  hard  ftony 
gangue)  with  the  pooreft  pyritical  ores  (that  is 
fuch  as  contain  very  little  filver  and  copper  but 
much  fulphur  and  iron).  To  this  is  added  by 
way  of  flux,  a parcel  of  fcoriae  remaining  from 
a former  procefs,  and  containing  oxyds  of  lead 
and  copper  with  a fmall  portion  of  filver.  All 
thefe  materials  being  ftrongly  heated  in  a blaft 
furnace  re-a£f  on  each  other  and  enter  into  fu- 
fion ; the  ftony  gangue  is  diflolved  and  the 
fluid  mafs  feparates  into  two  diftinft  parts. 
The  heavieft  portion,  and  which  therefore  oc- 
cupies the  bottom  of  the  furnace,  is  called  matt; 
it  forms  about  j of  the  whole  mafs,  and  con- 
tains all  the  filver,  by  far  the  greater  part  of 
the  copper,  a confiderable  part  of  the  lead,  to- 
gether with  iron,  fulphur,  and  generally  zinc 
and  arfenic.  The  lighter  portion  and  which 
fwims  on  the  furface  of  the  matt  is  a black  flag 
confining  for  the  moft  part  of  fulphur,  oxyd 
of  iron,  and  earth,  the  lead  and  copper  being 
in  fuch  fmall  quantity  as  not  to  be  worth  the 
trouble  of  extra£Hon ; this  flag  therefore  is 
thrown  away.  ‘ 

The  crude  matt  obtained  by  the  preceding 
operation  is  roafted  to  free  it  in  part  from  the 
fulphur  and  other  volatile  impurities,  and,  be- 
ing mixed  with  about  i|  times  its  weight  of  a 
richer  fort  of  meagre  filver  ore,  and  about 
twice  its  weight  of  lead  fcoriae  by  way  of  flux, 
is  again  fufed,  and  furnifties  a rich  matt  (con- 
taining from  9 to  lo  lbs.  of  lead,  3 to  4 lbs.  of 
copper,  and  6 to  7 oz.  of  filver  in  the  quintal) 
and  a parcel  of  fcoriae  that  ftill  hold  a little 
filver,  and  are  therefore  employed  as  flux  in 
fubfequent  fufions. 

This  fecond  or  rich  matt,  after  being  roafted, 
is  mixed  with  about  half  its  weight  of  litliarge 
and  fcoriae  in  equal  proportions,  and  again 
fufed  ; the  produft  of  which  is,  i . a quantity 
of  metallic  lead  holding  from  6 to  8 oz.  of  filver 
in  the  quintal : 2.  nearly  an  equal  amount  of 
copper  matt,  holding  from  30  to  40  lbs.  of 
copper,  and  about  4 oz.  of  filver  in  the  quin- 
tal ; 3.  Scoriae,  holding  from  6 to  10  lbs.  of 
lead,  and  about  40  grs.  of  filver  in  the  quintal. 

The  copper  matt  of  the  preceding  operation 
after  being  roafted  is  fufed  together  with  a 
quantity  of  lead  and  copper  fcoriae,  and  yields 
black  copper,  containing  from  60  to  80  lbs.  of 
copper,  and  from  5 to  10  oz.  of  filver  in  the 
quintal. 

The  black  copper  is  now  melted  with  li- 
tharge and  fcoriae,  by  which  the  filver  is  for 


the  moft  part  transferred  to  the  lead,  and  the 
copper  after  one  or  two  more  fufions  is  entirely 
freed  both  from  lead  and  filver,  as  well  as  from 
fulphur,  iron,  and  other  impurities. 

The  rationale  of  all  thefe  procelTes  is  fuffici- 
ently  plain.  The  filver,  copper,  and  lead  being 
all  much  more  eafily  reducible  than  iron,  are 
brought  by  means  of  the  fuperfluous  fulphur  of 
the  pyrites  to  the  ftate  of  fulphuret,  while  the 
fulphurized  oxyd  of  iron  brings  the  earthy 
matters  intofufion,  forming  a flag  that  is  inca- 
pable of  combining  with  the  metallic  fulphu- 
rets,  and  through  which  they  fall  in  drops  on 
account  of  their  fuperior  fpecific  gravity.  By 
the  procefles  of  roafting,  the  fulphur,  arfenic, 
zinc,  &c.  are  driven  off,  and  the  iron  being 
oxydated  quits  the  other  metals,  and  unites 
with  the  fcoriae  in  the  fubfequent  fufions;  while 
the  lead,  filver,  and  copper  of  the  fcoriae,  pafs 
through  the  vitrefied  mafs,  and  unite  with  the 
matt.  The  feparation  of  the  filver  from  the 
copper  is  eftedded  by  the  fuperior  affinity  of  the 
former  with  lead,  affifted  by  the  attradfion  fub- 
fifting  between  the  copper  and  fulphur,  which 
difpofes  this  latter  metal  to  yield  the  lilver  to 
the  lead  more  eafily  than  if  the  copper  w'as 
pure. 

Of  Eliquation. 

Silver  is  fometimes  feparated  from  copper  by 
Liquation  or  Eliquation.  This  is  an  old  procefs 
which  appears  to  have  fallen  confiderably  into 
difufe,  but  it  requires  fume  notice  in  this  place. 
When  copper  matt  (or  the  black  unrefined 
copper)  contains  filver  in  the  proper  proportion 
for  this  operation,  it  is  firft  melted  with  lead  or 
litharge,  or  a mixture  of  the  two,  and  a reguline 
alloy  is  produced  containing  the  copper,  lead, 
and  filver,  which  is  call  into  moulds  fo  as  to 
form  round  mafles  or  loaves.  Thefe  are  then 
fet  in  a furnace  on  an  inclined'  plane  of  iron 
with  a fmall  channel  grooved  out,  and  heated 
to  a very  moderate  rednefs,  during  which  the 
lead  melts  or  as  it  were  fweats  out  of  the  loaf, 
and  runs  down  the  channel,  conveykig  with  it 
the  filver,  and  the  copper  is  left  behind  as  a 
reddiffi-black  fpongy  mafs.  The  filver-holding 
lead  is  then  worked  off  on  a cupel  in  the  ufual 
way,  and  the  filver  is  obtained  feparate. 

ITis  procefs  is  founded  on  the  very  weak 
affinity  which  lead  has  for  copper,  and  the  very 
ftrong  affinity  which  it  bears  to  filver,  fo  that  at 
a moderate  heat  the  feparation  of  the  lead  and 
filver  from  the  copper  is  efi^edfed  eafily,  but 
many  circumftances  muft  be  attended  to  in 
order  to  perform  this  procefs  with  fuccefs. 

The  firft  coufideration  is  the  relative  propor- 
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ons  of  the  three  metals.  The  lead  is  pro- 
portioned partly  to  the  copper  and  partly  to  the 
filver.  It  Ihould  not  be  more  than  four  times 
the  weight  of  the  copper,  otherwife  it  will 
render  the  whole  mafs  fo  fufible  that  inftead  of 
the  lead  and  filver  alone  melting  out,  much  of 
the  copper  will  alfo  mix  with  it,  or  if  the  heat 
be  at  all  too  much  raifed,  the  whole  loaf  of 
liquation  will  melt  down,  and  the  procefs  muib 
be  begun  again.  On  the  other  hand  the  lead 
(hould  not  be  lefs  than  'i\  times  the  copper, 
otherwife  a great  part  of  it,  (and  along  with  it 
part  of  the  filver}  will  remain  in  the  loaf  after 
heating.' 

The  above  therefore  are  nearly  the  extreme 
limits  of  the  relative  quantities  of  the  lead  and 
copper,  and  the  exadb  proportion  of  lead  is 
determined  by  that  of  the  filver  contained  in  the 
copper,  which  mufl  be  previouHy  found  by  a 
fmall  afiTay. 

It  is  found  that  copper  which  contains  more 
than  about  three  quarters  of  a pound  of  filver 
in  loo  lbs.  will  not  yield  all  its  filver  by  a fingle 
procefs  of  eliquation,  which  is  doubtlefs  becaufe 
it  will  not  bear  alloying  with  fufficient  lead  to 
extradb  the  whole,  for  in  thefe  circumftances, 
according  to  Cramer,  every  half  ounce  of  filver 
requires  17  lbs.  (or  544  times  its  weight)  of 
lead  for  its  extraftion,  allowing  four  times  as 
much  lead  as  copper.  Hence  the  refpecHve 
proportions  of  the  three  metals  in  a loaf  of 
liquation  would  be  544  parts  of  lead,  136  of 
copper,  and  i of  filver.  Thefe  are  nearly  thofe 
that  are  adbualiy  employed,  except  that  a lefs 
proportion  of  lead  is  found  fufficient,  being  to 
the  copper  only  as  ii  to  3 inftead  of  12  to  3. 

The  whole  procefs  of  obtaining  pure  filver  by 
liquation  is  managed  in  the  following  way  ac- 
cording to  the  accurate  account  given  by 
Duhamel.'^  It  confifts  effentially  of  five  diffe- 
rent operations.  The  firft  is  the  melting  to- 
gether the  lead  with  the  filver-holding  impure 
copper  in  due  proportions,  and  calling  the 
mixed  alloy  into  the  proper  moulds  to  form  the 
loaves  of  liquation.  The  fecond  procefs  is  the 
liquation,  properly  fpeaking,  or  the  melting  out 
from  thefe  loaves  by  a regulated  heat,  the  lead 
and  filver,  and  leaving  the  copper.  The  third 
is  a fecond  roafting  of  the  porous  loaves  in  order 
to  melt  out  a portion  of  lead  and  filver,  and 
other  matters  which  remain  after  the  foregoing 
operation.  The  fourth  is  the  working  off  the 
lead  on  a large  cupel  or  teft  to  convert  it  into 
litharge,  and  leave  the  filver;  and  the  fifth  is 
the  further  purification  of  the  filver  by  a fecond 

‘ Crsmeri  Docimafia  pradica;  proceflus  48. 


refining  with  lead.  Thefe  two  laft  procefles 
have  already  been  deferibed  when  treating  of 
the  other  methods  of  refining  filver.  There 
are  befides  other  operations  performed  on  the 
copper  to  refine  it,  and  on  the  fcorise  to  obtain 
all  the  metal  that  may  adhere  to  them,  but  we 
fhall  here  only  deferibe  the  three  firft  proceffes. 

The  fufion  of  the  metals  is  performed  in  a 
high  blaft  furnace,  the  bottom  of  which  is  lined 
by  a mixture  of  charcoal  rammed  hard  and  laid 
in  an  inclined  diredtion  fo  as  to  convey  the 
metal  when  melted  into  a feparate  receptacle 
adjoining.  The  crude  black  copper  is  pre- 
vioully  broken  into  fmall  pieces  when  hot,  and 
aflayed  for  the  proportion  of  filver.  Either  lead 
or  litharge  is  ufed  in  the  mixture,  if  the  latter, 
it  is  mixed  with  charcoal  to  promote  its  reduc- 
tion. The  furnace  being  previoufly  heated  for 
eight  or  nine  hours  and  filled  with  charcoal, 
a baflcet-full  of  the  fcorise  arifing  from  the  firft 
redudlion  of  the  copper  ore  is  thrown  in,  which 
foon  melts  and  lines  the  furnace  with  a vitrefeent 
glazing  that  protedls  its  walls  from  the  violent 
adlion  of  the  blaft.  Soon  after,  about  20  lbs. 
of  lead  are  thrown  on  the  hot  coals,  and  with 
it  about  half  the  copper  intended  for  one  loaf 
of  liquation;  30  lbs.  of  litharge  are  thrown 
upon  this,  and  with  it  a fmall  balket  of  charcoal 
to  reduce  it.  The  reft  of  the  copper  and 
litharge  are  then  added,  and  lead  over  the 
whole.  The  heat  excited  by  the  blaft  foon 
melts  together  thefe  ingredients,  reducing  the 
litharge,  and  the  whole  falls  down  into  the  fmall 
well  intended  for  the  melted  metal.  When 
enough  is  coliedled  for  a fingle  loaf  it  is  tapped, 
and  the  metal  is  poured  into  an  iron  mould 
previoufly  heated,  and  lined  with  a thin  coating 
of  clay.  To  withdraw  the  loaf  from  the  mould, 
a ftrong  iron  bar  bent  at  top  is  let  into  the  hot 
metal  about  two  inches,  and  when  cold  ferves 
as  a handle  to  draw  up  the  loaf,  and  is  knocked 
away  when  the  loaf  is  taken  out. 

T he  heat  required  in  this  operation  is  lefs 
than  that  at  which  copper  melts,  fo  that  the 
redutlion  of  the  litharge  and  mixture  of  the 
metals  goes  on  very  fpeedily.  In  a well  mana- 
ged furnace,  feven  loaves,  each  of  about  35olbs., 
are  call  in  an  hour.  Litharge  is  not  abfolutely 
necelfary,  but  on  the  whole  is  preferable  to 
ufing  lead  alone  as  it  is  a powerful  flux  before 
reduftion,  and  there  is  always  a great  quantity 
of  it  produced  in  the  fubfequent  refining  of  the 
lead  and  filver.  In  eftimating  the  proportion 
of  the  metals,  i2o  lbs.  of  litharge  are  taken  as 
equivalent  to  too  lbs.  of  lead. 

* L’Art  de  Liquation,  Mcm.de  I’Acad.  for  1788. 
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Thefe  proportions  are  nearly  thofe  that  have 
been  given  above.  In  Germany,  where  the 
works  are  carried  on  on  a large  fcale,  the  loaves 
are  ufually  about  350  lbs.  in  weight,  and  are 
compoled,  when  the  copper  is  rich  in  filver,  of 
3 parts  of  black  copper,  (75  lbs.)  and  ii  parts 
of  lead,  (275  lbs).  In  this  cafe  where  the 
filver  is  | per  cent,  of  the  copper,  the  relative 
proportions  of  thefe  metals  will  be  about  i part 
of  filver,  132  of  copper,  and  488  of  lead. 
Where  the  copper  is  poorer,  only  10  parts  of 
lead  are  ufed  to  3 of  the  copper. 

The  next  procefs  is  the  Liquation,  and  is 
performed  in  a furnace  conftru£led  for  the 
purpofe,  which  generally  holds  fix  loaves,  fet 
on  iron  bars,  feparated  from  each  other  by 
bricks,  and  having  a channel  beneath  to  convey 
the  lead  and  filver  into  a feparate  bafon.  The 
management  of  the  heat  in  this  procefs  is  of  the 
greateft  confequence.  If  it  goes  on  properly, 
the  lead  flows  out  eafily,  and  the  loaves  gra- 
dually fink  down  and  become  honey-combed, 
but  without  lofing  any  fenfible  portion  of  the 
copper.  If  the  heat  is  too  great,  particles  of 
the  copper  are  feen  to  flow  away  along  with  the 
lead,  on  which  the  fire  muft  be  immediately 
damped.  When  no  more  lead  flows  out  at  this 
temperature,  the  loaves  are  taken  out,  and 
when  cold  they  have  a dark  red  colour,  and 
are  very  crumbly.  It  takes  about  four  hours  to 
eliquate  the  fix  loaves. 

Whatever  care  is  taken  in  this  procefs  there 
always  remains  a little  filver  in  the  loaves, 
which  however,  does  not  amount  to  more  than 
about  half  an  ounce  in  100  lbs.  when  well 
performed.  Some  of  the  lead  alfo  remains, 
together  with  part  of  the  iron,  arfenic,  fulphur, 
and  other  impurities  of  the  copper.  The  firft 
portion  of  the  lead  that  flows  out  of  the  loaves 
is  the  richeft  in  filver,  that  which  remains  in 
the  loaves  is  very  poor,  but  ftill  is  worth  ex- 
trafting,  and  is  performed  in  the  following  way. 
When  a fulficient  number  of  the  loaves  remain- 
ing after  liquation  are  collefted  they  are  ranged 
in  a kind  of  oven  fo  as  entirely  to  fill  it,  which 
takes  about  150  pieces;  they  are  then  heated  by 
the  flame  of  charcoal  and  green  wood,  drawing 
through  the  oven  till  they  are  moderately  red- 
hot,  at  which  time  a quantity  of  metal  and 
fcoriae  fweat  out  and  drop  down  in  the  hearth, 
confining  of  a heterogeneous  mafs  of  lead 
holding  a little  filver,  of  fcorise,  of  litharge,’ 
arfemc,  ox  yd  of  iron  and  fulphur,  and  aL'o  of 
fome  copper  if  the  heat  is  raifed  too  high. 
This  mafs  is  walhed  with  water,  by  which  the 
fcoriae  are  got  rid  of,  the  filver-holding  lead 


alone  remains.  When  the  droppings  from  the 
furnace  begin  to  be  red  and  compaft,  it  is  a 
fign  that  all  the  heterogeneous  matter  is  ex- 
tracted, and  that  the  copper  itfelf  begins  to 
melt,  on  which  the  fire  is  removed.  The 
loaves  are  then  taken  out,  and  appear  varnifhed 
over  with  a thick  vitrefeent  fcoria,  which,  on 
dropping  them  into  water,  cracks  in  every 
direftion,  and  is  then  readily  knocked  off  by 
hammers,  and  the  copper  within  is  found  con- 
fiderably  pure.  This  procefs  lafts  about  30 
hours,  half  of  which  time  is  confumed  in  bring- 
ing the  loaves  to  the  proper  heat. 

The  fubfequent  proceffes  of  refining  the 
filver-holding  lead  on  a teft  have  been  already 
deferibed. 

The  procefs  of  eliquation,  though  highly  in- 
genious, is  confiderably  expenfive  and  trouble- 
fome,  and  it  appears  to  require  no  fmall  degree 
of  fl.ill  to  conduCH  it  properly.  To  be  perform- 
ed economically  it  is  alfo  neceffary  rhat  the 
copper  Ihould  hold  a particular  portion  of  filver, 
(neither  more  nor  lefs  within  certain  limits)  that 
is  from  f to  | per  cent,  of  filver,  and  hence, 
where  there  are  quantities  of  copper  of  different 
rlchnefs  in  filver,  much  judgment  may  be 
fhewn  in  mixing  them  fo  as  to  produce  a metal 
which  may  be  eliquated  with  mofl  profit.  But 
where  there  are  natural  or  artificial  alloys  of 
filver  and  copper  much  richer  in  filver  than  thofe 
above  mentioned,  the  procefs  of  eliquation  muft 
be  repeated  two  or  three  times  on  the  fame 
metal,  which  would  be  extremely  expenfive  and 
troublefome. 

RedtiBion  hy  Amalgamation. 

This  moft  ingenious  method  of  working  filver 
ores,  was  firft  pra£Iifed  by  the  Spaniards  in 
South  America,  and  has  fince  been  adopted 
with  numerous  and  effential  improvements,  in 
Saxony,  Bohemia,  Hungary,  and  fome  other 
parts  of  Europe.  We  fhall  proceed  to  deferibe 
the  moft  approved  modern  method  of  perform- 
ing this  operation. 

Thofe  ores  alone  are  amalgamated  that  come 
under  the  defeription  of  hard  or  meagre  ; that 
is,  which  contain  none,  or  at  leaft  only  an  in- 
confiderable  quantity,  of  lead  or  copper.  It  is 
of  importance  however,  that  they  fliould  con- 
tain a certain  proportion  of  iron  pyrites,  and  if 
a fufficiency  of  this  is  not  naturally  mingled 
with  the  ore,  it  is  a very  judicious  pra£Hce  to 
add  it  to  the  dreffed  ore,  fo  that  its  pyritical 
contents  fhall  always  be  brought  to  bear  a cer- 
tain proportion,  as  nearly  as  polfible,  to  the  filver, 
the  amount  of  which  latter  muft  be  detcrminedl 
by  a previous  affay. 
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The  ore,  if  wafliecl,  is  of  a fufficient  degree 
of  hi  enefs,  without  having  recourle  to  grinding, 
but  it  only  hand  dreffcd,  it  inuft  fubfequently  be 
reduced  in  a mill  to  the  conhllence  of  coarfe 
land.  This  being  done,  common  fait  muft  be 
accurately  mixed  with  the  ore  in  the  proportion 
of  8 or  9 per  cent,  if  the  filver  in  the  ore  amounts 
to  8 oz.  per  quintal,  and  from  lo  to  I2  per  cent, 
if  the  hlver  amounts  to  32  oz.  or  even  more. 
The  next  procefs  is  roafting : for  this  purpofe 
about  3 quintals  are  fpread  on  the  floor  of  a re- 
verberatory furnace,  and  expofed  to*  a moderate 
red  heat  for  four  or  five  hours,  till  the  emilfion 
of  vapours  has  almofl  entirely  ceafed,  care  being 
taken  to  turn  it  over  two  or  three  times  during 
the  roafting,  that  every  portion  may  be  in  its 
turn  expofed  to  the  aftion  of  the  fire.  When 
tins  firft  change  is  withdrawn,  an  experienced 
workman  can  tell  by  its  appearance  whether 
the  proportion  of  fait  has  been  too  much  or  too 
little,  and  the  necelTary  correftion  is  accordingly 
made  by  adding  more  fait  or  ore  to  the  unroafted 
parcel.  The  whole  of  the  ore  being  properly 
roafted,  is  ground  in  a mill,  and  afterwards 
palled  through  fieves,  by  which  it  is  rendered 
as  fine  as  meal,  and  is  then  fit  for  the  procefs 
of  amalgamation,  properly  fpeaking. 

This  is  performed  in  an  apparatus  confiding 
either  of  a number  of  fmall  barrels  made  to  re- 
volve rapidly  on  their  axes  by  mill-work  j or  of 
a number  of  fixed  tubs,  open  or  covered,  with 
an  indrument  refembling  a chocolate  mill  placed 
ia  the  centre  of  each,  and  capable  of  being 
turned  rapidly  by  the  fame  kind  of  machinery 
as  puts  the  barrels  in  motion.  Thefe  tubs  or 
barrels  are  filled  about  one-third  with  water, 
and  then  a fufficient  quantity  of  roaded  ore 
and  mercury,  in  nearly  equal  proportions,  is 
added,  to  bring  the  whole  to  the  confidence  of 
thin  mud.  The  machinery  is  now  put  in  motion, 
and  is  continued  incelTantly  for  from  thirty  to 
forty-eight  hours,  according  to  the  richnefs  of 
the  ore,  at  which  period  the  amalgamation  is 
compleated.  In  about  a quarter  of  an  hour 
after  the  mill  is  dopped  the  greater  part  of  the 
amalgam  will  have  defeended  to  the  bottom  of 
the  vefTels,  and  is  accordingly  withdrawn,  by  un- 
dopping  a hole  made  for  that  purpofe. 

The  earthy  refidue  is  then  carefully  waffled 
by  fmall  parcels  at  a time,  and  thus  much 
amalgam,  which  from  its  minute  date  of  divifion 
was  unable  to  fink  through  and  mix  with  the 
red.  Is  recovered.  But  the  earth,  efpeclally  if 
it  was  at  fird  rich  in  filver,  dill  retains  a portion 
of  precious  metal : it  is  accordingly  dried,  mixed 


with  about  3 per  cent,  of  fait,  again  roaded, 
and  at  a higher  heat  than  at  fird,  and  again 
amalgamated,  by  which  the  whole  of  the  filver 
is  extracted. 

The  amalgam,  which  is  very  fluid,  is  drained 
through  a clofely-woven  bag,  by  which  it  is 
feparated  into  nearly  pure  mercury,  and  a difF 
amalgam : this  latter  is  then  fubjedted  to  didil- 
lation  per  defeenfum,  in  an  apparatus  that  cannot 
be  defcribed  without  the  affi dance  of  plates  of 
reference,  and  Is  thus  feparated  into  filver  and 
mercury.  The  filver  however  dill  contains  a 
little  copper,  from  which  it  is  freed  by  cupella- 
tion  in  the  ufual  way. 

The  theory  of  the  procefs  of  amalgamation 
appears  to  be  this.  By  the  reading,  the  fulphur 
of  the  filver  and  pyrites  is  for  the  mod  part 
burnt  off  and  converted  into  fulphureous  acid, 
which  acid  as  foon  as  formed,  affided  alfo  by 
the  affinity  of  the  filver  for  muriatic  acid,  de- 
compofes  the  common  fait,  and  forms  with  its 
bafe  either  fulphat  or  fulphite  of  foda,  while 
the  muriatic  acid  combines  with  the  filver, 
forming  luna  cornea.  In  the  fubfequent  amal- 
gamation, the  mercury  being  prefent  In  great 
abundance  decompofes  the  muriat  of  filver, 
and  is  Itfelf  partly  converted  into  calomel,  while 
the  red  of  the  mercury  combines  with  the  re- 
duced filver  into  an  amalgam.  Hence  the  lofs 
of  mercury  which  always  happens  in  this  pro- 
cefs depends  on  two  caufes,  fird,  the  converfion 
of  a part  of  it  Into  calomel  (and  this  cannot  by 
any  care  in  manipulation  be  avoided)  and,  fe- 
condly,  the  divifion  of  a part  into  fuch  minute 
globules,  as  enables  it  to  pafs  off  unperceived  in 
waffling  the  earthy  refidue : the  proportion  of 
this  however  depends  greatly  on  the  care  and 
dexterity  of  the  manipulation. 

We  lhall  clofe  this  fedllon  by  mentioning  in 
a few  words  a method  invented  by  Naplone,  ‘ 
of  feparating  filver  from  copper,  without  having 
recourfe  to  the  more  expenfive  and  tedious  me- 
thod of  eliquation.  The  mixed  metal  being 
melted,  fome  fulphur  is  to  be  fprinkled  over  its 
furface,  while  an  affidant  dirs  the  whole  about 
with  a dick ; the  fulphur  thus  combines  with 
the  copper  into  a matt,  which  floats  above  the 
metal,  and  Is  to  be  removed  with  a pair  of 
tongs,  after  having  moidened  its  furface  with  a 
little  water,  in  order  to  folidify  it.  A freflt 
portion  of  fulphur  is  then  to  be  dirred  in, 
and  the  matt  thus  produced  is  to  be  removed 
as  before  ; by  repeating  this  a fufficient  number 
of  times  the  greater  part  of  the  copper  is  con- 
verted into  matt,  holding  a little  filver,  while 


‘ Aaii.  dc  Chim.  xli.  p.  160. 
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the  refidual  copper,  by  retaining  molt  of  the 
filvcr  that  was  at  firlt  clifFufeii  through  the 
whole  mafs,  becomes  rich  enough  to  be  pah'ed 
immediately  to  the  refinery.  'I'he  matt  is  to 
be  ground  to  powder,  and  mixed  with  common 
fait  and  quicklime,  in  the  proportion  of  i2  per 
tent,  of  each,  and  is  then  to  be  roafted  for  to 
hours.  This  being  finiflicd,  it  is  to  be  amalga- 
mated in  the  manner  above  deferibed,  and  by 
three  fuccefiive  roaftings  and  amalgamations 
the  whole  of  the  filver  may  be  extracted. 

§.4"  Ph^cal  and  Chemical  Properties. 

Silver  is  a metal  of  a beautiful  white  colour, 
pqrfeftly  free  from  tafte  and  fmcll.  The  colour 
is  very  diftinguifhable  from  that  of  every  other 
metal,  being  a pure  brilliant  white,  free  from 
any  other  admixture  of  hue.  Its  fpecific  gravity 
when  fimply  fufed  in  mafs  is  about  10.4  which 
is  fomewhat  increafed  by  hammering  or  la- 
mination, but  lefs  fo  than  moft  other  metals. 
It  is  a foft  metal,  being  eafily  fcratched  by 
copper.  It  is  confiderably  elaftic,  and  when 
hardened  by  alloying,  is  highly  fonorous,  and 
even  in  fmall  quantity  much  increafes  the 
fonoroufnefs  of  the  Mloys  of  Copper,  as  men- 
tioned under  that  article.  Silver  is  one  of  the 
moll  extenfible  metals  that  we  are  acquainted 
with,  its  dudlility  is  only  lefs  than  that  of  gold, 
in  confequence  of  which  it  may  be  beaten  out 
into  extremely  fine  leaves,  and  drawn  out  into 
wire  thinner  than  the  fineft  human  hair.  For 
this  latter  purpofe  however  a fmall  alloy  of  cop- 
per is  found  neceflary,  though  lefs  than  that  of 
ftandard  filver,  which  is  one  twelfth.  Hence  the 
filver  procured  from  the  filver  and  filver-gilt 
wire  ufed  for  laces,  embroidery,  and  other 
ornamental  purpofes,  bears  a higher  price  than 
any  other  ufually  met  with.  This  metal  is  alfo 
very  tenacious,  fo  that  a wire  a tenth  of  an  inch 
diameter  will  fupport  about  240  lbs.  without 
breaking. 

Silver,  when  quite  free  from  alloy,  melts  in 
a moderately  intenfe  red-white  heat,  fo  that  a 
plate  about  the  dimenfions  of  the  thinneft  pafle- 
board,  will  fcarcely  fupport  the  fulleft  heat  of  a 
very  brilk  fire  in  a common  grate.  Wlien  in 
fufion,  if  pure,  the  furface  is  moft  ftrikingly 
brilliant  and  beautiful,  and  like  a white  poliflred 
mirror,  but  as  it  congeals,  it  becomes  of  a clean 
dead  white.  If  cooled  haftily,  the  furface  as  it 
fixes  ftioots  up  into  fmall  irregular  projedlions 
with  fome  little  force,  fo  as  to  difperfe  a few 
particles  of  that  pan  of  the  metal  ftill  in  fufion. 
Hence  in  the  delicate  bufmefs  of  the  ajfay  arifes 
tlie  precaution  of  cooling  meked  filver  very 


gradually  while  it  is  fixing.  Pure  filver  is  not 
fenfibly  volatilized  by  being  kept  in  a heat 
not  much  above  its  melting  point  for  any 
length  of  time,  though  when  mixed  with 
another  metal  which  is  itfelf  volatile,  either  in 
the  metallic  or  oxidated  ftate,  a little  of  the 
filver  is  then  diflipated.  Silver  is  a pcrfici 
metal,  that  is,  it  does  not  oxidate  by  being  kept 
in  fufion  whilft  expofed  to  air.  'rhis  pofition 
however,  though  fufficiently  accurate  for  all 
pradlical  purpofes,  requires  fome  limitation ; 
for  when  this  metal  is  intenfely  heated  xvith 
accefs  of  air,  the  fupport  on  which  it  Ibands 
gradually  becomes  yellow,  owing  to  the  form- 
ation of  an  oxyd  of  filver. 

The  fame  change  takes  place,  as  was  ob- 
ferved  by  Darcet,  Macquer,  and  others,  on 
inclofing  filver  within  fmall  porcelain  bails,  and 
expofing  them  to  a very  long  continued  and 
intenfe  heat,  after  which  a lofs  of  filver  is 
experienced,  and  the  earthen  vefiels  are  found 
enamelled  with  a yellowifh-white  vitreous 
glazing,  refulting  from  the  union  of  the  vitriried 
oxyd  with  the  earth  of  the  porcelain,  through 
whofe  pores  fufficient  oxygen  had  entered  to 
oxidate  part  of  the  filver.  The  pure  oxyds  of 
filver  are  however  reducible  to  metallic  filver  by 
mere  heat,  when  not  in  contadl  with  any  earth 
or  other  fubftance  with  which  they  can  vitrefy, 
fo  that  the  permanence  of  the  oxyd  In  this 
inftance  is  owing  to  its  intimate  union  with 
the  earth.  Under  the  blow-pipe,  filver,  when 
intenfely  heated,  emits  copious  fumes,  which 
will  render  brown  a furface  of  gold  expofed  to 
it,  and  confift  of  the  filver  volatilized  by  the 
extreme  heat.  The  pure  oxyd  cannot  be 
prepared  by  mere  heat,  but  is  readily  fur- 
niflred  by  the  precipitation  of  the  acid  foliations 
by  an  alkali.  In  this  ftate  it  is  Infoluble  in 
water,  free  from  tafte,  and  cannot  be  fublimed, 
but  when  heated  perfe  it  returns  to  its  metallic 
ftate,  except  the  part  immediately  in  contacl 
with  any  earthy  matter  which  becomes  fixed  by 
vitrefying  with  it. 

Silver  Is  nearly  unalterable  by  fimple  expofure 
to  air  and  moifture,  fo  that  it  Is  incapable  of 
rufting.  A polifhed  furface  of  this  metal  will 
remain  bright  for  fome  time  in  a pure  air  free 
from  fulphureous  and  animal  vapours ; by 
degrees  however  the  metal  becomes  dull  and 
brownifti,  and  after  a while  a very  flight  coating 
forms  on  its  furface,  which  rubbing  with  any 
foft  powder  will  take  off,  and  the  brightnefs 
will  be  reftored  with  fcarcely  any  lofs  of  weight, 
the  outer  coating  long  protefling  the  metal 
within  from  further  change.  This  takes  place, 
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hov/ever,  much  more  rapidly  when  the  filveris 
alloyed  (as  in  the  common  plate)  than  when 
pure.  In  general  the  tarnifi  of  filver  is  in  too 
fmall  a quantity  to  be  examined,  but  when  this 
metal  has  been  expofed  for  a very  long  feries  of 
years  to  the  common  air  of  towns  and  inhabited 
places,  the  corrofion  penetrates  deeper,  and  the 
altered  part  will  readily  peel  off.  This  how- 
ever is  not  the  pure  oxyd,  but  the  fulphuret,  as 
was  afcertained  by  Prouft,  the  properties  of 
which  will  be  afterwards  defcribed,  fo  that  we 
know  of  no  fimple  oxyd  of  filver  formed  fpon- 
taneoufiy  in  the  air. 

Water  has  no  efFe£l;  whatever  on  filver  at  any 
temperature,  and  is  not  decompofed  upon  it. 
But  when  bright  clean  filver  is  immerfed  in 
common  natural  waters,  particularly  thofe  that 
receive  the  refufe  of  animal  or  vegetable  matter, 
in  no  great  length  of  time  the  whole  becomes 
tarnifhed  and  brittle,  and  is  converted  into  a 
fulphuret.™ 

Though  filver  at  no  temperature  undergoes 
combuftion  by  fimple  contadl  of  common  air, 
or  oxygen  gas,  yet  it  burns  totally  and  moft 
beautifully  in  the  eleftric  and  efpecially  the 
galvanic  circles.  Silver  wire  or  leaf  applied 
to  a powerful  galvanic  apparatus,  burns  moft 
readily  with  an  exquifite  green  flame,  and  a 
denfe  grey  fmoke. 

The  fulphuric  acid  has  no  efFeft  on  filver  in 
the  cold  in  any  ftate  of  dilution,  but  when  the 
acid  is  concentrated  and  a boiling  heat  is  em- 
ployed, efFervefcence  begins,  an  abundance  of 
very  pure  fulphureous  acid  gas  is  given  out  (as 
with  this  acid  and  mercury)  and  the  metal  is 
changed  to  a white  pulverulent  mafs,  or  is  dif- 
folved  entirely  into  a denfe  clear  liquid  if  the 
quantity  of  the  acid  is  about  four  times  that  of 
the  filver,  which  latter  Ihould  be  added  in 
fmall  fhreds  or  grains. 

This  folution  is  extremely  ftyptic  and  re- 
quires an  excefs  of  acid.  By  evaporation  it 
furnifiies  fmall  white  brilliant  needled  cryftals.“ 

Sulphat  of  filver  when  heated  per  fey  melts 
and  fwells  up,  and  is  not  changed  in  a mode- 
rate heat,  but,  on  increafmg  it,  blackens,  ex- 
hales fulphureous  acid  and  oxygen,  and  finally 
returns  to  the  pure  metallic  ftate.  This  fait 
is  flowly  difcoloured  by  light,  and  turns  of  a 
blackifti  brown.  None  of  the  acids  except  the 
muriatic  alter  it,  but  this,  in  whatever  com- 
bination it  be,  feizes  upon  the  whole  of  the 
filver  and  unites  with  it  into  that  curdy  fub- 
ftance,  the  muriat  of  filver  or  luna  cornea, 
which  will  be  prefently  defcribed. 

■ See  Wifeman  and  Hatchett  in  Phil.  Trans.  toI. 


With  alkalies  and  other  decompofing  fub- 
ftances  the  fulphat  of  filver  is  decompofed 
nearly  as  the  nitrat.  Sulphat  of  filver  is  alfo 
formed  by  adding  to  nitrat  of  filver  either  ful- 
phuric acid  or  any  alkaline  or  earthy  fulphat. 
The  refult  in  either  of  thefe  cafes  is  a white 
heavy  precipitate  of  fulphat  of  filver  which  is 
infoluble  in  water,  but  with  a frefli  portion  of 
fulphuric  acid  forms  a folution  fimilar  to  that 
already  defcribed. 

The  precipitated  oxyd  of  filver  diflblves  more 
eafily  in  fulphuric  acid  than  the  metal. 

The  fulphureous  acid  has  no  adfion  on  filver 
but  readily  combines  with  its  oxyd.  This  fo- 
lution cryftallizes  fpontaneoufly  in  fmall  pearl- 
grey  brilliant  grains,  unaltered  by  light.*  The 
fame  fait  is  procured  (as  in  the  former  cafe)  by 
adding  to  the  nitrat  of  filver  either  fulphureous 
acid  or  a fulphite  of  potafti  or  foda.  The  ful- 
phite  of  ammonia  diflblves  the  oxyd  of  filver, 
which  it  detaches  from  its  combination  with 
the  nitric  acid  and  (agreeably  to  the  ufual  habi- 
tudes of  the  ammoniacal  falts)  produces  a triple 
ammoniaco-fulphite  of  filver,  which  by  expofure 
to  the  air  becomes  converted  into  a fulphat. 

The  nitric  acid  diflblves  filver  eafily,  and  in 
large  quantity,  and  is  the  acid  conftantly  em- 
ployed for  this  purpofe  in  the  arts.  The  con- 
centrated acid  fhould  be  diluted  with  from  two 
f.o  four  parts  of  water.  Very  foon  after  the 
filver  is  immerfed  in  the  acid  a ftrong  efFervef- 
cence begins,  much  nitrous  gas  is  given  out, 
which  forms  a copious  orange-coloured  vapour 
as  it  efcapes  from  the  veflel,  and  the  acid  af- 
fumes  a light  blue-green  colour  which  is  inde- 
pendant of  any  copper  which  the  filver  may 
contain,  and  is  owing  to  the  folution  of  a por- 
tion of  the  nitrous  gas  in  the  acid.  If  however 
the  filver  contains  copper  this  increafes  the 
bluenefs,  and  the  colour  remains  after  the  fo- 
lution is  cold  and  faturated,  which  is  not  the 
cafe  when  the  filver  is  pure.  A confiderable 
heat  is  excited  by  the  ablion  of  the  acid  on  the 
filver,  which  alfo  much  aflifts  in  the  rapidity 
of  the  procefs,  fo  that  where  the  quantity  of 
each  is  at  all  confiderable  no  artificial  heat  is 
required.  The  folution  is  made  very  conveni- 
ently by  putting  the  filver  (granulated  or  in 
fhreds)  into  a decanter  or  matrafs,  adding  the 
acid,  and  to  it  about  four  parts  or  more  of  hot 
water,  and  fetting  it  under  a chimney  to  draw 
off  the  fumes.  The  folution  then  begins  almoft 
immediately,  and  goes  on  with  increafmg  vio- 
lence for  a time  and  then  continues  fteadily  till 
the  filver  is  diflblved  or  the  acid  faturated, 
Ixxxviii.  • Beaumew  * Faurcroy. 
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without  requiring  any  artificial  heat.  Towards 
the  end  however  it  may  be  boiled  for  a few 
minutes  where  perfedb  faturation  is  wanted,  or 
where  every  atom  of  filver  is  to  be  feparated 
from  gold  as  in  the  procefs  of  parting  defcribed 
under  the  article  AJfay.  If  the  effervefcence  is 
too  violent,  fo  as  to  endanger  an  overflow  of 
the  contents  of  the  velTel,  it  muft  be  moderated 
by  adding  cold  diftiiled  water. 

When  the  filver  contains  a little  gold  as  is 
the  cafe  with  a large  proportion  of  the  ftandard 
filver  in  ufe,  the  gold  is  left  behind  after  the 
folution  of  the  filver  in  the  form  of  a black 
powder,  which  when  collefted,  and  fufed  with 
a little  borax,  appears  in  its  reguline  ftate. 

When  the  nitric  acid  contains  either  muri- 
atic or  fulphuric  acid  a milkinefs  is  perceived 
as  foon  as  the  effervefcence  begins,  owing  to 
the  feparatlon  of  the  firft  portions  of  the  dif- 
folved  filver  from  the  nitric  acid  in  the  form  of 
an  infoluble  fulphat  or  muriat.  Where  the 
quantity  of  thefe  foreign  acids  is  but  fmall,  it 
does  not  materially  impede  the  procefs,  and 
thefe  infoluble  falts,  after  the  nitric  acid  is 
fully  faturated,  fall  to  the  bottom  by  (landing 
at  reft  for  fome  hours. 

A fmall  quantity  of  the  nitrat  of  filver  is 
Volatilized  along  with  the  nitrous  gas  during 
the  lolution,  efpecially  if  carried  on  with  rapi- 
dity, and  at  a confiderable  heat.P  This  is 
proved  by  condenfing  the  vapour  in  a receiver, 
containing  a clear  lolution  of  common  fait, 
which  is  thereby  rendered  milky. 

Liquid  nitrat  of  filver  is  perfe£lly  clear  and 
colourlefs  in  cafe  the  filver  was  pure,  but  if 
ftandard  filver-  be  employed  the  colour  is  a 
light  blue,  owing  to  the  prefence  of  copper. 
When  at  all  concentrated  its  tafte  is  exceffively 
ftyptic  and  bitter,  and  it  rapidly  corrodes  the 
Ikin  of  the  tongue.  Even  in  extreme  dilution 
the  bitter  ftyptic  metallic  tafte,  is  very  fenfi- 
ble,  and  it  remains  for  a long  time  in  the  pa- 
late. This  fait  blackens  every  part  of  the  (kin 
and  all  other  animal  matters.  The  blacknefs 
however  does  not  come  on  till  after  the  part 
has  been  expofed  for  fome  time  to  the  light, 
and  is  therefore  particularly  haftened  by  fun- 
Ihine  •,  but  the  mutual  aftion  between  the  fait 
and  the  skin,  is  fo  fudden,  when  the  folution  is 
concentrated,  that  a few  feconds  of  conta6l 
w'ill  be  fufficient  infallibly  to  produce  the  ef- 
fe£l  though  it  be  carefully  waflied  off  imme- 
diately after.  This  ftain  lafts  for  feveral  days, 
and  only  goes  oft'  by  the  natural  change  of  the 
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cuticle,  fo  that  in  dead  animal  matter  it  is  in- 
delible. 

The  blacknefs  Is  owing  to  a reduftion  of 
the  metal  in  exceffively  minute  particles  ; for 
w'hen  examined  in  a ftrong  fun-fhine  with  a 
powerful  microfcope  the  particles  of  metallic 
filver  may  be  diftinguiftied. 

Moft  vegetable  fubftances  are  alfo  ftalned  by 
this  fait,  though  in  a lefs  degree,  and  lefs  per- 
manently. 

When  this  folution  Is  fufficiently  concen- 
trated it  readily  cryftallizes  on  cooling.  The 
form  of  thefe  cryftals  is  generally  fix-fided,  or 
fquare  thin  plates,  often  ranged  like  the  fticks 
of  a fan,  and  forming  very  beautiful  groups. 
This  fait  is  not  deliquefcent,  and  is  foluble  in 
about  four  parts  of  cold  water  and  much  lefs 
of  boiling. 

It  appears  to  contain  but  little  water  of  cryf- 
tallization,  for  when  moderately  heated  it 
melts,  and  may  be  kept  at  that  ftate  without 
lofing  more  than  one  per  cent,  of  its  weight. 
By  cooling  it  then  concretes  into  a dark  grey 
mafs,  which  is  the  nitrat  fcarcely  altered,  and 
when  rediffolved  in  water  will  again  cryftal- 
lize.  This  grey  folid  nitrat  forms  a very  valu- 
able cauftic  for  the  ufe  of  furgeons,  and  for 
convenience  is  call  In  oiled  moulds  into  pieces 
about  the  fize  of  pencils,  which  are  called  lunar 
caujiic  or  lapis  hifernalis.  "I  his  is  a£lually  pre- 
pared however  without  the  trouble  of  cryftal- 
lization,  fimply  by  evaporating  the  nitrat  of 
filver  to  the  proper  degree,  and  cooling  the 
refidue  In  the  proper  moulds.  When  one  of 
thefe  pencils  is  broken  acrofs  it  prefents  a radi- 
ated texture.  The  degree  of  caufticity  of  this 
fubftance  is  by  no  means  fo  powerful  as  that 
of  the  folid  alkalies,  for  it  corrodes  the  cuticle 
with  difficulty,  and  it  requires  fome  hours  to 
deftroy  the  furface  of  the  flelh. 

There  are  two  great  agents  which  moft 
powerfully  decompofe  nitrat  of  filver,  light 
and  heat.  Light  has  no  aftion  on  the  liquid 
folution  when  kept  in  a bottle,  full  and  well 
Hopped,  but  if  any  portion  is  fpilt,  and  the 
moifture  evaporates,  the  remaining  nitrat 
blackens,  is  decompofed,  and  w-hen  diffufed  In 
v/ater  it  is  no  longer  entirely  foluble,  but  a 
black  powder  fubfides,  which  is  filver  nearly  if 
not  wholly  in  the  reguline  ftate,  and  minutely 
divided. 

Heat  alfo  totally  decompofes  this  fait,  for  if 
it  is  heated  at  all  beyond  the  ftate  of  lunar 
cauftic,  globules  of  reduced  filver  are  found 

tom.  62,  p.  212,  &c. 
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Aliffiifed  iti  the  mafs.  By  making  the  experi- 
ment in  a glafs  retort,  and  a proper  apparatus, 
the  fait  will  be  found  to  give  out  nitrous  gas, 
oxygen,  a little  azot,  and  at  laft  nothing  re- 
mains but  the  filver,  very  pure,  white,  and 
ductile.  If  a piece  of  this  fait  be  laid  on  red 
hot  charcoal  it  deflagrates  like  common  nitre, 
and  when  this  is  over,  the  charcoal  is  covered 
with  a ftrongly  adhering  coat  of  filver,  which 
by  a little  rubbing  appears  of  its  natural  co- 
lour. 

The  compofition  of  nitrat  of  filver  is  given 
by  Prouft,  as  follows;  loo  parts  of  the  fufed 
nitrat  ciccompofed  by  heat  leave  64  of  pure 
filver,  whence  100  parts  of  filver  would  form 
140  of  the  nitrat.  On  the  other  hand  100 
parts  of  filver  unite  with  9.5  of  oxygen  when 
oxydated  in  the  degree  in  which  the  metal  exifts 
in  the  nitrat,  whence  loo  parts  of  the  nitrat 
would  be  compofed  of  about. 

Silver  64  \ 

Oxygen  6 j 
Nitric  acid  - 30 

100 


The  a£lual  quantity  of  lapis  infernalis  ufu- 
ally  obtained  from  filver  is  about  13  drachms 
from  8 drachms  of  pure  filver,  but  only  10  or 
1 1 drachms  from  the  fame  quantity  of  ftandard 
filver. ** 

Nitrat  of  filver  detonates  molt  violently  with 
phofphorus.  If  a fmall  cryftal  of  nitrat  of  filver 
is  laid  on  an  iron  anvil,  and  about  half  a grain 
of  phofphorus  is  put  upon  it  and  ftruck  fmartly 
with  a hammer  it  explodes  with  a very  violent 
report.  A greater  quantity  of  thefe  materials 
might  be  dangerous  to  the  operator.  The  iron 
is  found  after  the  explofion  covered  with  minute 
particles  of  metallic  filver. 

Phofphorus  will  alfo  reduce  the  nitrat  of 
filver  in  the  moift  way.  Put  a flick  of  newly 
melted  phofphorus  into  a very  dilute  folution 
of  nitrat  of  filver,  and  in  half  a day  it  will  be 
filvered  on  its  furface,  and  gradually  the  w hole 
of  the  filver  precipitates  on  the  phofphorus  in 
fine  dendritic  cryftals. 

Hydrogen  alfo  rapidly  reduces  the  nitrat  of 
filver,  and  during  its  redu£lion  it  pafl'es  through 
various  (hades  of  brown,  till  it  acquires  the 
metallic  lullre.  A coating  of  filver  may  be 
thus  fixed  on  filk,  as  Mrs.  Fulham  has  obferved 
in  her  ingenious  experiments,^  by  moiftening 
the  filk  and  expofing  it  while  wet  to  a current 
of  hydrogen  gas.  Thus  placed,  the  filk  be- 


comes gradually  brown,  and  as  the  redutlion 
advances  the  furface  is  covered  with  an  iridef- 
cent  pellicle  of  various  colours  whilft  a firm 
coating  of  filver  fixes  to  the  threads.  It  w^as 
found  impra£licable  however  to  produce  an 
uniform  perfe£l  filvering  by  this  method,  for 
though  many  particles  of  bright  white  metal 
may  be  obferved,  the  general  appearance  is 
tarnifhed  and  void  of  lullre. 

Nitrat  of  filver  is  alfo  reduced  very  readily 
upon  charcoal  by  the  fun’s  rays,  or  by  expofure 
to  a heat  of  boiling  water  without  the  affift- 
ance  of  light.  This  reduftion  forms  fome 
beautiful  experiments,  which  are  given  by 
Count  Rumford.®  Some  charcoal  was  firft 
boiled  for  fome  time  in  diflilled  water,  till  it 
had  become  fo  much  wetted  as  to  fink  in  this 
fluid.  A piece  of  it  was  then  introduced  into 
a phial  containing  a moderately  dilute  folution 
of  nitrat  of  filver  in  diflilled  water  (this  fait 
having  been  previoufly  fufed  and  reduced  to 
the  date  of  lapis  Infernalis  to  drive  off  what 
little  excefs  of  acid  the  cryflallized  fait  might 
contain)  and  It  was  fet  in  a flrong  fun-fhine. 
In  lefs  than  an  hour  fmall  fpecks  of  revived 
filver  appeared  on  the  charcoal,  and  this  depofi- 
tion  of  filver  continued  till  the  charcoal  was 
covered  wdth  fpangles  of  reduced  filver  per- 
fe£lly  white  and  refplendent.  The  fame  expe- 
riment was  repeated  with  the  difference  that 
the  phial  was  inclofed  in  a tin  box  and  expofed 
for  an  hour  to  the  heat  of  boiling  water  in  a 
common  (learner  ufed  for  boiling  potatoes. 
When  examined,  the  furface  of  the  charcoal 
was  covered  wdth  a mofl  beautiful  metallic  ve- 
getation, fmall  filaments  of  revived  filver  re- 
fembling  fine  flatted  wdre  pufliing  out  frohi  the 
furface  in  all  dire£lIons,  and  extending  to  the 
diflance  of  a tenth  of  an  inch. 

Silver  is  precipitated  from  its  nitric  folution 
by  mercury.  If  the  folution  contains  both  fil- 
ver and  mercury,  and  the  precipitating  metal 
be  alfo  a compound  of  mercury  and  filver,  a 
curious  and  beautiful  precipitation  of  a brilliant 
alloy  of  thefe  two  metals  is  depofited  in  an 
arborefcent  form  which  has  been  called  the 
' Arbor  Diana  or  Silver  Tree.  Lemery  was  the 
firfl  who  obferved  this  curious  metallic  vegeta- 
tion, and  various  proportions  of  the  ingredients 
have  been  given  by  different  chemifts,  all  of 
which  fucceed  to  a certain  degree.  The  mod 
eflential  point  feems  to  be,  that  in  the  folution 
the  filver  fhould  much  exceed  the  mercury, 
but  in  the  precipitant  the  mercury  fhould  ex- 
ceed the  filver.  The  proportions  given  by 
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Baumc  are  the  following:  Make  an  amalgam 
o£  one  part  of  leaf  filver  with  feven  of  mer- 
cury, which  will  unite  by  fimple  triture  into  a ^ 
mafs  of  the  confidence  of  foft  butter.  Put  a 
fmall  lump  of  this  amalgam  about  thefize  of  a 
bean,  into  a bottle  containing  a mixture  of  fix 
drachms  of  a Saturated  nitratof  filver  with  four 
drachms  of  a fimilar  folution  of  mercury  di- 
luted with  five  ounces  of  water.  Set  the  bottle 
in  a place  where  it  may  remain  perfectly  at 
red,  and  the  expedted  metallic  vegetation  will 
generally  fucceed.  It  begins  by  the  appearance 
of  fmall  fpiculte  dicking  on  the  furface  of  the 
lump  of  amalgam,  which  after  a while  increafe 
to  broad  brilliant  blades  elegantly  arborefeent, 
which,  if  the  bottle  is  kept  at  red,  have  con- 
fidence enough  to  keep  together,  and  imitate  a 
Ihrub  in  form. 

The  time  required  for  this  depends  on  the 
degree  in  which  the  folution  is  diluted;  in  ge- 
neral, with  the  above  proportions  the  fird  fila- 
ments form  in  a few  minutes,  but  it  takes  a 
day  or  two  to  compleat  the  precipitation.  This 
precipitate  is  brittle,  hardi  to  the  touch,  and 
very  brilliant.  The  amalgam  on  which  it  is 
bafed  lofes  much  of  its  metallic  ludre  and  be- 
comes much  harder  than  at  fird,  and  brittle, 
indead  of  being  of  the  confidence  of  butter. 
Mercury  alone  will  anfwer  the  fame  purpofe  as 
the  amalgam,  but  the  filver  tree  is  more  brittle 
and  fooner  falls  down  by  its  own  weight. 

Nitrat  of  filver  is  decompofed  by  the  fixed 
alkalies  pure  or  carbonated,  and  by  the  alkaline 
earths.  With  the  pure  alkalies  and  earths  a 
grey  precipitate  is  formed,  with  the  carbonated 
alkalies  a yellowiCh  white.  In  the  former  cafe, 
loo  grs.  of  the  precipitate  are  produced  (ac- 
cording to  Bergman  and  Wenzel)  by  about  89 
of  filver,  and  in  the  latter  by  about  77. 

Ammonia  fird  gives  a precipitate  which  it 
fpcedily  rediflblves,  and  forms  with  feme  parti- 
culars in  the  management  the  fulminating  fil- 
ver, which  will  be  prefently  deferibed.  Car- 
bonat  of  ammonia  gives  a white  or  a dark  pre- 
cipitate, according  as  it  is  more  or  lefs  faturated 
with  carbonic  acid.  All  thefe  oxyds  turn 
blackifli  by  expofure  to  light. 

Many  other  metals  alfo  feparate  filver  from 
its  folutions  in  this  and  other  acids,  and  parti- 
cularly copper,  which  is  employed  largely  for 
this  purpofe  by  the  refiners.  In  allaying  gold 
(as  mentioned  under  the  article  ^^ay)  the  cu- 
pelled button  of  gold  and  filver  is  treated  by 
nitric  acid  to  diflblve  out  the  filver  and  leave 
the  gold  pure.  After  this  procefs  f which  is 
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called  patUhig  ly  aqua-fortis)  a nitrat  of  filver  is 
left,  which  when  a fufficient  quantity  is  col- 
lected is  thrown  into  a copper  bafon  fome- 
times  alfo  with  pieces  of  copper  immerfed, 
and  the  filver  is  reduced  in  its  perfect  metallic 
ftate  in  the  form  of  thin  brittle  leaves,  and  the 
bafon  now  contains  nitrat  of  copper.  The 
latter  again  decompofed  by  lime  • yields  the 
pigment  Verditer.  The  whole  of  the  filver  is 
not  however  feparated  by  copper,  for  the  folu- 
tion becomes  milky  on  adding  common  fait. 
The  reduced  filver  alfo  contains  a fmall  quan- 
tity of  copper.  Still  it  is  a very  ufeful  and 
convenient  way  of  recovering  the  filver  imme- 
diately in  the  metallic  ftate,  and  is  employed 
both  in  the  large  way  and  in  analyfis. 

Nitrated  filver  is  alfo  decompofed  by  a great 
variety  of  alkaline  and  earthy  falts,  particularly 
by  the  fulphats,  murlats,  phofphats,  &c.  that 
is  by  all  thofe  whofe  acids  united  with  filver 
produce  an  infoluble  fait.  Of  thefe  the  muriat 
of  filver  is  the  moft  important,  and  will  be 
prefently  mentioned. 

Several  of  the  metals  are  found  to  combine 
with  the  acids  in  two  proportions,  one,  where 
the  ingredients  are  in  mutual  faturation,  or  elfe 
where  the  acid  is  in  excefs,  and  the  other 
where  the  metallic  oxyd  predominates.  Prof. 
Prouft*  has  given  the  following  account  of  the 
nitrat  of  filver  with  excefs  of  oxyd,  or  fub 
nitrat. 

It  is  prepared  by  boiling  a faturated  folution 
of  the  common  nitrat  of  filver  wdth  reguline 
filver  in  that  ftate  of  fine  flocculi  in  which  it 
appears  when  precipitated  by  copper.  Nitrous 
gas  is  given  out  during  the  ebullition,  which  is 
to  be  continued  for  about  an  hour,  and  the 
veflel  then  corked  and  fet  by  that  the  undill'olved 
portion  may  fubfide. 

The  folution  is  of  a clear  yellow  colour, 
and  is  the  fub-nitrat  in  queftion.  Being  much 
more  foluble  than  the  nitrat  it  may  be  con- 
centrated to  a much  greater  degree  by  eva- 
poration in  a retort  or  mattrafs  into  which  a 
few  pieces  of  filver  are  to  be  put  to  preferve 
the  excefs  of  this  metal.  During’ the  evapora- 
tion fome  of  the  fait  is  volatilized.  It  is  very 
difficult  to  obtain  this  fub-nitrat  in  regular 
cryftals,  for,  when  fufficiently  concentrated, 
the  whole  is  very  apt  to  congea^^,vnto  a white 
ffiapelefs  mafs,  during  which  a fenfible  heat  is 
given  out. 

This  folution  differs  from  the  common  nitrat 
in  many  particulars.  Its  colour  is  yellow,  but 
the  nitrat  is  without  colour;  the  fub-nitrat 
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c:h:ingeR  the  colour  of  litmus  blue,  and  gives 
a blue  lake  with  it,  but  the  nitrat  produces  no 
effeft:  the  nitrat  turns  cochineal  fcarlet;  the 
fub-nitrat,  deep  yellow ; the  nitrat  does  not 
change  fulphat  of  indigo;  but  the  fub-nitrat 
difcolouvs  it  entirely,  and  the  filver  is  reduced. 
Ammonia  gives  a black  precipitate  with  the 
fub-nitrat  which  is  fimply  reguline  filver  in 
minute  divifion  and  does  not  fulminate;  nor  is 
the  precipitate  rediflblved  by  an  excefs  of  am- 
monia, but  the  clear  liquor  contains  oxyd  of 
filver  diflblved  in  this  alkali.  When  the  folu- 
tion  of  the  fub-nitrat  is  expofed  to  the  air,  in  a 
few  days  it  lofes  its  yellow  colour,  and  depofits 
large  blades  of  cryftallized  nitrat  of  filver. 
The  cryftals  are  then  in  the  ftate  of  common 
nitrat,  fo  that  the  two  falts  dift'er  both  in  the 
quantity  of  acid  and  of  oxygen  being  lefs  in 
the  fub-nitrat.  If  fome  drops  of  nitric  acid 
are  poured  into  the  concentrated  folution  of 
the  fub-nirrat  large  cryftals  of  nitrated  filver 
form  almoft  immediately,  the  yellow  colour  is 
loft,  and  the  whole  becomes  common  nitrat. 
If  the  folution  is  lefs  concentrated,  and  nitric 
acid  is  added,  ujtrous  gas  is  given  out. 

If  muriatic  acid  is  added  to  the  fub-nitrat, 
common  muriat  of  filver  is  precipitated,  fo  that 
the  fupernatant  liquor  ought  to  be  ftill  lefs 
oxygenated  than  before. 

Water  a£fs  in  a ftriking  manner  on  the  folid 
fub-nitrat.  If  csld  water  is  poured  on  it  a 
part  only  diflblves,  and  the  refidue  is  a yellow 
powder,  a compound  of  filver,  nitric  acid,  and 
oxygen,  in  which  the  two  latter  fubftances  are 
in  ftill  fmaller  proportion  to  the  metal  than  in 
the  liquid  fub-nitrat,  or  the  folid  fait  before 
the  aftufion  of  water.  The  fait  therefore  di- 
vides itfelf  into  two  portions,  the  foluble  part 
abftrafiing  from  the  other  a portion  of  its  acid 
and  its  oxygen,  which  is  nearly  fimilar  to  what 
takes  place  with  the  fulphats  of  mercury  dur- 
ing the  formation  of  turbith,  and  with  the  nitrat 
of  this  metal.  If  boiling  water  is  added  to  the 
folid  fub-nitrat,  thefe  changes  proceed  ftill  fur- 
ther and  the  infoluble  portion  becomes  fuccef- 
fively,  but 'almoft  inftantaneoufly,  yellow,  red, 
and  black.  If  whilft  it  is  yellow  or  red,  a few 
drops  of  nitric  acid  are  poured  in,  the  further 
change  is  flopped  and  the  whole  diflblves  into 
a colourlefs  folution,  but  after  the  colour  has 
become  black,  this  does  not  take  place.  This 
black  powder  is  merely  filver  in  fine  divifion, 
and  filvers  the  bottom  of  the  vefTel  by  ftanding. 

If  the  folid  fub-nitrat  is  ftill  furthjr  heated 
in  a retort,  it  thickens,  gives  out  nitrous  gas. 


fufes,  and  a yellow  fublimate  arifes.  No  fuch 
fublimate  is  formed  with  the  nitrat.  The  above 
fabls  fliew  that  there  are  at  leaft  two  ftates  of 
oxydation  of  filver  when  in  folution,  but  the 
ingenious  difcoverer  does  not  give  the  propor- 
tions of  the  fub-oxyd. 

All  the  folutions  of  filver  are  blackened  im- 
mediately by  fulphuretted  hydrogen,  either  in 
the  gafTcous  or  liquid  ftates,  and  all  the  folid 
fulphurets  produce  the  fame  change  on  filver, 
as  will  be  prefently  mentioned. 

A compound  acid,  extremely  ufeful  for  dif- 
folving  filver  when  mixed  with  copper  and 
fome  other  metals,  has  been  difcovered  by  Mr. 
Keir.“  It  is  formed  by  diflblving  one  part  of 
nitre  in  about  eight  or  ten  parts  By  weight  of 
ftrong  fulphuric  acid.  When  pieces  of  filver 
are  thrown  into  this  acid  (undiluted  with 
water)  and  a heat  of  from  ico°  to  200°  is 
applied,  an  effervefcence  of  nitrous  gas  takes 
place  and  the  filver  is  diflblved.  This  makes  a 
very  denfe  heavy  folution  which  readily  con- 
cretes by  cooling,  but  may  be  moderately  di- 
luted with  water  without  becoming  turbid. 
This  compound  acid  (which  may  be  termed 
the  nitro-filphuric)  diffolves  about  a fifth  or  a 
fixth  of  its  weight  of  filver,  and  with  much 
more  eafe  than  the  fulphuric  acid  fingly  would 
do.  The  quantity  of  nitrous  gas  given  out  in 
the  procefs  feems  to  be  lefs  in  proportion  as 
that  of  the  nitre  is  greater.  The  nitro- fulphuric 
acid,  undiluted,  alfo  oxydates  and  partly  dif- 
folves tin  and  mercury,  but  it  hardly  touches 
copper,  lead,  gold,  or  iron.  Hence  it  is  par- 
ticularly ufeful  in  recovering  the  filver  from 
the  furface  of  any  filver  plated  metal,  which  is 
an  obje£I  in  large  manufadfures  of  plated 
goods,  and  was  ufually  done  from  copper  plate 
at  Birmingham  by  more  expenfive  methods. 
The  precife  proportions  of  fulphuric  acid  and 
nitre  are  not  of  much  confequence.  On  the 
other  hand  if  water  is  added  to  the  acid,  its 
power  of  diflblving  filver  is  much  leflened, 
and  it  then  a£ts  on  copper  with  eafe. 

The  filver  may  be  recovered  from  the  folu- 
tion either  by  adding  common  fait  which  fepa- 
rates  it  in  the  form  of  muriat  of  filver  (which 
is  afterwards  reftored  to  the  metallic  ftate  by 
fufion  with  alkalies)  or,  more  fimply,  by  dilut- 
ing the  folution  with  water  and  continuing  to 
immerfe  the  fame  pieces  of  copper  plate  which 
have  loft  their  fil vexing.  The  acid  being  now 
able  to  a£l  on  the  copper  will  faturate  itfelf 
with  this  metal  in  preference,  and  will  depofit 
the  filver  in  the  metallic  form.  The  fulphat 
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cf  copper  may  then  be  applied  to  feveral  ufes. 
The  firft  way  however  gives  a purer  filver. 

Sulphuric  acid  impregnated  with  nitrous  gas 
(a  combination  firft  noticed  by  Dr.  Prieflley) 
difiblves  filver  with  effervefcence  as  foon  as 
heat  is  applied,  the  folution  becomes  of  a vio- 
let colour  and  much  nitrous  gas  is  difengaged. 
By  moderate  dilution  a white  faline  powder 
falls  down  which  is  rediflblved  in  more  water. 
The  undiluted  folution  faturated,  and  fet  in  a 
cool  place,  readily  congeals,  but  when  diluted 
nightly  it  gives  foliated  cryftals. 

The  carbonic  acid  has  no  adVion  on  filver  or 
its  oxyd,  but  a carbonated  oxyd  infoluble  in 
water  is  formed  by  precipitating  the  nitrat  or 
any  other  folution  by  a carbonated  alkali.  This 
fubftance  is  a yellowifli  white  powder,  which 
by  expofure  to  light,  foon  turns  blackifti,  and 
in  time  it  contains  a fenfible  portion  of  metallic 
filver.  It  is  a convenient  preparation  for  mak- 
ing the  falts  of  filver  with  thofe  acids,  which, 
like  the  acetous,  do  not  adf  on  this  metal  in 
the  reguline  ftate. 

Muriatic  acid  is  ufually  faid  to  have  no  ac- 
tion on  reguline  filver  either  hot  or  cold.  This 
is  the  fa£l:  (generally  fpeaking)  for  the  adlion 
in  a moderate  time  is  fo  fmall  that  the  filver 
hardly  appears  corroded,  though  after  a certain 
time  and  particularly  with  the  afliftance  of  heat 
the  metal  is  converted  into  an  infoluble  muriat 
and  the  remaining  acid  which  is  proportionally 
weakened  retains  fcarcely  a particle  of  the  mu- 
riat in  folution.*  But  the  oxyd  of  filver  readily 
unites  with  this  acid  and  forms  a white  curd- 
like mafs  infoluble  in  water.  This  combination 
however  is  more  frequently  made  by  the  mode 
of  precipitation,  and  occurs  whenever  muriatic 
acid,  or  any  alkaline  or  earthy  muriat  is  added 
to  any  fait  of  filver  except  the  pruffiat.  In  this 
cafe  if  the  folutions  are  at  all  concentrated,  at 
the  moment  of  mixture  a white  curd-like  fub- 
ftance feparates,  and  fpeedily  finks  to  the  bot- 
tom, which  is  the  muriat  of  filver  or  luna  cor- 
nea. This  precipitation  is  one  of  the  moft  fami- 
liar to  chemifts,  for  being  perfeiftly  infoluble  in 
water  it  fhews  itfelf  when  the  moft  minute 
quantities  of  muriatic  acid  and  filver  are  pre- 
fent,  and  thus  it  forms  a moft  ufeful  tell  for 
either  fubftance. 

When  the  quantity  is  extremely  fmall  In- 
deed, no  a£Iual  precipitate  can  be  colledled, 
but  the  folutions  which  were  limpid  before 
mixture  become  more  or  iefs  opalefcent  after- 
wards. Thus  the  pureft  natural  waters  con- 
tain feme  particles  of  common  fait  or  earthy 
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muriats,  and  therefore  if  a drop  of  nitrated  fi- 
ver be  ihaken  with  a bottle  full  of  water,  it 
becomes  almoft  immediately  milky  or  opalel- 
cent  according  to  the  quantity  contained.  This 
teft  is  fo  delicate  that  it  will  even  detedl  the 
minute  portion  of  muriat  of  foda  adhering  to 
the  liun,  for  if  a phial  containing  diftilled 
water  with  a drop  or  two  of  nitrat  of  filver  be 
fhaken,  with  the  thumb  ufed  as  a ftopper,  in 
a fhort  time  it  will  have  dillblved  enough  of 
fait  from  the  furface  of  the  cuticle  to  become 
llightly  opalefcent  on  ftanding. 

Muriat  of  filver  does  not  feparate  compleatly 
from  the  liquor  of  the  folution  in  which  it  is 
formed,  till  all  the  filver  is  precipitated,  for 
w'hilft  any  remains  in  folution,  though  the 
curdy  precipitate  is  copious,  the  fupernatant 
liquor  alfo  remains  very  milky,  bm  as  loon  as 
fulficient  muriatic  acid  is  added  to  engage  the 
whole  of  the  filver,  the  liquor  becomes  limpid 
almoft  fuddenly.  'fhe  muriat  may  then  be 
colleifted  and  edulcorated  with  the  utmoft  eare, 
more  fo  than  any  other  known  precipitate.  It 
retains  the  laft  portions  of  water  however,  with 
confiderable  obftinacy,  fo  that  it  cannot  be 
thoroughly  dried  at  the  heat  of  bo.Iling  v/ater, 
without  remaining  in  that  temperature  for  a 
confiderable  time.  When  perfecbly  dry  It  is  in 
hard  harlh-feeling  lumps,  which  do  not  in  the 
leaft  foil  the  fingers. 

Muriat  of  filver  melts  at  a heat  fomewhat 
below  rednefs,  (that  is  about  the  degree  at 
which  lead  melts)  and  flows  into  a thin  yel- 
lowiflr  liquid.  A fmall  portion  of  it  volatilizes 
during  the  fufion,  but  alter  it  is  melted  it  may 
be  kept  in  a common  crucible  at  a faint  red- 
heat  for  an  indefinite  time  without  fubliming, 
or  finking  through  the  pores  of  the  vefl'd. 
Neither  does  it  attack  glafs  in  any  degree,  but 
at  this  temperature  is  tranfparent  and  has  a 
pearl-grey  luftre  which  is  very  diftinguifhable. 
When  cold  it  concretes  into  a yellowiih,  tough 
mafs,  tranfparent  in  thin  laminae,  flexible, 
which  may  be  eafily  cut  with  fcifliirs,  and  a 
good  deal  refembles  horn  in  its  appearance, 
whence  the  term  horn  filver,  or  luna  cornea, 
which  properly  only  belongs  to  it  in  tliis  ftate, 
but  is  indiferiminately  ufed  for  the  muriat  in 
any  ftate,  and  which  we  fiiall  here  retain. 
Luna  cornea  when  cooled  in  mafs  may  be 
turned  on  the  lathe,  and  fnuft' boxes  have  been 
made  of  it  by  tlie  curious.  When  cooled 
flowly  it  has  a ftrong  tendency  to  the  octohedral 
form.*  A ftrong  red  heat  volatilizes  it  totally 
in  very  denfe  white  fumes. 

* Ibid. 
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Murlat  of  filver  when  newly  precipitated  is 
of  a delicate  white  colour,  but  this  changes  very 
fpeedily  and  in  a very  ftriking  manner  to  a grey 
Hate  colour  by  a fhort  expofure  to  light,  which 
is  an  ufeful  mark  of  diftinffion  between  this  and 
many  other  metallic  precipitates.  The  change 
however  is  quite  fuperficial.  In  a ftrong  fun- 
fhme  it  takes  place  very  rapidly,  and  it  was 
difcovered  by  Schcele  that  when  the  rays  are 
leparated  by  a prifm  and  thrown  feparately  on 
the  muriat,  the  blackening  took  place  in  twenty- 
four  feconds  in  the  violet  ray,  and  in  an  in- 
creafing  diftance  of  time  in  the  fucceffive  colours 
of  the  fpeftrum,  fo  that  in  the  red  ray,  no  lefs 
than  twenty  minutes  were  required.  Mr.  Ritter 
of  Jena  has  fmce  found  that  as  there  are 
invifible  heat-making  rays  exifting  on  the  outfide 
of  the  prifmatic  fpecTrum  beyond  the  red  ray, 
(difcovered  by  Dr.  Herfchell,  and  mentioned 
under  the  article  Caloric)  fo  there  are  invifible 
rays  on  the  other  fide  of  the  fpedirum,  beyond 
the  violet  ray,  which  pofiefs  in  the  higheft 
degree  the  chemical  efFecTs  known  to  be  pro- 
duced by  fenfible  light,  and  particularly  that  of 
blackening  muriat  of  filver.  This  was  alfo 
difcovered  about  the  fame  time  by  Dr.  Wollaflon. 
Mr.  Ritter  alfo  aflerts  that  if  the  muriat  already 
blackened  in  the  violet  fide  of  the  fpe£trum,  be 
transferred  to  the  red  fide,  the  whitenefs  is 
partially  reftored.  Thefe  very  curious  experi- 
ments however  belong  more  properly  to  the 
fuhjecf  of  light. 

As  the  muriat  of  filver  is  produced  in  a great 
variety  of  analytical  experiments,  and  ferves  to 
determine  the  quantities  both  of  muriatic  acid 
and  of  filver  in  any  compound.  It  becomes  of 
great  importance  to  determine  with  perfedl 
accuracy  the  proportion  of  the  conftituent  parts 
of  this  fait.  Fortunately  Its  compofitlon  is  fo 
unil^orm,  its  infolubility  in  water  is  fo  perfe6t, 
and  the  neceflary  procefles  of  edulcoration  are 
fo  eafy,  that  there  is  an  almoft  abfolute  agree- 
ment in  the  refults  of  the  experiments  of  diffe- 
rent chemifts,  regard  being  had  to  the  clrcum- 
flances  of  drying  and  reduction.  It  has  been 
found  by  Klaproth  that  too  parts  of  pure  filver 
diffolved  In  nitric  acid,  and  precipitated  by 
■common  fait,  yield  about  133  parts  of  luna 
cornea,  dried  at  a heat  fuperlor  to  that  of 
boiling  water,  but  fliort  of  its  melting  point, 
that  is  to  fay,  thoroughly  deficcated,  but  with- 
out the  volatilization  of  any  of  its  conftituent 
parts.  Other  chemifts  agree  very  clofely  with 
this  refult,  and  from  the  average  of  thole  that 
appear  entitled  to  the  moft  confidence,  we  may 
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eftimate  100  grs.  of  luna  cornea  thoroughly 
dried  but  not  melted,  to  contain  75.235  grs.  of 
filver. y The  remaining  24.765  grs.  therefore 
confift  of  muriatic  acid  and  oxygen.  Of  the 
latter,  it  is  eftimated  by  Prouft  that  100  parts 
of  filver  take  about  9.5  during  folution  in  nitric 
acid,  and  the  metal  probably  exifts  in  the  fame 
ftate  of  oxygenation  in  the  muriat.  If  this  is 
corredf,  the  oxygen  in  100  grs.  of  dry  luna 
will  be  about  7.15  hence  the  component  parts 
will  be 

Muriatic  acid  17.615 
Silver  - - 75.235 
Oxygen  - - 7.15 
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It  fhould  be  obferved  however  that  Kirwan 
and  .other  chemifts  eftimate  the  quantity  of 
oxygen  taken  up  by  100  grs.  of  filver,  to  be  as 
much  as  10.8,  which  would  make  the  oxygen 
in  100  grs.  of  luna  cornea  to  be  about  8.1,  and 
would  reduce  the  muriatic  acid  to  about  16.6. 
The  proportion  of  filver,  however,  is  more  cer- 
tainly afeertained,  and  the  above  eftimation 
may  be  fafely  taken  without  danger  of  any 
material  error. 

Muriat  of  filver  lofes  fame  weight  when 
pafling  from  the  ftate  of  perfedi  deficcation  to 
fufion,  but  when  melted  it  may  be  kept  in 
fufion  without  further  lofs,  the  heat  not  being 
raifed  much  higher  than  neceflary.  Dr. 
Thomfon  found  132.35  grs.  of  luna  cornea 
dried  at  400°  (the  produdl  of  100  grs.  of  filver) 
to  be  reduced  to  128.67  grs.  by  fimple  fufion, 
whence  100  grs.  of  fufed  luna  cornea  may  be 
eftimated  to  contain  77.36  grs.  of  filver  inftead 
of  75*235  as  given  above. 

Muriat  of  filver  is  nearly  If  not  abfolutely 
infoluble  in  any  acid  except  the  muriatic,  but 
this  acid  diflblves  it  without  difficulty  when 
heated,  and  the  muriat  may  then  be  obtained 
in  o£lohedral  cryftais.  If  this  folution  be 
diluted  with  water  the  muriat  feparates  in  its 
ufual  form.*  Luna  cornea  is  foluble  in  pure 
ammonia  without  decompofition,  and  when  this 
folution  is  evaporated  in  the  temperature  of  the 
atmofphere,  the  muriat  is  left  either  in  fmall 
cubes  or  in  glittering  fcales,  the  latter  of  which 
refemble  very  clofely  the  fuperficial  fcaly  in- 
cruftation  of  the  native  luna  cornea.*  But  if 
the  folution  is  evaporated  by  artificial  heat,  the 
firft  particles  that  fall  to  the  bottom  are  the 
fulminating  oxyd,  and  when  fliaken  in  the 
flighteft  degree  will  detonate  with  extreme  vio- 
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lencej**  fo  that  this  dangerous  experiment  fhould 
be  performed  with  the  utmoft  caution. 

There  are  various  methods  of  reducing 
muriat  of  filver.  The  moft  frequently  ufed  is 
by  carbonat  of  potafh.  For  this  purpofe  rub  the 
dry  muriat  with  about  twice  its  weight  of 
common  pearl-alh,  put  it  into  a crucible,  cover  it 
with  a little  more  pearl-afh,  and  put  it  into  any 
furnace  capable  of  giving  a filver-melting  heat. 
The  crucible  mull  be  large  enough  to  hold  about 
twice  the  bulk  of  the  materials  employed.  Apply 
heat  gradually,  and  the  mafs  will  firft  melt  and 
then  give  off  a great  quantity  of  gas  w'ith  much 
intumefcence,  and  become  quite  black.  Whilft 
this  is  going  on  the  heat  ffould  not  exceed  a 
moderate  rednefs,  otherwife  part  of  the  con- 
tents are  very  liable  to  fpurt  out  by  the  effer- 
vefcence,  after  which  it  may  be  raifed  to  a full 
white  red  for  a few  minutes,  and  the  crucible 
is  then  to  be  taken  off,  (truck  gently  on  the 
outfide  with  a hammer,  to  (hake  down  all  the 
fcattered  globules  of  metal,  and  cooled  very 
gradually.  On  breaking  it,  if  the  reduction  is 
well  performed,  it  will  be  found  to  contain  a 
clean  faline  mafs  confifting  of  muriat  and  car- 
bonat of  potafh  fufed  into  an  uniform  fubftance, 
and  at  the  bottom  will  be  a button  of  perfe£lly 
pure  filver,  beautifully  white  and  refplendent, 
without  the  lead  difcoloration  on  the  furface, 
and  eafily  detached  from  the  faline  mafs  above 
it.  It  requires  fome  pradfical  (kill  to  know 
how  long  to  continue  the  fufion,  for  as  there 
is  a great  excefs  of  caibonat  of  potalh,  the 
operator  need  not  wait  till  all  effervefcence  is 
over,  but  yet  if  the  heat  is  urged  too  brilkly 
fome  of  the  luna  cornea  is  volatilized  along  with 
part  of  the  alkali.  However,  where  the  mere 
obje£l;  is  to  procure  a quantity  of  pure  filver 
from  luna  cornea,  it  is  not  difficult  to  do  it 
without  incurring  any  material  lofs;  but  when 
it  is  required  for  the  purpofe  of  analyfis  to 
obtain  all  the  filver  from  a given  quantity  of  the 
muriat,  more  precaution  is  requifite.  In  exa- 
mining the  crucible  and  faline  mafs  after 
reduction,  minute  globules  of  filver  are  fome- 
times  fouml  either  difperfed  through  the  mafs 
or  more  commonly  (licking  to  the  fides  of  the 
crucible.  In  the  former  cafe  they  arife  either 
from  not  heating  the  mixture  fufficiently,  or 
(what  is  more  probable)  from  cooling  it  too 
fuddenly,  whereby  the  filver,  which  becomes 
folid  much  fooner  than  the  fait,  in  the  moment 
of  congealing,  fpurts  up  fome  globules,  which 
penetrate  and  arc  detained  in  the  fluid  above. 
When  the  globules  (tick  to  the  crucible  it  is 
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often  owing  to  fome  roughnefs  in  its  fides, 
which  may  be  prevented  by  giving  it  a coating 
of  borax  by  melting  a little  of  this  fait  in  it 
before  the  redu£tion.  Small  quantities  of  luna 
cornea  may  alfo  be  reduced  in  a dry  phial  (ot 
in  fand  inllead  of  a crucible,  by  which  all  the 
filver  may  be  colledted  very  accurately.  Car- 
bonat of  Ibda  anfwers  as  well  as  potafh.  Moft 
of  the  effervefcence  may  be  prevented  by  em- 
ploying the  cauftic  alkalies  inftead  of  the  carbo- 
nated, but  this  is  expenfive  in  the  large  way. 
Whatever  care  is  taken  in  the  redudlicn,  it  is 
feldom  that  qufte  75  parts  of  filver  can  be 
recovered  from  100  of  luna  cornea,  fo  that  a 
fmall  portion  is  volatilized. 

Luna  cornea  may  alfo  be  redticed  by  mercury. 
This  method  was  firft  difeovered  by  Marggraf, 
who  has  alfo  given  the  following  interefting 
experiments  on  the  fubje£l.'  This  excellent 
chemift  firft  obferved  that  fpirit  of  fa!  ammoniac 
made  with  fal  ammoniac  and  litharge,  (or  pare 
ammonia  diffolved  in  alcohol)  diffolved  luna 
cornea  in  the  cold;  and  a folutlon  was  equally 
effe£led  by  fpirit  of  fal  ammoniac  prepared 
from  fait  of  tartar  and  fal  ammoniac,  (or  carbo- 
nated ammonia  diffolved  in  alcohol)  and  on 
adding  to  the  latter  folution  fix  times  as  much 
mercury  as  it  contained  of  luna  cornea,  on  the 
next  day  a fine  Arbor  Dianae  was  found  in  the 
mixture,  which  was  a perfeft  amalgam  of 
mercury  and  filver.  This  led  him  to  attempt 
the  redu(Slion  of  luna  cornea  more  diredlly, 
which  he  performed  in  the  following  way.  Put 
in  a glafs  mortar,  one  part  of  luna  cornea,  add 
to  it  about  twice  its  weigh.t  of  dry  carbonated 
ammonia  with  juft  fufficient  water  to  bring  it  to 
the  confidence  of  foup,  and  rub  them  together 
for  a quarter  of  an  hour,  during  which  the 
mixture  will  fwell  and  effervefee  a little:  then 
add  fix  parts  of  the  pureft  mercury  revived  from 
cinnabar,  and  continue  the  rubbing  for  fome 
hours,  during  which  the  mixture  will  firft 
become  of  a blackifti  grey,  and  a perfeCl  amal- 
gam of  mercury  and  filver  will  be  formed. 
Then  add  a quantity  of  water,  which  will  be- 
come milky,  and  pour  it  off  into  a fepar.ite 
veffel  before  the  white  powder  fufpended  in  it 
has  fubfided,  leaving  the  amalgam  in  the  mortar. 
Wa(h  the  latter  repeatedly  with  water,  and 
continue  rubbing,  till  all  the  wdiite  powder  is 
rinced  out,  and  the  water  returns  clear  from  off 
the  pure  amalgam.  The  white  powder  is  fub- 
muriat  of  mercury,  very  fimilar  to  calomel,  and 
the  filver  has  paffed  into  the  mercury  of  the 
amalgam,  whence  it  may  be  recovered  by  dif- 
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tiiling  \i  per  ft  in  a retort,  with  a heat  gradually 
incieafecl  to  rednpfo.  A very  fmall  portion  of 
die  filver  liowever  remains  in  the  white  powder, 
wJiich  may  be  recovered  _by  fublimation,  in 
which  tlic  lub-muriat  of  mercury  rifes  pure,  and 
a grey  powder  remains,  which  melted  with 
borax  gives  a imall  globule  of  filver.  In  this 
way  iViarggraf  recovered  almoft  the  whole  of 
half  an  ounce  of  fine  filver  which  was  flrft 
converted  into  luna  cornea,  for  the  amalgam 
left  after  diftillatlon  half  an  ounce  of  filver 
wanting  four  grains,  and  the  fmall  globule 
procured  from  the  mercurial  fublimate  weighed 
2 f or  3 grains  more.  He  alfo  obferves  that 
it  is  quite  necelfary  to  wafli  out  the  mercurial 
muriat  from  the  amalgam  before  the  latter  is 
diltilled,  for  if  it  is  left  in,  the  affinities  are 
changed  at  a high  temperature,  and  luna  cornea 
and  running  mercury  are  again  formed. 

The  fame  reduffion  of  luna  cornea  takes 
place  without  the  labour  of  rubbing,  by  putting 
it  along  with  the  carbonated  ammonia  and 
mercury  in  a retort,  adding  a good  quantity 
of  water,  and  diftilling  to  drynefs.  There 
remains  then  in  the  retort  the  amalgam  and 
fub-muriat  of  mercury,  which  are  to  be  treated 
as  above.  The  ammoniacal  liquor  which  comes 
over  may  be  faved  for  a future  operation. 

In  all  thefe  procefles  it  is  always  to  be 
remembered  that  it  is  the  carbonated  and  not  the 
caujlic  ammonia  which  is  to  be  employed,  for 
cauftic  volatile  alkali  can  never  be  heated  with 
muriat  of  mercury  without  danger  of  producing 
the  very  formidable  fulminating  powder,  which 
will  be  prefently  deferibed. 

Muriat  of  filver  may  alfo  be  reduced  by  fufion 
u'ith  lead.  Kunckel  recommends  mixing  the 
muriat  with  thrice  its  weight  of  granulated  lead 
and  melting  the  mixture  in  a retort.  It  then 
will  contain  two  diltincl  fubllances,  the  upper  is 
muriat  of  lead,  and  the  lower  metallic  filver, 
alloyed  however  with  a good  deal  of  lead, 
w'hich  mull  afterwards  be  feparated  by  cupella- 
tion.  Prouft  obferves  in  this  procefs  that  two 
parts  of  lead  are  quite  fufficient,  but  there  is 
always  fome  lofs  of  the  filver  after  cupellation, 
as  it  never  exceeds  about  74  parts  from  100  of 
the  luna  cornea.  Several  other  of  the  metals 
will  anfwer  the  purpofe  of  the  lead,  but  with- 
out the  fame  advantages. 

The  habitudes  of  muriat  of  filver  with  iron 
and  its  falts  are  important.  If  the  muriat  is 
boiled  in  an  iron  veffiel  w'ith  water,  and  fome 
bits  or  filings  of  iron,  a powder  gradually 
c-ollefts  at  the  bottom,  which  is  metallic  filver. 


and  when  heated  with  borax,  melts  into  a pure 
button  of  metal.  The  water  contains  muriat  of 
iron.  The  decompofition  is  known  to  be  com- 
pleat  when  the  powder  of  filver  is  not  blackened 
by  expofuve  to  the  fun.  This  procefs  which  is 
given  by  Sage,  was  repeated  by  Prouft  with  the 
following  refults.  A hundred  parts  of  dry  luna 
cornea  (containing  75^  per  cent,  of  filver,^  were 
mixed  with  as  much  iron  filings,  and  boiled 
with  water  for  fome  time  in  a filver  veffiel.  The 
powder  remaining  was  then  well  waffi'ed  and 
mixed  with  mercury  to  collecf  the  filver.  This 
amalgam  left  after  diftillatlon  72^  parts  of  filver, 
and  on  adding  more  mercury  to  the  powder 
2j  more  of  filver  were  left,  making  in  all  75 
per  cent.  Zinc  filings  will  anfwer  as  well 
as  iron. 

Luna  cornea  is  not  decompofed  by  fulphat  of 
iron,  but  it  is  reduced  by  iron  in  the  adl  of  fo- 
lufion  in  dilute  fulphuric  acid,  when  in  conta£l 
with  it.  Muriatic  acid  and  iron  have  the  fame 
effieft.  We  may  here  alfo  make  a few  obferva- 
tions  on  ihe  mutual  adlion  of  fulphat  of  iron 
and  metallic  filver.  ** 

When  the  red  fulphat  of  iron  (or  that  in 
which  the  metal  is  fully  oxygenated)  is  boiled 
with  pieces  of  filver,  a portion  of  the  metal  is 
diffiolved  fo  as  to  give  a luna  cornea  with  fait, 
and  the  fulphat  is  reduced  to  the  ftate  of  the 
green,  or  fub-oxygenatedy  fulphat.  But  on 
keeping  the  folutions  together  for  a time  bright 
fcales  of  metallic  filver  form  in  them  (probably 
with  the  affiiftance  of  the  light)  and  the  fulphat 
returns  to  its  original  ftate  of  compleat  oxyge- 
nation. On  the  other  hand  a cold  folution  of 
the  green  fulphat  mixed  wuth  fulphat  of  filver, 
decompofes  the  latter  and  metallic  filver  preci- 
pitates. Hence  it  appears  that  at  a common 
temperature  the  green  fulphat  takes  oxygen  from 
the  falts  and  oxyds  of  filver,  but  when  the  heat 
is  raifed  the  reverfe  takes  place,  and  the  red 
fulphat  yields  oxygen  to  filver.  In  the  latter 
cafe  however  the  affinity  of  the  oxyd  of  filver  for 
fulphuric  acid  muft  affiift  in  the  decompofition. 

Muriat  of  filver  is  liable  to  be  formed  when- 
ever filver  remains  for  a length  of  time  in  con- 
taef  with  any  muriatic  fait.  Thus  Prouft 
found  filver  dollars  deeply  corroded  and  partly 
converted  into  muriat,  by  lying  for  many  months 
at  the  bottom  of  the  fea  on  the  coaft  of  Spain. 

The  acetous  acid  has  no  adlion  whatever 
upon  pure  filver,  but  it  combines  eafily  with 
its  oxyd.  Acetite  of  filver  is  readily  formed  by 
adding  aceiite  of  potaffi  to  nitrat  of  filver,  or 
more  fimply  by  boiling  this  acid  on  the  carbon- 
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ated  oxyd  of  filver.  In  this  cafe  the  folution 
very  readily  begins  to  cryftallize  the  moment  it 
cools,  and  forms  long  needled  cryftals,  but  at 
the  fame  time  a part  of  the  fait  is  reduced,  and 
the  mafs  of  cryftals  and  liquor  is  fouled  with  a 
<juantity  of  black  powder  of  reduced  filver,  which 
however  foon  fubfides.  The  clear  acetite  when 
kept  in  a bottle  expofed  to  the  light  is  alfo  partly 
decompofed,  and  the  glafs  foon  becomes  lined 
with  a brilliant  filvery  film.  Acetite  of  filver 
is  of  ufe  in  cliemical  analyfis,  particularly  in 
examining  mixtures  of  the  nitrats  and  muriats, 
where  the  operator  wifhes  to  afcertain  and  fepa- 
rate  the  muriatic  acid  without  adding  any  ex- 
traneous nitric  acid,  which  would  be  the  cafe  if 
the  nitrat  of  filver  were  employed. 

When  filver  is  treated  with  nitrous  acid  and 
alcohol,  a white  powder  is  depofited,  which  ful- 
minates with  extreme  violence,  and  which,  from 
the  analogy  with  the  fulminating  mercury  pro- 
duced in  the  fame  way,  is  probably  an  oxalat  of 
filver.  * This  preparation  w'as  difcovered  by 
Mr.  Howard,  in  his  attempts  to  communicate 
to  other  metals  tlie  fame  fulminating  property 
which  he  had  given  to  mercury,  and  is  prepared 
in  the  fame  manner  as  has  been  defcribed  in  the 
.article  Mercury. 

Mr.  Cruicklhank  in  repeating  this  experiment, 
diflblved  40  grains  of  filver  in  2 ounces  of 
ftrong  nitrous  acid  diluted  with  as  much  water, 
and  on  heating  the  folution  with  2 ounces  of 
alcohol,  he  obtained  60  grains  of  a w'hite  powder 
which  fulminated  violently.  Brugnatelli  has 
given  the  following  method  of  preparing  the 
fame.  ^ Put  100  grains  of  lunar  cauftic  in  a 
glafs,  and  pour  on  them  firft  an  ounce  of  alcohol, 
and  then  as  much  concentrated  nitrous  acid. 
The  mixture  grows  hot,  boils,  and  an  ether  is 
vifibly  formed,  which  flies  off  in  vapour.  By 
degrees  the  liquor  becomes  milky  and  is  filled 
with  fmall  white  flocculi.  When  the  liquor 
has  thickened  by  this  precipitation,  add  cold 
diftilled  w'ater  to  fufpend  the  ebullition,  other- 
wife  the  precipitate  would  be  re-dilfolved,  then 
■colleft  the  powder  and  dry  it  with  a very  mode- 
rate heat.  This  is  the  fulminating  filver,  and 
amounts  to  more  than  half  the  weiglit  of  the 
lunar  cauftic  employed. 

One  grain  placed  on  a lighted  coal  detonates 
with  a deafening  report,  if  touched  wdth  the  end 
of  a glafs  tube  dipped  In  fulphuric  acid,  or  with 
the  eledhric  fpark,  fo  that  In  violence  it  greatly 
exceeds  the  fulminating  mercury. 

The  combination  of  oxyd  of  filver  with  am- 
jnonia  is  remarkable  for  affording  the  moft  vio- 


lently detonating  fubftance  yet  known.  Tliis 
v'as  difcovered  by  Berthollet,  and  confidering 
the  multitude  of  experiments  in  which  ammonia 
has  been  employed  along  with  the  fiilts  of  filver, 
it  is  rather  furprizing  that  it  was  not  fooncr 
difcovered  by  fome  ferlous  accident. 

This  fulminating  ammoniacal  oxyd  is  pre- 
pared in  the  following  way,  according  to  Ber- 
thollet the  inventor,  s and  the  diredlions  given 
by  Dr. Higgins;*’  dilfolve  any  quantity  of  filver, 
perfedfly  free  from  copper,  in  as  little  nitric 
acid,  moderately  dilute,  as  is  fufficient,  pour  off 
the  clear  folution  from  any  black  fediment  which 
may  be  left  (and  which  is  commonly  gold)  and 
add  to  it  lime  water  as  long  as  any  conliderable 
precipitate  falls  down.  Edulcorate  this  preci- 
pitate, wdilch  is  a brown  -oxyd  of  filver,  and 
then  lay  it  on  feveral  folds  of  filtering  paper,' 
or  fpread  it  out  on  a fingle  paper  laid  on  a 
fmooth  dry  lump  of  chalk,  and  dry  the  precipi- 
tate thoroughly  in  the  open  air.  Set  this  oxyd 
by  for  ufe  in  a well-corked  phial.  About  i-i'- 
oz.  is  obtained  from  an  ounce  of  fine  filver. 
The  cauftic  fixed  alkalies  may  be  ufed  inftead 
of  the  lime-water,  but  they  do  not  act  with  fo 
much  certainty.  This  oxyd  diflblved  In  ammo- 
nia, forms  the  fulminating  powder.  I’or  this 
purpofe  add  10  or  X2  grains  of  this  oxyd  to 
about  half  an  ounce  in  meafure  of  liquid  am- 
monia, perfectly  cauftic  and  moderately  dilute. 
This  gives  a fnapping  noife,  and  blackens  the 
whole  oxyd  immediately,  and  diflblves  either  a 
portion  of  it  only,  leaving  a black  powder  at 
the  bottom,  or,  if  more  ammonia  is  ufed,  the 
whole  is  diflblved.  Pour  the  clear  folution  off 
from  the  black  powder,  if  any,  and  expofe  it 
in  a fliallow  veffel  to  the  air.  In  ten  or  twelve 
hours  a cryftalline  pellicle  appears  on  the  furface 
of  the  ammoniacal  folution,  which  is  the  ful- 
minating filver,  and  is  compofed  of  a congeries 
of  black  Alining  cryftals.  Take  them  out,  whilft 
ftill  wet,  and  lay  them  In  feparate  parcels  of 
not  more  than  a grain  or  two  on  blotting  paper, 
and  let  them  dry  in  tlie  air,  carefully  avoiding 
to  touch  ;them. 

This  fulminating  powder  has  the  following 
properties ; even  when  ftill  wet  if  it  be  prefled 
upon  with  a hammer  or  any  hard  body,  it  ful- 
minates with  extreme  \iolence,  but  wlien  drv, 
the  touch  of  a flender  wire  or  even  a featiier, 
or  a heat  of  about  96“,  is  fufficient  to  make 
it  explode.  Even  a moderate  conculfiou  of  the 
air  is  fufficient,  fo  that  a heap  may  be  exploded 
by  the  concuffion  of  any  other  in  its  imme- 
diate neighbourhood.  Sometimes  too  it  wili 


• Phil.  Trans,  for  1800.  p.  s8j.  ^ Phil.  Joum.  8vo.  vol.vii.  p.  285.  s Bcrtliollet,  Ann.  Chem.  torn 
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go  off  in  the  hand,  when  carrying  from  one 
place  to  another,  fo  that  in  fa£t  when  it  is  once 
dry,  the  operator  fhould  be  prepared  for  the 
explofion  at  any  time,  even  with  the  moft  care- 
ful handling.  A momentary  flafli  is  vifible  at 
the  time.  If  the  ammoniacal  folution  poured 
off  from  the  fulminating  cryftals  is  heated  in  a 
fmall  retort  (which  however  is  a moft  hazardous 
experiment)  bubbles  of  azotic  gas  are  given  out, 
and  fmall  opake  cryftals  with  a metallic  fplen- 
dour  are  formed,  which  fulminate  violently  when 
touched,  even  in  the  midft  of  the  liquor,  and 
the  velTel  burfts  into  an  infinite  number  of  frag- 
ments. When  any  of  this  folution  touches  the 
Ikin  it  blackens  it  for  a time  like  nitrat  of  filver. 
The  fulminating  cryftals  when  dry,  appear  to 
remain  unaltered  for  a confiderable  time,  for 
Fourcroy  relates  that  he  has  feen  them  explode 
with  their  ufual  violence,  after  being  kept  for 
fome  months  undifturbed. 

It  appears  probable  that  there  are  two  or  three 
varieties  of  this  ammoniacal  oxyd  of  filver, 
fuch  as,  the  black  powder  which  fubfides  at 
firft  when  lefs  ammonia  is  added  to  the  oxyd 
of  filver  than  will  diftblve  It,  the  fulminating 
cryftalllne  pellicle  which  firft  feparates  from 
the  folution,  and  the  black  cryftals  which  fepa- 
rate  when  the  folution  is  boiled.  The  firft  of 
thefe,  the  black  powder,  is  ftated  by  Dr.  Hig- 
gins not  to  have  a fulminating  property,  but  the 
precife  nature  of  thefe  compounds  has  been  but 
little  examined. 

It  requires  confiderable  care  to  fucceed  in 
producing-  the  fulminating  filver.  The  meta'l 
fhould  be  quite  free  from  copper,  the  oxyd  pro- 
duced by  lime  fhould  be  thoroughly-  edulco- 
rated, and  efpecially  the  ammonia  fhould  be 
quite  free  from  carbonic  acid.  Carbonat  of 
ammonia  does  Indeed  diffolve  the  oxyd  of  filver 
with  fome  effervefcence,  owing  to  the  efcape  of 
part  of  the  carbonic  acid,  but  with  the  remainder 
a triple  ammoniaco  ca'ibonated  oxyd  of  filver  is 
formed,  which  will  not  fulminate.. 

Several  ferious  accidents  have  happened  In 
preparing  this  fulminating  filver  which  fhew 
the  necelfity  of  great  precaution  in  the  opera- 
tor, and  as  all  the  circumftances  in  -w'hich  the 
explofion  is  produced  are  not  as  yet  known, 
he  fhould  on  no  account  venture  to  prepare 
more  than  a few  grains  at  a tinr>e  of  this  dan- 
gerous compound.  Dr.  Higgins  mixed  toge- 
ther 24  grains  of  the  oxyd  of  filver  with  a 
quarter  of  an  ounce  of  water  faturaied  witfi 
ammoniacal  gas  in  a corked  bottle,  which  pro- 
duced a blue  folution  with  the  expulfion  of 
‘ Tom.  j8,  p.  » 


fome  gas,  and  without  the  formation  of  any 
pellicle,  and  fix  hours  afterwards,  on  fhaking 
the  bottle  to  compleat  the  folution  of  a little 
blackened  oxyd  which  lay  at  the  bottom,  the 
whole  exploded  with  exceflive  violence,  the 
bottle  was  quite  reduced  to  powder,  and  his 
hand  was  numbed  as  if  with  the  blow  of  a 
heavy  hammer.  In  this  cafe  it  appears  probable 
that  this  unexpeifted  explofion  arofe,  partly 
from  ufing  too  concentrated  a folution  of  am- 
monia, too  large  a quantity  of  filver,  and  ef- 
pecially from  fliaklng  the  contents  of  the  bot- 
tle. Another  accident  is  mentioned  in  the 
Journal  de  Phyfique*  where  the  preparation 
feems  to  have  been  conducted  with  perfedb 
prudence  and  accuracy,  and  an  ammoniacal  fo- 
lution was  made,  which  contained  apparently 
about  fiv’e  grains  of  the  fulminating  cryftals^ 
but  on  dipping  a card  into  it  to  take  out  the 
cryftals,  the  whole  exploded  with  exceflive 
violence,  which  had  nearly  deprived  the  opera-- 
tor  of  his  fight.  The  only  difference  from  the 
common  way  of  operating  in  this  cafe  ap- 
peared to  be  that  the  cryftals  were  allowed  to 
remain  in  the  folution  twenty-four  hours  after 
mixture,  inftead  of  being  taken  out  as  foon  as 
they  appeared. 

It  has  been  already  mentioned  that  this  ful- 
minating filver  is  alfo  produced  when  muriat 
of  filver  is  boiled  with  pure  ammonia,  and  ex- 
plodes in  the  aft  of  formation,  and  hence  arifes 
another  precauticui  in  applying  artificial  heat 
to  any  mi.xture  of  ammonia  and  oxyd  of  filver 
free  from  carbonic  gas. 

Silver  is  capable  of  uniting  with  fulphur  in 
various  proportions.  Artificial  fulphuretted 
filver  is  a black  brittle  mafs,  like  the  native  fuU 
phuret.  The  utmoft  proportion  of  fulphur 
capable  of  uniting  with  filver  is  ftated  by 
Wenzeft  to  be  13  of  the  former  to  87  of  the 
metal.  Yet  the  following  experiment  by  the 
late  Mr.  Alehorne,  feems  to  fhew  that  the  fil- 
ver  does  not  eafily  retain  much  more  than  half 
this  quantity  at  a moderate  red  heat.  Half  an 
ounce  (240  grains)  of  filver  precipitated  from 
the  nitrat  by  copper  was  mixed  with  its  own 
weight  of  fulphur,  and  put  into  a crucible  with 
another  inverted  over  it,  and  luted,  leaving  a 
fmall  hole  for  the  efcape  of  the  fuperfluous 
fulphur.  On  applying  a red  heat,  part  of  the 
fulphur  efcaped  and  burned  off  at  the  hole.  The 
fire  was  increafed  to  a degree  which  was 
judged  fufficient  to  melt  the  mafs  within,  and 
kept  up  till  the  blue  flame  difappeared.  When 
cold,  a dark  lead-coloured  brittle  button  was 
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found  In  the  crucible,  which  was  foft  enough 
to  be  cut  with  the  knife,  and  exadly  refembled 
the  vitreous  filver  ore.  The  filver  had  gained 
20  grs.  or  in -weight,  whence  the  proportion 
of  fulphur  in  this  artificial  fulphuret  is  about 
7.7  grains  in  100. 

A fulphuret,  or  rather  a hydro-fulphuret  of 
filver  is  alfo  formed  whenever  this  metal  is 
expofed  to  fulphureous  vapours,  or  any  liquid 
containing  fulphuretted  hydrogen.  After  a 
certain  time  the  fubftance  of  the  metal  is 
deeply  fulphuretted,  and  may  be  detached  in 
brittle  fcales.  But  it  takes  a great  length  of 
time  to  effe£l  this  by  mere  expofure  to  fulphu- 
reous vapours. 

The  fuperficial  tarniflnng  which  filver  plate 
undergoes  when  laid  by  for  fome  time,  or 
more  fuddenly,  when  in  contaft  with  animal 
matters,  is  probably  owing  to  this  change,  but 
it  long  remains  only,  fuperficial. 

The  inftant  precipitation  of  a black  hydro- 
fulphuret  in  all  the  falts  of  filver  produced  by 
the  addition  of  a liquid  fulphuret  or  gafleous 
fulphuretted  hydrogen,  has  been  already  men- 
tioned. 

Silver  unites  with  phofphorus  though  weakly. 
Pelletier*  obtained  this  phofphuret  by  mixing 
in  a crucible  half  ah  ounce  of  filver  in  fine 
divifion,  2 drachms  of  powdered  charcoal,  and 
an  ounce  of  vitrified,  phofphoric  acid,  and  giv- 
ing it  a full  heat  for  half  an  hour.  On  opening 
the  crucible  the  fufion  was  compleat,  and  on 
cooling,  many  luminous  jets  of  phofphorus 
came  from  the  filver  in  the  a£l  of  folidifying. 
The  filver  had  gained  a drachm  in  weight,  had 
loft  its  du£lility,  had  a granular  and  cryftal- 
lized  texture,  and  was  brittle.  It  remained 
white,  and  foft  enough  to  be  cut  by  the  knife. 
When  melted  on  a cupel  the  whole  of  the 
phofphorus  burned  off,  and  the  filver  remained 
pure. 

Some  of  the  alloys  of  fdver  are  important. 
This  metal  will  unite  with  fome  metals  per- 
fe£fiy  and  without  lofing  its  malleabifity;  with 
others  it  forms  a brittle  white  alloy, ^but  with 
others  Lt.refufes  to  unite  except  in  a very  minute 
proportion. 

Silver  mixed  with  gold,  dilutes  its  yellow 
colour  more  or  lefs  according  to  its  quantity."* 
Gold  with  of  filver  is  fenfibly  paler,  and 
the  debafement  of  colour  proceeds  pretty  uni- 
formly as  the  filver  is  increafed.  Thefe  mix- 
tures are  very  malleable  though  fomewhat 
firmer,  harder,  and  more  fonorous  than  either 
xnetal  feparately.  In  this  refpedf,  as  in  the 
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colour,  a little  filver  affecls  gold  more  than  a 
little  gold  does  filver.  On  account  of  the  fu- 
perior  price  andthe  alteration  of  colour,  filver 
is  never  intentionally  alloyed  with  gold,  but  a 
large  portion  of  the  American  filver  naturally 
icontains  a fmail  quantity  of  gold,  which  re- 
mains as  a fine  black  flime  or  fediment  when 
the  filver  is  diffolved  in  aqua  fortis. 

Homberg  mentions  in  the  Memoires  de 
I’Acad.  des  Sciences  for  1713  a curious  expe- 
riment .to  fhew  that  in  certajn  circumftances  a 
reparation  may  take  place  between  thefe  two 
metals.  He  melted  equal  parts  of  gold  and 
filver  in  a crucible  with  a little  fea-falt  and 
nitre  for  a qiuirter  of  an  hour,  and  when  cold, 
the  gold  was  found  ut  the  bottom  In  one  lump, 
but  retaining  about  a fixth  of  filver,  and  above 
was  the  remainder  of  the  filver  in  a feparate 
button  quite  pure.  He  obferves  that  this  ex- 
periment only  fucoeeds  with  nearly  equal 
quantities  of  the  two  metals,  and  with  a fire 
not  too  long  continued.  If  this  be  accurate, 
there  appears  a point  of  faturation  of  one  me- 
tal with  the  other  refpedfively,  but  the  experi- 
ment has  not  been  repe?ited,  nor  does  it  agree 
with  thofe  authors  who  afl'ert  that  the  two 
metals  .produce  an  uniform  alloy  In  any  pro- 
portions. 

The  curious  effeft  produced  on  filver  by  be- 
ing alloyed  with  platina  has  been  already  dc- 
feribed  under  the  article  AJfay^  p.  118,  and 
that  of  Platina. 

Copper  is  the  metal  ufually  employed  to  al- 
loy filver  in  the  vaft  quantity  of  this  metal  ufed 
for  coin  and  plate  of  all  kinds.  The  flandard 
filver  of  this  country  is  compofed  of  eleven 
parts  of  filver  and  one  of  copper.  In  this  pro- 
portion or  even  fomewhat  more  of  the  alloy, 
the  mixture  remains  nearly  as  white  as  pure 
filver,  .but  is  much  harder,  lefs  fufible,  and 
though  it  remains  highly  math  able  and  dudtlle 
fo  as  to  bear  being  extended  Into  any  Ihape, 
and  wrought  in  a thoufand  different  ways,  it  is 
certainly  lefs  du(fli]e  and  malleable  than  a me- 
tal with  lefs  alloy,  fince  fuel;  a finer  metal  i.s 
required  to  be  ufed  in  making  filver  wire  and 
leaf.  On  account  of  the  hardnefs  given  by 
the  copper  alloy  it  is  much  better  fitted  to  take 
a fine  impreffion,  and  is  therefore  particularly 
ufeful  in  coining,  and  in  all  domeflic  imple- 
ments. 

An  alloy  of  thefe  two  metals  has  been  ufed 
In  France  for  coinage  for  many  years,  and 
called  monna'ie  de  billon^  in  which  the  filver  is 
from  to  ^ of  the  mafs,  and  which  look?  like 
^ Lewii's  Commerce  of  Arts. 


2 S 2 


S I L 


SIL 


( 324  ) 


half-whitened  copper,  or  degraded  filver.  Being 
on  the  whole  ap  injudicious  compound  it  is 
moilly  now  laid  aOde.  When  filver  and  copper 
are  in  equal  parts,  the  alloy  is  ftill  very  yellow, 
but  may  be  united  with  about  4 or  5 per  cent,  of 
arfenic,  and  ftill  remain  very  malleable,  with  the 
advantage  of  being  much  whitened  by  the  mix- 
ture. Vauquclin"  has  alfo  found  that  a larger 
dofe  of  arfenic,  does  not  increafe  the  whitenefs, 
but  rapidly  impairs  the  malleability,  and  when 
the  arfenic  amounts  to  10  per  cent,  the  alloy  is 
fo  harfti  and  brittle  as  not  to  bear  laminating. 

Silver  unites  perfedfly  with  lead  apparently 
in  every  proportion,  into  an  uniform  malleable 
mixture,  harder  and  whiter,  and  lefs  fuftble 
than  pure  lead,  in  proportion  to  the  quantity  of 
filver.  This  mixture  is  formed  in  the  procels 
of  Eliquation  (already  deferibed  in  this  article) 
whence  it  appears  that  the  affinity  of  filver  for 
lead  is  fiiperior  to  that  of  filver  for  copper. 
The  neceffity  of  this  alloy  to  the  procefs  of 
cupellation  in  ajfaying  and  in  refining  filver  has 
been  already  mentioned. 

Silver  and  iron  are  generally  reckoned  en- 
tirely to  refufe  to  unite  in  any  proportions,  and 
it  is  certain  that  when  they  are  melted  together, 
they  form,  on  cooling,  two  perfeftly  diftinft 
and  feparable  buttons,  the  iron  at  top,  and  the 
filver  beneath  it.  Yet  a certain  degree  of  alloy- 
ing takes  place  as  is  proved  by  the  following 
curious  experiment  of  Guyton  on  this  fubjefb.* 
In  a crucible  lined  w'ith  charcoal,  1 5 parts  of 
pure  filver,  reduced  from  lima  cornea,  were 
inixcHl  with  as  much  fine  iron  filings,  and  a 
flux  cempofed  of  glals,  charcoal  dull,  and  a 
little  borax.  This  was  kept  for  an  hour  in  a 
heat  of  150°  to  155^  IVedgewood,  and  on  cool- 
ing, a button  was  found  with  fome  traces  of 
(.ryftallization  on  the  furface,  but  which  fepa- 
rated  moft  accurately  into  two  buttons  of  very 
difi'erent  compofitibn.  A part  of  the  lower  but- 
ton, diffblved  in  nitric  acid,  gave  only  a white 
precipitate,  and  not  a blue  one,  with  pruffiat 
of  potalli,  and  appeared  to  be  perfectly  pure 
lilver,  but  the  metal  was  found  to  be  pretty 
llrongly  magnetical,  and  therefore  contained  a 
very  Iniall  portion  of  iron,  . winch  was  efti- 
inatod  by  Coulomb  to  be  about  -tItt-  The  up- 
per button,  which  appeared  to  be  pure  iron, 
was  cxcellively  hard,  very  difficultly  frangi- 
ble, and  when  diffblved  in  nitric  acid  gave  a 
copious  precipitate  of  lima  cornea  with  fait, 
tile  quantity  of  which  indicated  an  alloy  of 
about  of  filver. 

Silver  unites  with  bifmuth,  zinc,  antimony, 

* An.  Cliiin.  tom.  39,  p.  265. 


and  fome  other  of  the  brittle  metals,  forming 
brittle  alloys  which  have  not  been  much  exa- 
amlned,  and  are  of  little  importance. 

The  affinities  of  the  oxyd  of  filver  for  the 
different  acids  are  in  the  following  order : the 
muriatic,  oxalic,  fulphuric,  phofphoric,  nitric, 
arfenic,  fluoric,  tartareous,  citric,  acetic,  and 
carbonic. 

SILVERING,  the  Art  of. 

This  art  confifts  in  covering  the  furface  of 
fubftances  with  a thin  coating  of  filver.  There 
are  two  motives  for  this;  in  the  firft  place, 
the  fuperior  beauty  of  filver  to  that  of  the 
cheaper  metals;  and  in  the  fecond  place  its 
fuperior  wholefomenefs  to  copper,  brafs,  or 
lead,  for  culinary  purpofes  on  account  of  its 
not  being  a6Ied  upon  by  vinegar  and  other 
weak  acids. 

As  an  ornament,  filver  is  far  inferior  to  gold, 
from  its  great  liability  to  be  blackened  by  ful- 
phureous  vapours,  which  renders  frequent 
cleaning  abfolutely  neceffiiry ; hence  it  is  inap- 
plicable to  the  purpofe  of  archite£Iural  decora- 
tion, and  is  fcarcely  ever  applied  except  to 
utenfils  and  ornaments  of  metal.  From  the 
frequent  neceffity  of  fri£Hon-  for  the  purpofe 
of  removing  the  tarnifh  of  filver  it  is  neceffary 
that  it  fliould  be  much  thicker  than  the  moft 
folid  gilding,  otherwife,  after  a fliort  time,  the 
filver  vdll  be  worn  off  the  moft  prominent 
parts,  difeovering  to  view  the  copper  or  brafs 
beneath. 

The  only  metals  that  are  filvered  are  copper, 
brafs,  and  very  rarely  iron. 

There  are  three  modes  of  filvering,  namely, 
by  filver  amalgam,  by  muriated  filver,  and  by 
filver  In  fubftance. 

I..  Silvering  by  amalgamation  is  thus  per- 
formed: 

To  a folutioft  of  nitrated  filver  add  fome 
plates  of  copper  which  will  throw  down  the 
filver  in  Its  metallic  ftate,  and  very  finely  di- 
vided; ferape  it  from  the  furface  of  the  copper, 
wafli  it  well  and  dry  it.  Of  this  powder  take- 
half  an  ounce,  of  common  fait  and  fal  ammo- 
niac 2 ounces,  and  of  corrofive  fubllmate  one 
drachm,  rub  them  well  together,  and  make 
them  into  a pafte  with  a little  water.  Then 
take  the  veffel  to  be  filvered,  and  clean  it  by 
means  of  a little  very  dilute  aquafortis,  or  by 
fcouring  it  with  a mixture  of  common  fait  and 
tartar.  When  it  is  perfedlly  clean,  rub  it  with, 
tlie  above-mentioned  pafte  till  it  is  entirely 
covered  with  a v.ffiite  metallic  coating ; this 
coating  is  an  amalgam  produced  by  the  tie- 

• Ibid.  tom.  43. 
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compcfition  of  the  coiTofive  fublimate  by 
means  of  the  copper,  to  the  furface  of  which  it 
applies  very  clol'ely  and  expeditioufly.  The 
copper  being  thus  filvered  over  is  to  be  waflied, 
dried,  and  afterwards  heated  nearly  red,  in 
order  to  drive  off  the  mercury  •,  the  filver  re- 
mains behind  adhering  firmly  to  the  copper,  and 
capable  of  being  highly  poliflied. 

2.  Silverbig  by  lima  cornea. 

Prepare  the  luna  cornea  in  the  ufual  manner 
by  pouring  a folution  of  common  fait  into  ni- 
trat  of  filver  as  long  as  any  precipitation  takes 
place,  and  boiling  the  mixture  j the  white 
curdy  matter  thus  obtained  is  to  be  mixed  with 
three  parts  of  good  pearl-afh,  one  part  of 
wafiied  whiting,  and  fomewhat  more  than  one 
part  of  common  fait.  The  furface  of  the  brafs 
being  cleared  from  fcratches  is  to  be  rubbed 
with  a piece  of  old  hat  and  rotten  ftone  to  re- 
move any  greafe,  and  then  is  to  be  moiftened 
with  fait  and  water,  a little  of  the  compofition 
being  now  rubbed  on  with  the  finger,  the  fur- 
face of  the  metal  will  prefently  be  covered  with 
filver.  Then  wafli  it  well,  rub  it  dry  with  foft 
rag,  and  as  the  coat  of  filver  is  extremely  thin, 
cover  it  wdth  tranfparent  varnifh  to  preferve  it 
from  tarnifh.  This  kind  of  filvering  is  very 
imperfect,  and  is  only  ufed  for  the  faces  of 
clocks,  tlie  fcales  of  barometers,  and  fimilar 
objedfs. 

3.  Silvering  by  Silver  in  Subjlance. 

There  are  three  ways  of  performing  this. 
The  firft  is  by  mixing  together  20  grs.  of  filver 
precipitated  by  copper,  2 drachms  of  tartar,  2 
drachms  of  common  ;falt,  and  | a drachm  of 
alum;  this  compofition  being  rubbed  on  a per- 
fectly clean  furface  of  copper  or  bvafs,  will 
cover  it  with  a thin  coating  of  filver,  wdiich 
may  afterw'ards  be  poliflied  wdth  a piece  of  foft 
leather. 

A {till  better  way  is  that  which  Is  called 
French  plating,  which  confifts  in  burnlfhlng 
down  upon  the  furface  of  the  copper  fucceflive 
layers  of  leaf-filver  to  any  required  thicknefs. 
In  this  the  filver  has  much  more  folidlty  than 
in  any  of  the  former,  but  the  procefs  is  tedious, 
and  the  jundtures  of  the  leaves  of  filver  cannot 
always  be  entirely  concealed. 

The  Englifli  method  of  plating  (in  thofe 
works  to  which  it  is  applicable)  appears  to  be 
the  bell  {of  all.  It  is  thus  performed:  one  of 
the  furfaces  of  an  ingot  of  copper  is  rendered 
quite  fmooth  and  clean,  and  is  fprinkled  over 
with  glafs  of  borax;  upon  this  is  laid  a plate  of 
fine  filver,  about  of  the  w'eight  of  the  copper 
and  the  two_are  carefully- bound  together  by 


w'ire;i  the  mafs  is  now  expofed  to  a full  red' 
heat  which  melts  the  borax  and  caufes  the  fil- 
ver  to  adhere  to  the  copper ; the  ingot  is  now 
pafled  through  a rolling  prefs,  and  formed  into 
a plate ; both  the  filver  and  copper  extending 
uniformly  during  the  whole  procefs,  at  the 
conclufion  of  which  the  two  metals  .are  Infe- 
parably  fixed  to  each  other. 

SINOPLE.  See  Jasper, 

. SIZE.  See  Gelatin. 

SKIN.  For  the  preparation  of  the  fkin  of 
animals  for  the  purpofes  of  manufadlure,  fee 
the  article  Leather. 

SLAG.  Is  a technical  term  ufed  among 
fmelters  and  workers  in  minerals,  to  exprefs 
any  hard  vitrefeent  generally  coloured  and 
opake  mafs;  produced  by  the  fufion  of  any 
ftony  or  metallic  mixture.  It  generally  confifts 
of  the  gangue  or  matrix  of  the  ore,  together 
w'ith  any  faline  or  earthy  flux  that  may  have 
been  ufed.  Thus  the  Jlag  of  iron  founderies  is 
for  the  moft  part  compofed  of  the  earthy  part 
of  the  ore,  of  the  lime  ufed  as  a flux,  and  the 
whole  deeply  coloured  with  a part  of  the  oxyd 
of  iron  which  has  efcaped  redudflon.  A jlag 
differs  from  a fcoria  in  being  more  denfe  and 
more  compleatly  vltrefied,  whereas  the  fcoria 
or  drofs  is  lighter  and  porous.  When  the  flag 
is  very  opake  and  heavy,  it  contains  a confider- 
ble  quantity  of  metallic  oxyd  fo  that  in  im- 
proved fmelting  works  it  Is  often  worth  while 
to  work  over  again  with  frefti  reducing  matter 
the  flags  of  former  operations  conduced  lefs 
flcilfully.  In  fome  parts  the  flag  of  founderies 
is  broken  into  lumps,  and  ufed  for  mending 
roads,  for  which  it  makes  an  excellent  material 
when  a little  worn  down,  being  very  hard,  and 
impenetrable  by  water. 

SLATE.  See  Thonscbieeer. 

SMALT.  See  Cobalt. 

SMARAGD.  See  Emerald. 

SMELTING,  Schmeltxung,  Germ.  Is  the 
redu£l:ion  of  metallic  ores  and  fufion  of  metals 
in  the  large  way. 

SOAP.  Seifey  Germ.  Savon,  Fr. 

A foap  may  perhaps  be  defined  to  be  a che- 
mical union  of  any  oily  with  any  faline  matter 
whereby  the  oil  acquires  a folubility  in  menftrua 
with  which  it  naturally  refufes  to  unite. 

In  this  extended  fenfe  many  compounds  are 
called  japonareous  or  foapy  which  are  natural  or 
artificial  mixtures  pf  the  faline  and  the  oily  or 
refinous ; thus  bile  is  termed  a faponaceous 
fluid  becaufe  it  contains  a natural  refin  and  an 
alkali  in  intimate  union,  and  mifcible  to  any 
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■extent  witli  water.  Adipocire  llkewlfe  is  a fapo-  . made,  as  to  the  oil,  principally  of  tallow  and 
.naceous  fubftance,. being  diffufible  in,  water,  and  .any  other  candle  or  kitchen  greafe,  and  as  to 
to  a certain  degree  foluble  in  it  by  means  of  the  the  alkali,  of  potafli,  pearlafli,  and  other  kinds 
ammonia  united  to  the  oily  matter.  , Milk  on  of  the  .vegetable  alkali,  with  or  without  a 
the  other  hand,  is  pot  fapopaceous,  though  it  .mixture  of  barilla,  according  to  the  price  of  the 
contains, an  oil  dbfufed  in  a watery /erum,  as  latter;  and'On  account  of  the  peculiar  ufe  of 
the  intermede  by  which  this  is  effedted  is  (to  pommon  fait  in.moft  of  them,  the  procefs  is 
all  appearance)  not  faiine,  but  albuminous  and  fomewhat  more  complicated.  The  ordinary 
infipid.  yc'l/ow  foap  alfo  differs  from  the  iv/jite,  in  con- 

But  the  term  fo^rp  is  in  common  language  taining  a portion  of  rolln,,  and  ^fometimes  alfo 
reftridled  to  that  combination  of  oil  with  alkali  is  feented  with  palm  oil. 

.which  is  extenfively  ufed  for  domeftic  and  We  fl.iall  firfl  deferibe.  the  method  of  making 
manufa£turing  purpofes.  the  white  olive  oil  foap,  which  wkh.fome  little 

The  materials  ufed  in  foap,  making  are,  oil  variations  is  pradbifed  at  Marfeilles,  -nnH  other 
of  any  kind,  vegetable  or  animal,  and  fixed  parts  of  France. 

alk-a?li,  ^ther  foda  or  potafh.  T^hefe  (that  is.  To  make  about  looo  lbs.  of  this  foap -the 
oil  and  alkali,)  enter  into  the  oompofition  of  materials  requifite  are  500  lbs.  of  good  barilla, 
every  foap,  and  befides,  lime  is  eflential  to  give  600  lbs.  of  .olive  oil,  (of  which  the  inferior 
the  alkali  the  requifite  degree  of  cauflicity : forts  are  ufed,  and  anfwer  full  as  well)  and  100 
common  fait  is  alfo  employed  in  moft  of  the  lbs.  of  quicklime.  The  barilla  being  firfl; 
potafh-foaps,  for  a purpofe  which  will  be  after-  broken  down  in  a milbto  a.  coarfe  powder,  and 
wards  mentioned.  the  lime  flacked  with  a little  water  .and  fifted, 

The  general  procefs  for  foap-making  is  on  they  are  Itirred  together  and  put  into  a vat  with 
the  whole  very  fimple,  and  confifts,  firfl  in  a perforated  bottom,  and  covered'a  few  inches 
making  a cauflic  or  partly  cauflic  ley  with  the  with  water,  to  extradf  the  alkali.  In  two  or 
alkali  and  lime;  next  of  boiling  the  ley  with  the  three  days  the  flop-cock  at  the  bottom  of  the 
oil -till  they  are  perfe£lly  united  into  a fmeoth  vat  is  opened,  and  a clear,  nearly  cauflic,  flrong 
iiniform  foap;  and  laflly  of  drying  the  foap  till  ley  of  foda  is  drawn-off.  It  fliould  be  fo  much 
it  is  become  of  a proper  confiftence  for  ufe.  concentrated  that  a frefli  egg  will  fwim  in  it, 
But  though  'the  general  procefs  is  fimple,  and  and  is  about  of  that  fpecific  gravity  that  eleven 
fuccefs  to  a certain  degree  may  be  infured  by  drams  of  it  in  weight  will  only  fill  a bottle 
any  one  who  puts  the  proper  ingredients  to-  which  would  .contain  an  ounce  or  eight  drams 
gether  in  the  plainefl  manner,  there  are  a of  water.  When  all  this  ley  r is  drawn  off,  the 
confiderable  number  of  precautions  and  many  cock  is  turned,  frefh  water  is  poured  on  the 
minute  attentions  required  to  make  the  befl  and  materials,  and  after  ftanding  for  fome  hours 
moft  perfect:  article  with  the  greateft  economy,  the  ley  is  drawn  off  as.beforc.  This  fecond  ley 
Moft  of  thefe  are  only  to  be  learnt  by  praftical  is  ftill  very  alkaline,  but  much  weaker  than  the 
experience,  but.it  will  be  proper -in  this  place  firfl.  A third  ley  is  generally  prepared  in  the 
to  enlarge  upon  the  different  fteps  and  varieties  fame  way,  which  is  ftill  weaker.  ,The  materials, 
■of  this,  very  important  manufifture.  which  are  now  exhaufted  of  their  alkali  and 

The  fimpleit,  and  on  the  whole  the  moft  confift  of  carbonat  of  lime  with  the  impurities 
beautiful  foap,  is  the  fine  white  foap  prepared  of  the  barilla,  are  ufed  as  manure, 
from  olive  oil  and  foda,  extra£led  from  the  befl  The  oil  is  then  poured  into  the  boiler  (which 
•barilla,  which  is  manufaflured  very  largely  in  is  a large  copper  veffel,  fet  in  brick  work,  and 
the  countries  where  the  olive  grows,  efpecially  heated  hy  a furnace  under  its  bottom;  and  with 
in  the  South  (f^or  which  Marfeilles  it  the  third  or  weakell  ley,  and  the  fire  is 

is  the  moll  celebrated)  in  fome  parts  pf  Italy,  kiudled  and  raifed  till  the  liquor  begins  to  boil, 
and  in  Tripoli,  which  la/l  is  often  of  excellent  The  materials  are  conftantly  llirred  to  haflen  the 
quality  and  cheap,  ,2nd  is  largely  imported  into  union  between  the  oil  and  the  alkali,  and  the  reft 
various  parts  of  Europe.  A fiml]ar,  but  more  of  the  third  and  the  fecond  leys  are  added 
^xpenfive  foap  is  made  of  foda  and  oil  of  al-  gradUfiUj.  As  foon  as  the  liquor  in  the  boiler 
monds,  for  medicinal  purpofes.  What  is  called  begins  to  get  hot  it  turns  milky,  and  after  fome 
in  this  country  Winc(f{ir  foap  is  of  this  kind,  hours  boiling,  wfll  be  found  to  become  more 
■with  either  of  the  above  mentioned  oils.  tenacious  and  thicker.  Then  a fmall  portion  of 

But  the  common  foaps  ufed  in  England  are  the  firfl  or  ftrongeft  ley  is  thrown  in,  and  this 

. ^ Mcmoircs  da  rcUeticr.  Eocyd,  Ani.aiid  Metier^;  article  Saven^  * Seaume  Elemensdc  Pharmacic. 
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addition  Is  continued  at  intervals  during  the 
boiling  till  the  greater  part  of  it  is  ufed,  but  feme 
muft  be  referved  to  finilh  the  operation.  The 
liquor  becomes  more  and  more  tenacious,  and 
the  tough  faponaceous  part  begins  to  feparate 
from  the  clear  watery  liquid  below.  This  is  a 
fign  that  the  procefs  is  going  on  well,  and  the 
boiling  is  continued  till  the  whole  contents  of 
the  copper  are  vifibly  feparated  into  two  parts, 
the  tenacious  white  foapy  mafs  above,  and  the 
clear  liquor  below.  When  this  is  compleat," 
fometimes  it  is  the  cuftom  to  ftir  in  with  poles  a 
few  pounds  of  common  fait,  which  ftill  further 
promotes  this  feparatien,  and  gives  the  foapy 
mafs  a pally  or  granular  confiltence:  but  this 
addition  ( which  is  elTential  in  the  potalh  foaps) 
is  not  neceflary  in  thofe  with  foda,  and  may  be 
omitted.  The  fire  is  then  drawn,  and  the 
contents  of  the  boiler  allowed  to  remain  at  reft 
for  fome  hours  that  the  foap  may  colle6l  more 
compleatly,  after  which  a cock  is  opened  at 
the  bottom-of  the;  boiler,  and  the  clear  liquor 
drawn  off.  This  latter  is  coloured  and  is  now> 
no  longer  cauftic,  but  as  it  ftill  contains  fome 
alkali,  it  is  mixed  with  the  weaker  leys  and 
frelh  lime,  and  referved  for  future  boilings. 
To  the  ftiff  foapy  pafte  left  in  the  boiler  a little 
water  or  weak  ley  is  then  added,  and  the  fire 
lit  again,  and  when  it  has  become  fluid  the 
referved  part  of  the  firft  ley  is  added,  and  the 
whole  brought  to  boiling.  The  foap  being  now 
nearly  perfetft,  fmall  portions  of  it  are  taken  out 
with  a trowel  and  fet  to  cool  on  a bit  of  flate, 
and  by  the  degree  of  ftiffhefs  which  it  takes 
M’hen  cold  the  experienced  workman  judges 
when  it  is  boiled  enough.  If  it  ftill  flicks  to 
the  fingers  and  does  not  appear  ftiff  enough, 
more  ley  muft  be  added,  and  the  boiling  con- 
tinued till  it  is  brought  to  the  proper  ftate. 
The  fire  is  then  again  taken  out  and  the  clear 
liquor  drawn  off  as  before  after  remaining  at 
reft  for  a few  hours.  The  fire  is  then  again 
raifed,  and  the  foap  is  again  melted  with  a 
little  water  to  wafh  out  the  adhering  alkali, 
after  which  it  is  allowed  to  cool  till  it  is  fit 
to  be  taken  out  and  framed.  The  frames  are 
wooden  troughs  with  a moveable  bottom,  into 
which  the  foap  is  poured  while  ftill  fluid,  and 
allowed  to  remain  for  three  or  four  days  till  it 
is  ftiff  enough  to  be  handled  without  finking^in. 
The  foap  is  then  taken  out  and  cut  into  long 
oblong  flices  with  a brafs  wire,  and  kept  for 
fome  time  in  an  airy  room  till  it  has  become  of 
the  requifite  hardnefs,  and  is  then  fit  for  fale. 
According  to  the  valuable  memoirs  on  this 


fubjetfl  by  Pelletier,  Darcet,  and  Lefievre^- 
above  quoted,  3 lbs.  of  oil  will  make  5 lbs.  of 
foap  of  the  proper  degree  of  drynefs  for  ufe,. 
but  it  continues  to  lofe  weight  by  keeping,  fo 
that  when  quite  dry  the  above  quantity  is 
reduced  to  little  more  than  4 lbs.  On  the 
other  hand  when  kept  damp  or  ufed  too  foon,. 
more  than  twice  this  weight  may  be  made  of 
the  fame  materials. 

Such  is  the  ufual  way  of  making  this  kind  of  • 
ferap,  v/hich  confifts  of  a gradual  incorporation 
of  the  oil  with  the  alkali  by  the  affillance  of 
heat,'  beginning  with  a weaker  ley  and  con- 
cluding with  the  ftronger.  It  is  faid  however  that 
fome  of  the  Marfeilles  manufaflurerS  ufe  the 
whole  alkali  at  once,  and  fucceed  very  well  in  this 
. way ; nor  is  it  eafy  to  fay  why  this  graduated 
ftrength  of  alkali  and  thefe  repeated  interruptions 
of  the  procefs  during  the  coolings  and  fettlings 
are  required,  and  why  it  might  not  all  be  made 
economically  by  one  continued  boiling.  Never- 
thelefs,  the  interrupted  method  feems  to  be  that 
which  is  by  much  the  moft  commonly  ufed,  and 
probably  experience  would  prove  its  utility  in 
the  large  way. 

It  is  not  effentlal  to  employ  heat  in  producing 
a good  foap,  for  the  union  between  the  oil  and 
alkali  will  be  perfe£l  by  a fufficient  length  of 
time  of  digeftion  if  the  ley  be  ftrong  enough. 
Thus  a very  pure  foap  is  fometimes  made  for 
medicinal  purpofes  in  the  following  way;'**"mix 
In  a marble  mortar  or  any  veffel  not  metallic, 
any  quantity  of  olive  oil  with  half  its  weight  of 
a ftrong  ley  of  cauftic  foda.  The  oil  fhould  be 
previoufly  melted  in  cafe  it  has  become  clotted- 
by  rtge.  Stir  them  well  together  and  they  will 
immediately  unite  into  a thick  white  mafs,  and 
continue  the  ftirring  for  fome  minutes  feveral 
times  a day  for  about  a week,  or  till  the  foap  Is 
ftiff  enough  to  be  put  into  wooden  frames  in 
the  ufual  way.  Let  it  remain  in  the  frames  for 
three  or  four  days  till  It  has  confiderably  hard- 
ened, and  then  cut  It  In  flices  and  expofe  it  to  a 
free  current  of  air  in  a dry  room  till  it  is 
compleat.  This  foap  has  at  firft  a very  ftrong 
lixivial  fmell,  and  a violently  acrid  tafte,  both 
of  which  go  off  by  expofure  to  tlie  air,  but  it 
takes  nearly  a month  before  the  tafte  is  mHd 
or  merely  faponaceous. 

Before  we  deferibe  the  manufa£lure  of  the 
other  kinds  of  foap  we  may  give  in  a few  words 
the  refults  of  a feries  of  valuable,  and  apparent- 
ly accurate,  comparative  experiments  on  the 
foaps  made  with  foda  and  a variety  of  oilv, 
fubllances,  which  were  undertaken  by  Pelletier 
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and  his  colleagues.  The  quantity  of  the  oily 
•fubftance  in  each  inftance  was  3 lbs.  and  the 
method  purfued  was  nearly  that  which  has  been 
defcribed  as  followed  in  the  large  way. 

Olive  Oil.  3 lbs.  (avoirdupois)  of  this  oil 
produced  5 lbs.  of  pure  white  Ibap  in  that  ftate 
of  drynefs  as  to  be  fit  for  fale.  After  keeping 
for  two  months  it  .Joft  an  ounce  more  in  weight, 
and  was  then  quite  dry,  hard,  and  of  an  agree- 
able fmell. 

Oil  of  Almonds..  3 lbs.  of  this  oil  gave  an 
excellent  foap  in  every  refpeft  equal  to  the 
former,  but  after  two  months  weighing  only 
4\  lbs. 

Suet.  The  animal  fats  are  much  lefs  -ufed  in 
France  for  foap-making  than  in  this  country, 
but  the  foap  which  they  give  is  in  every  refpebt 
as  good  as  that  from  olive  oil.  The  precaution 
ufed  in  oil  foap-making  of  employing  the  weaker 
ley  at  firft,  and  gradually  proceeding  to  the 
ftronger^  was  not  found  neceflary  in  this  cafe. 

3 lbs.  of  fuel  gave  5 lbs.,  of  perfeftly  hard  foap 
after  keeping  for  three  months  and  a half  in  a 
.dry  place. 

Lard.  3 lbs.  of  lard  gave  4 lbs.  14  oz.  of  dry 
hard  foap  after  keeping  for  three  months.  In 
this  and  the  former  experiment  the  fpent  ley 
which  feparated  from  the  foap,  contained  a 
quantity  of  animal  gelatine. 

Rancid  Butter.  A quantity  of  dale  fait 
butter  was  boiled  with  water  to  extraff  the  fait, 
after  which  3 lbs.  of  it  were  weighed  out  and 
treated  with  foda  in  the  ufual  maimer.  From 
the  above  quantity  a white  foap  was  obtained 
with  eafe,  which  the  day  after  it  was  made 
weighed  ii  lbs.  and  ftill  retained  fome  of  the 
bad  fmell  of  the  butter,  and  on  keeping  for  two 
months  it  dill  weighed  7 lbs. 

Horfe  Oil.  A good  deal  of  greafe  is  pre- 
.pared  near  Paris  from  horfe  flefli,  by  boiling. 
Of  this,  3 lbs.  gave  5 lbs.  of  good  hard  foap 
without  any  unpleafant  fmell,  after  keeping  for 
two  months. 

Colefeed  Oil.  Colefeed,  hempfeed,  linfeed, 
rape,  and  many  other  common  vegetable  oils 
have  a drong  unpleafant  fmell  and  tade,  fo  as 
not  to  be  ufed  in  food,  but  they  are  employed 
largely  in  the  date  of  oil  for  feveral  purpofes  of 
manufafture.  In  general  they  are  not  much 
^ ufed  for  the  hard  foaps  with  foda,  but  a good 
.deal  of  foft  foap  is  made  of  them  in  Flanders 
and  Holland,  with  pearl-afhes,  as  will  be  pre- 
fently  mentioned.  In  the  above  experiments 
they  gave  the  following  refuks. 

3 lbs.  of  colefeed  oil  treated  as  above  with  foda 
gave  on  coming  out  of  the  frame,  only  5 lbs.  of 


foap,  which  was  yellowifli  grey,  and  dill  finelled 
drongly  of  the  oil.  On  keeping  for  three 
months  it  was  reduced  to  3 lbs.  12  oz.  and  was 
tolerably  hard,  but  by  no  means  equal  in  this 
refpeft  to  olive  oil,  kept  the  fame  length  of  time. 

Rape  Oil.  3 lbs.  of  this  oil  gave  alfo  a 
yellowifli  grey  foap,  which  after  keeping  for 
three  months  gave  lbs.  of  a good  foap, 
fufficiently  hard. 

Becch-maf  Oil.  3 Ibs.  of  this  oil  gave  a grey 
drong  fmelling  foap,  which  after  three  months, 
weighed  4 lbs.  10  oz.  and  was  dill  pady,  and 
duck  to  the  fingers.  This  oil  therefore  can 
only  be  ufed  in  mixture  with  others  that  give  a 
harder  foap. 

Hemp-feed  Oil.  This  is  one  of  the  mod 
valued  oils  for  the  foft  foaps,  but  will  not  an- 
fwer  for  the  hard.  3 lbs.  gave  after  due  boiling, 
a green  foft  faponaceous  mafs,  which  became 
pady  on  any  addition  of  water.  After  two 
months  it  weighed  4\  lbs.  and  hardened  a little, 
but  not  fufficiently  to  be  ufed  in  common 
waffiing. 

Linfeed  Oil.  3 lbs.  of  this  gave  5 lbs.  of  foap 
on  coming  out  of  the  frames,  which  was  greafy, 
pady,  and  adhefive,  with  a very  drong  fmell,  and 
foftened  fpeedily  on  any  addition  of  water.  In 
two  months  it  lod  half  a pound  of  its  weight, 
but  remained  pady  and  adhefive. 

Whale  Oil.  This,  and  other  kinds  of  fiffi  oil, 
unites  fufficiently  well  with  foda,  and  forms  a 
deep  red-brown  foap  of  tolerably  hard  con- 
fidence; but  this  foap  has  the  inconveniences 
of  long  retaining  the  offenfive  fmell  of  the  oil, 
and  being  too  readily  foftened  by  water,  which 
unfit  it  for  domedic  purpofes,  though  it  may 
be  ufed  in  bleacheries,  &c.  where  the  fmell 
may  be  diffipated  by  long  exnofure  to  air.  3 
lbs.  of  this  oil  gave  4I  lbs.  of  foap,  after  keep- 
ing for  two  months.  Ling  and  feal  oil  foap 
have  nearly  the  fame  properties  and  incon- 
veniences. 

All  the  above  experiments  were  repeated 
with  the  crydallized  carbonat  of  foda  indead 
of  the  barilla  of  commerce,  which  was  em- 
ployed in  the  fird  fet  of  experiments,  and  the 
refpedlive  refults  fo  nearly  agreed  with  tlie 
former  that.a  particular  enumeration  of  them  is 
needlefs.  In  thefe  latter  3 lbs.. of  carbonat  of 
foda,  rendered  caudic  by  i lb.  of  lime,  were 
ufed  for  3 lbs.  of  the  oil;  but  in  manufadluring 
in  the  large  way  the  experimenters  conceive 
that  80  parts  of  the  alkali  would  be  fufficient 
for  TOO  of  the  oil. 

The  olive  oil,  hlarfeilles,  and  other  foaps 
are  fometimes  artificially  marbled  or  dreaked 
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throughout  their  whole  fub (lance  with  red  or 
blue  veins.  This  foap  is  harder  than  the  white 
foap  of  -the  fame  materials  becaul'e  it  requires 
to  be  dried  to  a greater  degree  to  take  the  mar- 
bling. This  is  performed  by  adding  to  the 
foap,  as  foon  as  it  is  compleatly  made  and  fe- 
parated  from  the  fpent  ley,  a frefli  quantity  of 
ley  and  immediately  after  a folution  of  fulphat 
of  iron.  A decompofition  between  the  two 
takes  place,  and  a black  oxyd  of  iron  is  fepa- 
rated  which  is  entangled  within  the  liquid 
foap.  The  boiler  is  then  cooled,  and  the  ley 
which  fettles  is  drawn  off,  after  which  the  foap 
is  again  melted.  A workman  then  (lands  over 
the  boiler  and  (lirs  the  foap  with  a wooden  in- 
flrument  whilft  another  throws  in  at  intervals  a 
quantity  of  colocothar  or  brown  red  oxyd  of 
iron,  ground  up  with  water  into  an  uniform 
liquid.  This  difufes  both  the  oxyds  through 
the  foap,  which  is  then  cooled  and  framed. 
There  appears  to  be  feme  manual  dexterity 
required  in  (lirring  thefe  ingredients  together, 
fo  as  to  dilFufe  the  marbling  fufficiently  through 
the.mafs  without  mixing  it  compleatly. 

All  tire  foaps  which  we  have  hitherto  men- 
tioned are  made  with  foda  in  one  form  or 
other,  which  alkali  appears  too  to  have  been  of 
the  mod  antient  ufe  in  foap -making ; but  there 
is  another  fpecies  in  which  the  foie  alkali  is  the 
vegetable  in  the  form  of  pearl-a(h,  pot-afhes, 
wood-allies,  and  the  like,  and  in  which  no 
common  fait  is  employed.  Thefe  pota(h  foaps 
differ  eiTentially  from  the  others  in  remaining 
always  foft  and  pady  however  long  they  are 
kept.  On  this  account  they  are  not  employed 
in  common  domedic  ufes,  but  are  chiefly  ufed 
in  fcouring  wool  and  other  purpofes  of  manu- 
fadlure.  However  as  they  are  perfect  foaps, 
and  entirely  foluble  in  water,  they  may  be  par- 
tially employed  in  rendering  water  foapy  for 
any  purpofe  of  cleandng. 

Soft  foap  is  always  coloured,  generally  of  a 
brown  or  deep  green,  which  however  only  de- 
pends on  the  nature  of  the  oil  ufed,  for  with 
olive  oil  it  is  white.  It  is  much  dronger  and 
more  acrid  than  the  hard  foaps,  but  in  other 
refpe£ls  it  has  the  fame  chemical  properties. 
The  confidence  (hould  be  that  of  a tenacious 
pade  or  glue  even  in  the  hotted  fummer,  and 
it  (hould  melt  readily  in  water  fornniing  a white 
and  light  froth.  The  mode  of  manufa£lure  of 
this  foap  differs  in  this  effentlal  particular  from 
the  other,  that  no  feparation  takes  place  be- 
tween the  foap  and  the  fpent  ley  as  in  the  foda 


foaps,  but  the  whole  contents  of  the  boiler  after 
fudicient  boiling  and  evaporation  are  converted 
into  foap ; neither  is  there  any  of  the  procefs 
of  framing  and  drying.  A good  deal  of  prac- 
tical skill  alfo  (more  than  can  be  learnt  from 
books)  feems  to  be  required  in  producing  the 
proper  union  between  the  oil  and  alkali,  and 
the  procefs  appears  liable  to  fudden  and  often 
unaccountable  failures,  from  the  rcfufal  of  the 
materials  to  unite  with  fufficient  intimacy,  or 
from  their  difunion  after  having  already  com- 
bined. 

I'he  manufa£lure  of  the  bed  foft  foap  in 
Flanders  and  Picardy  is  thus  deferibed.'  The 
oils  ufed  in  thefe  works  are  linfeed,  hemp, 
poppy,  colefeed,  and  rape.  Of  thefe  the  two 
laft  are  the  cheaped  and  lead  edeemed.  Fiflt 
oil  alfo  anfwers  perfe£lly  well,  but  the  offenfive 
fmell  of  the  foap  made  from  it  is  fo  permanent 
that  its  ufe  is  forbidden.  The  alkali  is  gene- 
rally Dantzic,  or  Rulfian  pearl-afli  •which  is 
mixed  with  lime  and  lixiviated,  till  a ley  drong 
enough  to  bear  an  egg  is  obtained,  and  only 
one  degree  of  drength  is  ufed  except  referving 
a weaker  ley  for  occafional  dilution  of  the  in- 
gredients. The  boilers  are  the  fame  as  for 
hard  foap,  and  (hould  not  be  filled  more  than 
half-full,  on  account  of  the  great  riling  of  the 
contents  whild  they  are  incorporating.  The 
proportions  of  the  materials  are  on  an  average 
about  30  parts  of  oil  to  40  of  drong  ley,  which 
yield  about  65  parts  of  foap.  The  manage- 
ment of  the  boiling  and  gradual  addition  of  the 
ley  to  the  oil  require  confiderable  attention,  r 

ahd  if  it  has  fucceeded  properly,  the  oil  and 
alkali  unite  into  an  uniform  gluey  faponaceous 
mafs,  after  which  the  boiling  is  continued  till 
enough  of  the  watery  part  has  evaporated  to 
leave  the  remainder  of  the  proper  confidence 
when  cold,  which  is  known  to  be  the  cafe 
when  a fample  taken  out  and  cooled  does  not 
dick  to  the  fingers  and  draw  out  in  threads,  but 
remains  brown,  fomewhat  diif,  and  granulated. 

The  boiler  is  then  entirely  emptied,  and  the 
foap  is  barrelled  for  fale. 

When  the  boiling  has  not  been  continued 
long  enough,  the  foap  is  .apt  to  ferment,  and 
fpoil  by  keeping. 

Soap  is  manufa£lured  In  this  country  princi- 
pally from  tallow  or  any  other  fat ; and  the  al- 
kali employed  is  either  barilla  or  pearl-alh,  or  a 
mixture  of  the  two,  according  to  the  price  and 
practice  of  the  manufaidurer.  But  as  potafli 
alone  will  not  make  a di(f  foap,  recourfe  i.s 
[.  Meth. 
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had  to  the  action  of  common  fait,  which, 
when  added  after  the  potafh  and  oil  are  united, 
produces  a feparation  of  the  compound  from 
the  water  incorporated  with  it,  hardens  it,  and 
renders  it  equal  to  the  foda  foaps. 

The  following  is  the  ufual  method  of  mak- 
ing the  common  white  and  yellow  foap  ufed 
in  domeflic  purpofes/ 

White  hard  foap  is  generally  made  with 
three  feparate  charges  of  ley.  The  potafh 
(fuppofing  this  to  be  the  alkali)  is  previoufly 
dilTolved  with  water  in  a fmall  boiler  with  a 
little  fire,  and  the  folution  is  poured  over  a vat 
containing  common  wood-afhes  mixed  with 
lime,  which  makes  the  firft  and  ftrongefl  ley. 

As  foon  as  this  has  run  off  the  afhes  are 
turned,  more  lime  is  added,  and  water  is 
pumped  on,  which  forms  the  fecond  or  weak 
ley.  The  large  boiler  is  then  charged  with  the 
tallow,  and  about  two-thirds  of  the  ftrong  ley 
being  added,  a moderate  fire  is  kept  up  to  in- 
corporate the  materials,  which  is  known  by 
their  running  into  a ftiff  glue.  If  this  does 
not  take  place  In  about  7 hours  (with  29  cwt. 
of  tallow  in  the  boiler)  more  alkali  muff  be 
added.  The  tallow  is  then  kiLed  or  faturated, 
and  the  fire  is  drawn  and  the  materials  allowed 
to  remain  at  reft  for  a fliort  time.  Common 
fait  is’  then  throwm  in,  and  ftirred  up  with  long 
poles  till  it  is  thoroughly  incorporated,  and  till 
the  matter  changes  from  a dark  coloured  glue 
to  a thin  foapy  fubftance.  A brisk  fire  is  then 
made,  and  the  materials  boiled  for  a few  mi- 
nutes, when  the  fire  is  again  drawn,  and  the 
materials  in  the  boiler  allowed  to  fettle  for  an 
hour  and  a half,  during  which  the  fpent  lees 
fink  to  the  bottom  of  the  boiler,  and  are 
pumped  off.  The  fecond  operation  begins 
with  raifing  the  fire  and  adding  to  the  foapy 
mafs  the  weak  ley,  which  is  to  be  managed  the 
fame  as  at  firft  and  again  brings  it  to  the  ftate 
of  a glue,  which  a very  little  fait  will  reftore 
to  the  faponaceous  ftate,  and  after  boiling  and 
cooling  the  fecond  lees  are  pumped  off.  In  the 
third  operation  the  third  part  of  the  ftrong  ley 
which  was  referved  is  added,  which  as  before, 
changes  the  mafs  to  a thick  glue,  that  muft  be 
grained  with  fait  as  before. 

The  contents  are  then  boiled  ftrongly  for 
three  hours,  more  or  lefs,  till  by  taking  fam- 
ples  occafionally  v/ith  a trowel,  tire  foap  feels 
fufliciently  hard  and  dry  to  the  touch,  and 
the  ley  will  be  feen  to  run  quite  clear  from  the 
foap  on  the  trowel,  leaving  this  latter  in  round 
lumps.  The  boil  of  foap  is  then  finilhed  by 


pumping  off  the  fpent  ley,  and  fcraping  off  a 
quantity  of  light  froth  from  the  top  of  the 
foap.  The  foap  is  then  fit  for  framing,  which 
is  a perfectly  fimple  procefs,  and  has  already 
been  defcribed. 

With  regard  to  the  proportion  of  ingredi- 
ents, it  is  reckoned  that  16  bufhels  of  good 
wood-allies  are  equal  in  alkali  to  i cwt.  of  the 
beft  pearl-alb,  and  that  this  latter  quantity  will 
faturate  2 cwt.  of  tallow,  and  produce  3 cwt, 
1 qr.  of  foap,  fo  that  I2  parts  of  tallow  will 
make  20  of  foap.  Alfo,  12  bulhels  of  wood- 
alhes  are  reckoned  equal  to  i cwt.  of  barilla, 
and  the  latter  quantity  will  faturate  cwt.  of 
tallow.  A boil  of  29  cwt.  of  tallow  with 
10  cwt.  of  barilla,  and  5 cwt.  of  pearlalh  (as 
thefe  alkalies  are  often  mixed)  requires  about 
8 cwt.  of  common  fait. 

Common  fait  appears  to  have  two  diftiniT 
ufes  in  foap-making*,  one  is,  that  of  promoting 
the  graining  or  feparation  of  the  foap  from  the 
fpent  ley,  which  it  does  probably  Amply  by  ab- 
ftradling  the  watery  part.  In  this  way  it  is  of 
as  much  ufe  in  the  foda  as  the  potafh  foaps, 
and  in  each  it  confiderably  haftens  the  procefs ; 
but  it  is  by  no  means  effential,  and  on  account 
of  its  high  price  appears  to  be  feldom  ufed^ 
where  barilla  or  foda  is  the  foie  alkali.  But 
where  a large  portion  of  the  alkali  is  potafii, 
tlie  foap  would  remain  in  the  ftate  of  a foft 
pafty  mafs  (as  we  have  already  feen)  and  adbu-* 
ally  does  fo,.  till  the  addition  of  common  faltj 
which  then  brings  the  foap  to  the  fame  ftate  aa 
the  foda  foaps. 

It  is  therefore  probable,  as  fuggefted  by 
Pelletier,  that  in  thefe  cafes  a double  decom- 
pofition  takes  place  between  the  oil  and  potafh 
on  the  one  hand,  and  the  muriatic  acid  and 
foda  on  the  ether,  and  that  the  products  of 
this  change  of  principles  are  a foap  with  oit 
and  foda,  and  muriat  of  potafh  in  the  motlier 
liquor. 

To  illuftrate  this,  the  fame  ingenious  che- 
mlft  made  the  following  experiments:  3 lbs., 
of  olive  oil  v/ere  boiled  with  a potafh  ley  fol- 
lowing the  fame  precife  procefs  as  that  already 
defcribed  for  the  foda  foap  with  this  oil,  and  the 
refult  was  a foft  foap  of  the  confiftence  of  but- 
ter weighing  8 lbs.  On  the  other  band  6 lbs. 
of  common  fait  were  diffolved  in  fufficient 
water  and  this  folution  was  added  by  degrees 
to  the  foft  foap  again  made  fluid  by  boiling. 
After  keeping  up  the  fire  for  two  hours,  the 
whole  was  cooled,  and  a very  folid  foap  col- 
!e£led  at  the  furface  which  was  again  melted' 
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Vith  water  to  wafli  out  the  adhering  fait,  and 
then  framed  in  the  ufual  manner.  After  two 
months  it  weighed  only  5 lbs.  and  was  hard, 
white,  and  of  an  agreeable  fmell.  The  fame 
experiment  was  repeated  with  fimilar  refults, 
employing  the  fulphat  of  foda  inftead  of  the 
muriat. 

It  is  rather  Angular  however  that  this  accu- 
rate chemift  did  not  (as  appears)  examine  the 
fpent  ley  to  difcover  in  it  the  potafli,  which  he 
fuppofes  to  be  difplaced  from  the  firft  foap, 
but  the  experiment  may  eafily  be  made.  A 
fimilar  trial  was  alfo  made  with  3 lbs.  of  fuet 
and  potafli,  which  after  the  addition  of  com- 
mon fait,  gave  a hard  foap,  weighing,  in  two 
months  time,  about  6 lbs. 

The  common  yellow  foaps  are  made  in  this 
country  with  tallow  and  barilla,  to  which,  after 
faponification,  is  added  a quantity  of  rofin,  and 
fbmetimes  a very  little  palm-oil. 

The  tallow  is  firll  compleatly  faturated  with 
the  ley  till  the  clear  liquor,  which  is  drawn  olF 
after  due  boiling,  is  nearly  as  alkaline  as  when 
added,  after  which  the  rofin  is  melted  in,  and 
thoroughly  incorporated. 

The  following  gives  a good  yellow  foap, 
viz.  25  civt.  of  tallow,  4|-  cwt,  of  oil,  7 cwt. 
of  rofin,  18  ciut.  of  barilla;  and  10  civt.  of 
black  aflies  (or  wafte  ley  evaporated  and  cal- 
cined) and  \ cwt.  of  palm  oil.  The  produce 
is  about  64  cwt.  of  yellow  foap. 

In  the  preparation  of  all  the  hard  foaps,  a 
feparation  of  the  foap  from  the  watery  faline 
folution  always  takes  place  towards  the  end  of 
the  procefs,  and  it  is  this  feparation  which 
enables  the  artift  to  colleft  and  dry  the  foap. 
But  the  queftion  occurs,  how  this  feparation 
takes  place ; for  the  liquor  from  which  it 
feparates  is  ftill  alkaline,  often  very  ftrongly  fo, 
and  if  the  fame  foap,  after  it  is  fully  prepared 
and  dry.  Is  rediflblved  in  an  alkaline  liquor,  it 
will  mix  with  it  uniformly  into  a white  fapona- 
ceous  fluid. 

Pelletiers  has  endeavoured  to  fliew  by  fome 
ingenious  reafoning,  and  by  experiment,  that 
carbonic  acid  is  an  eflential  ingredient  in  the 
hard  foaps,  and  from  the  fa£l:  that  caiifllc  alkali 
will  decompofe  alcohol,  and  become  more  or 
lefs  carbonated  by  the  carbonic  acid,  which  is 
thereby  generated,  [for  which  fee  tht  article 
Potafj)  he  infers  that  during  foap-boiling,  the 
pure  alkali  and  oil  firft  unite  into  a faponace- 
ous  mafs,  during  which  he  fuppofes  that  part 
of  the  oil  is  decompofed,  and  furnifhes  car- 
bonic acid,  which  then  unites  with  the  fapona- 


ceous  fluid,  and  forms  with  It  a triple  com- 
pound of  oil,  alkali,  and  carbonic  acid,  which 
conftitutes  hard  foap.  In  the  preparation  of 
foap  without  heat  he  further  fuppofes  thatj  part, 
if  not  all,  of  the  carbonic  acid  may  be  furnilhed 
by  the  atmofphere,  which  will  account  for  the 
length  of  time  required  before  the  foap  made 
in  this  way  will  harden  and  feparate  from  the 
ley. 

He  alfo  gives  the  following  experiments : 
Four  ounces  of  cauftic  foda  ley  were  mixed, 
without  heat,  with  eight  ounces  of  oil  of  al- 
monds, and  with  frequent  ftirring,  but  it  was 
not  till  after  many  days,  that  the  foap  began  to 
harden.  On  the  other  hand  4 oz.  of  the  fame 
ley,  8 02.  of  oil,  and  4 oz.  of  water  flightly 
carbonated,  were  mixed  together  ; the  com- 
pound foon  began  to  ftiffen,  in  a quarter  of  an 
hour  it  had  acquired  the  confiftence  of  an  oint- 
ment, and  in  12  hours  It  was  hard  enough  for 
ufe.  Alfo  4 oz.. of  the  ley  were  mixed  with 
8 oz.  of  the  oil  previoufly  aerated  with  carbonic 
acid,  and  here  too  the  foap  became  folid  much 
fooner  than  in  the  firft  inftance,  though  later 
than  in  the  fecond  experiment.  If  it  be  ob- 
jedfed  to  this  opinion  of  the  necellity  of  car- 
bonic acid  to  hard  foap,  that  a carbonated  al- 
kali will  not  make  foap,  the  author  brings  the 
analogy  of  calcareous  cements  or  mortar;  for 
fand  and  carbonat  of  lime  will  not  cohere  into 
a mortar,  but  when  the  combination  between 
fand  and  quicklime  is  once  made,  the  indura- 
tion is  much  haftened  by  adding  carbonated 
water. 

To  this  Ingenious  hypothefis  however  we 
may  objedt  that  there  is  no  proof  brought  that 
foap  aftually  contains  carbonic  acid,  and  the 
contrary  may  be  inferred  from  its  not  effer- 
vefeing  with  a ftronger  acid,  fo  that  the  analogy 
with  calcareous  mortar  Is  defedUve  in  the  molt 
eflential  point.  To  afeertain  the  precife  a«fl:ion 
of  the  alkali  on  oils,  it  will  alfo  be  neceflary  to 
examine  tire  fpent  ley,  which  appears  to  contain 
what  alkali  remains  in  it,  in  a much  more 
carbonated  ftate  than  the  frelh  ley;  fo  that 
inftead  of  fuppofing  that  the  foap  contains 
carbonic  acid,  we  might  with  as  much  proba- 
bility conjedlure  that  in  the  procefs  a part  of 
the  alkali  becomes  to  a certain  degree  car- 
bonated at  the  expence  of  the  other,  and  that  it 
Is  the  latter  portion,  or  the  pure  alkali,  which 
unites  with  the  oil  into  foap,  whilft  the  former 
feparates  from  it  through  the  alhftance  of  its 
carbonic  acid.  This  would  perhaps  explain 
equally  well  the  adfion  of  carbonated  water  in 
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haftening  the  reparation  of  the  foap  from  the 
remaining  ley,  but  much  remains  ro  be  done  by 
the  fcientific  chemift  in  illuftrating  this  very 
important  manufa£lure. 

* * * 

The  chemical  properties  of  every  alkaline 
foap  are  the  following;  when  wetted,  it  fwells, 
foftens,  and  abforbs  d large  quantity  of  watet, 
and  if  more  is  added  it  diffolvcs  therein,  making 
a folution  which  at  lirll  is  fomewhat  opalefcent 
or  grey  but  by  repofe  becomes  clear.  Soap- 
water  when  agitated  forms  a large  quantity  of 
white  frothy  bubbles  which  remain  for  a con- 
liderable  time  before  they  burlt,  and  may  be 
inflated  to  a vaft  bulk,  as  is  feen  In  the  common 
amufement  of  blowing  foap-bubbles.  Hot 
water  diflblves  foap  more  rapidly  and  in  larger 
proportion  than  cold.  Soap  will  keep  in  a dry 
place  for  a great  length  of  time  unaltered,  but 
when’  damp,  a part  of  the  alkali  gradually 
feparates  and  appears  on  the  furface  as  a faline 
efflorefcence  of  carbonat  of  foda.  Diftilled 
per  fe,  it  yields  moft  of  its  oil  tolerably  pure, 
after  which  the  refidue  blackens,  exhales  a fetid 
fmell  and  black  fmoke,  and  finally  the  alkali 
alone  is  left  in  a carbonated  flate. 

Soap  is  alfo  foluble  in  alcohol. 

The  folution  of  foap  Is  decompofed  by  all  the 
acids,  wlilch  curdle  it,  or  feparate  the  oil  in  the 
form  of  white  lumps.  An  excefs  of  acid  re- 
dlffolves  the  curd,  and  the  oil  is  transferred  to  the 
acid,  but  on  boiling  this  folution,  the  oil  fepa- 
rates entirely,  and  rifes  to  the  furface.  The 
folution  is  alfo  curdled  by  lime,  barytic  or 
i'trontian  water,  and  in  this  cafe  the  curd 
confifts  of  the  oil  united  with  the  earth  and 
concreted  by  this  union.  All  the  foluble  falts 
of  thefe  and  tire  other  earthy  bafes  equally 
decompofe  foap-water,  and  form  a curdy  preci- 
pitate, which  is  the  reafon  why  hard  water,  that 
always  contains  fulphat  of  lime,  and  often  other 
earthy  falts,  Immediately  curdles  foap  inftead  of 
forming  an  uniform  folution.  The  metallic 
lalts  alio  produce  the  fame  effedl:,  and  a com- 
bination of  the  oil  and  metallic  oxyd  is  produced. 

Thefe  feveral  decompofitions  have  been  exa- 
mined by  •Berthollet.’*  The  oleo-calcareous 
curdy  precipitate  formed  by  adding  a folution  of 
foap  to  lime-water,  is  not  altered  by  cauflic  al- 
kali, which  proves  that  oil  has  a ftronger  affinity 
with  lime  than  with  alkali,  but  if  a carbonated 
alkali  is  ufed,  the  oleo-calcareous  compound  is 
decompofed,  the  lime  becomes  carbonated,  and 
feparates,  and  the  alkali  goes  to  the  oil.  This 
alio  affords  another  prefumptive  argument  a- 
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gainfl;  the  exiftence  of  carbonic  acid  Incommon 
foap.  Ammonia  has  no  more  effect  on  the  oleo- 
calcareous  compound  than  the  fixed  alkalies  have, 
but  if  carbonated  ammonia  is  digelled  with  it, 
carbonated  lime  is  produced,  and  the  ammonia 
and  oil  unite  compleatly.  If  this  latter  folution 
is  evaporated,  a foap  remains,  which  is  more 
pungent  than  common  foap,  is  largely  foluble 
in  alcohol,  but  imperfedtly  fo  in  water.  A 
fimilar  ammoniacal  foap  is  formed,  and  fepa- 
rates immediately  in  white  curds  by  adding  a 
folution  of  common  foap  to  muriated  ammonia. 

It  has  been  mentioned  that  all  the  earthy 
falts  decompofe  foap.  With  Epfom  fait  an 
oleo-magnefian  precipitate  is  formed  which  is 
undluous,  dries  with  difficulty,  is  infoluble  in 
boiling  water,  but  eafily  diflblves  in  alcohol  or 
expreffed  oil.  In  a moderate  heat  it  melts  into  ■ 
a yellowifh  tranfparent  mafs. 

An  oleo-aluminous  compound  Is  formed  by 
adding  alum  to  a folution  of  common  foap. 
This  forms  a foft  flexible  mafs,  which  preferves 
its  fupplenefs  in  drying,  and  is  fcarcely  foluble 
in  water,  alcohol,  or  oil. 

The  fame  excellent  chemift  examined  feveral 
of  the  oleo-metallic  compounds  formed  by  add- 
ing a folution  of  foap  to  the  metallic  folutlons. 
With  corrofive  fublimate  a quantity  of  fmall 
coagula  were  produced,  and  more  readily  with 
nitrat  of  mercury.  This  combination  is  vifeid,. 
dries  with  difficulty,  diflblves  in  oil  and  alcohol. 
It  becomes  of  a deep  flate  colour  by  expofuve  to 
the  air,  and  readily  foftens  by  heat. 

Sulphat  of  zinc  decompofed  by  foap  gave  a 
yellowiffi  white  compound  ; the  nitro-muriat 
one  of  a dull  leaden  colour. 

Nitro-muriat  of  tin  gave  a white  compound^ 
w’hich  differed  from  all  the  others  in  not  being 
fufible  by  heat,  owing  to  the  quantity  of  me- 
tallic oxyd  which  it  contained. 

The  falts  of  iron  give  a reddifli-brown  oily 
€om.pound,  very  tenacious  and  eafily  fufible. 
It  is  readily  foluble  in  oil  and  oil  of  turpentine. 

Sulphat  of  copper  gives  a copious  green 
mafs  refinous  in  appearance,  which  becomes 
brittle  on  drying.  Digefted  in  alcohol  its  colour 
deepens,  but  it  does  not  diflblve  except  witli 
heat.  Ether  much  improves  the  colour  and 
diflblves  a portion.  This  compound  is  readily 
and  largely  foluble  In  oils  to  which  it  gives  a 
green  colour. 

Acetite  of  lead  gives  a white  tenacious  mafs, 
very  adhefive  when  heated,  and  refembling 
diachylon,  which  is  a dire<ft  combination  of 
oil  and  litharge. 
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The  author  adds  a few  general  remarks  on 
thefe  combinations.  TheexprefTed  oils  did  not 
appear  to  diffolve  the  compound  of  oil  with  lime 
or  aluminc.  Alcohol  dilTolves  fome  of  the  oleo- 
metallic  compounds  without  heat,  others  require 
heating  i but  in  all  cafes  it  diflblves  lefs  of  them 
than  oil  of  turpentine  does. 

Some  of  thefe  were  calcined,  to  determine 
the  quantity  of  earth  or  metallic  oxyd  left  after 
the  oil  was  burnt  off,  whence  fome  idea  may 
be  formed  of  the  proportions  of  ingredients  in 
thefe  compounds,  taking  into  account  however, 
that  the  calcination  might  carbonate  fome  of 
the  earths,  but  not  all,  and  that  the  exa£t  flate 
of  oxygenation  of  the  metals  is  not  afcertained. 
Half  an  ounce,  Fr.  (288  grs.)  of  the  compound 
with  magnefia  left  32  gfs.  which  did  not  elFer- 
vefce:  the  compound  with  lime  left  36  grs. 
which  eftervefced;  with  clay,  28  grs;  with  iron, 
48  grs;  with  copper,  33  grs;  with  zinc,  42; 
with  manganefe,  40;  with  lilver,  30  grs.  in  the 
metallic  ftate;  and  with  tin,  as  much  as  79  grs. 
of  the  reduced  metal.  Whenever  thefe  combi- 
nations are  to  be  made,  the  folutions  fliould  be 
in  a faturated  ftate. 

Ammoniacal  Soap. 

A white  faponaceous  compound  is  readily 
made  by  {baking  any  oil  with  liquid  ammonia, 
and  this  combination  is  much  ufed  medicinally 
as  a ftimulating  application ; but  the  union 
between  the  two  is  much  weaker  than  between 
the  fixed  alkalies  and  oils,  fo  that  this  compound 
will  not  harden,  and  by  keeping  for  a time 
the  ingredients  partly  feparate.  A more  in- 
timate union  between  them  is  made  by  adding 
muriated  ammonia  to  common  foap,  as  has 
been  already  mentioned. 

Effential-Oil  Soaps.  S/arhey’s  Soap. 

The  combination  of  the  eflential  oils  with 
the  fixed  alkalies  is  much  more  difficult  tlian 
that  of  the  expreflcd  oils  and  fats,  and  much 
lefs  perfedb,  fo  that  a fcparation  is  liable  to  take 
place  whatever  pains  be  taken  in  the  mixture. 
This  kind  of  foap  was  firft  introduced  by  an 
alchemift  of  the  name  of  Starkey,  whence  it  has 
taken  its  name.  Starkey’s  procefs  was  tedious 
and  uncertain.  It  confifted  in  putting  in  a 
veifel  fome  dry  carbonat  of  potalh  with  oil  of 
turpentine  and  fhaking  the  mixture  daily  for 
•fix  months,  during  which  time  part  of  the  oil 
combines  with  the  alkali  into  a faponaceous 
mafs,  and  the  remainder  floats  above  it  unalter- 
ed. Beaume  has  taken  a good  deal  of  pains  to 
find  out  the  beft  method  of  making  this  mixture. 
His  method  is  the  following.’  Put  in  a marble 


mortarj  or  on  a porphyry  ftone,  any  quantity  of 
dry  carbonat  of  potafh,  add  to  it  gradually 
twice  or  thrice  its  W'cight  of  oil  of  turpentine, 
and  rub  them  together  till  the  mixture  has  the 
confiftence  of  a foft  extradl;  then  put  it  into  a 
glafs  cucurbit  and  fet  it  (at  reft)  in  a damp 
place,  during  which  the  mixture  abforbs  much 
moifture  from  the  air,  and  refolves  itfelf  into 
three  portions,  the  loweft  of  which  is  a watery 
folution  of  the  alkali,  the  middle  is  the  foap 
required,  and  the  upper  portion  is  fome  uncom- 
bined oil  of  turpentine,  generally  yellow  or 
amber-coloured.  Pour  the  whole  on  a ftrainer 
of  double  cloth,  and  the  foap  alone  remains  on 
the  ftrainer,  which  after  draining  for  fome  days 
muft  be  again  rubbed  in  a mortar,  and  i^  then 
compleat.  The  alkaline  liquor  that  runs  through 
the  filter  is  fomewhat  impregnated  with  the  oil. 
Other  recipes  have  been  given  for  this  foap, 
the  preparation  of  which  has  engaged  more 
attention,  perhaps,  than  it  merits  as  a medicine, 
and  which  need  not  be  repeated  in  this  place. 
This  foap  has  an  acrid  alkaline  tafte,  and  is  very 
apt  to  deliquiate  on  expofure  to  air. 

It  does  not  appear  however  that  the  folid 
cauftic  alkalies  have  ever  been  ufed  for  this 
purpofe,  fo  that  experiments  are  ftill  wanting 
to  afcertain  the  precife  adlion  of  the  alkalies  on 
the  eflential  oils. 

Acid  Soaps. 

The  combination  of  acids  with  oils  into 
foluble  faponaceous  fubftances,  has  already  been 
noticed  under  the  afticle  Oil. 

SOAP,  Starkey’s.  See  the  preceding  article. 

SOAP-LEES,  liixivium  fapcnarium. 

This  term  has  been  not  unfrequently  ufed 
both  by  chemical  writers,  and  alfo  familiarly,  to  ' 
fignify  the  ley  or  alkaline  lixivium  ufed  by  foap- 
boilers.  In  this  country  therefore  it  means  a 
very  ftrong  folution  of  potafh,  nearly,  if  not 
entirely  cauftic;  but  in  the  countries  where 
foda  is  chiefly  ufed  by  the  foap  makers,  it  fig- 
nifics  a ley  of  cauftic  foda.  It  is  therefore  an- 
incorreT  term,  and  is  nearly  difufed. 

The  term  foap-lees  is  alfo  employed  technically 
by  fome  to  fignify  the  /pent  ley  which  is  pumped 
out  of  the  foap  ciftern  after  the  foap  has  fepa- 
rated,  and  being  generally  more  or  lefs  alkaline, 
it  is  never  thrown  away,  but  is  fometimes 
ufed  again  in  the  ftate  in  which  it  is  obtained, 
and  at  other  times  is  evaporated  and  the  refidue 
calcined  to  extradl  the  alkali. 

SODA.  Mineral  fixed  Alkali.  Soude,  Fr. 
Miner  at j'che  geivackfalkiiU,  Germ. 

This  alkali  Is  obtained  pure  from  the  native 
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tor  unmanufactured  Carbonat  of  Soda  by  pre- 
tfifely  the  fame  methods  which  have  been  already 
amply  detailed  in  the  article  Potash,  to  whiclx 
Ave  refer  our  readers.  In  its  general  properties 
it  fo  clofely  refembles  potafli  that  it  is  with  the 
utmoll  difficulty  that  the  two  alkalies  when  in 
a pure  uncombined  ftate,  are  diftinguiflied 
from  each  other.  To  avoid  ufelefs  repetition 
therefore,  we  (hall  only  mention  here  thofe  cir- 
cumftances  in  which  foda  differs  from  potafh. 
The  affinity  of  foda  for  water  is  much  inferior 
to  that  which  potafh  exhibits  for  the  fame  fub- 
ftance,  hence  when  folid  cauftic  foda  is  expofed 
to  the  air  it  prefently'moulders  to  a moifl  paflc, 
but  as  foon  as  it  has  abforbed  carbonic  acid 
enough  to  form  the  fub-carbonat  of  foda,  it 
parts  again  with  its  water  and  efflorefces  to  a 
white  powder.  Potafh  on  the  other  hand, 
entirely  deliquiates,  and  continues  fluid  till 
quite  faturated  witir  carbonic  acid.  The  fpeci- 
fic  gravity  of  foda  according  to  Ha-ffenfratz  is 
rzri.33,  whereas  that  of  potafh  amounts  to 
f .70.  Soda  combines  with  filex  and  other  vitri- 
fiable  ingredients  into  a glafs  in  the  fame  manner 
as  potafh  does,  but  the  glafs  prepared  with  the 
latter  is  harder  than  when  the  former  is  made 
ufe  of.  On  the  other  hand  the  foaps  produced 
by  combining  foda  with  oil  or  tallow  are  hard 
and  folid,  while  thofe  made  with  potafh  are 
foft  and  gelatinous.  The  two  alkalies  are  ftill 
more  diflinguifhable  when  united  to  the  different 
acids,  producing  compound  falts,  and  a con- 
fiderably  fmaller  propot^ion  of  foda  than  of 
potafli  will  faturate  a given  quantity  of  acid. 
The  faks  with  a bafe  of  foda  are  for  the  moll 
part  confiderably  more  foluble  than  the  corref- 
ponding  ones  with  a bafe  of  potafli,  and  in  the 
force  of  its  chemical  affinity  foda  appears  to  be 
fomewhat  inferior  to  potafh,  this  however  is  no 
doubt  increafed  by  the  fuperior  folubility  of  its 
falts. 

Soda  is  applied  in  general  to  the  fame  ufe  as 
potafh,  and  the  preference  given  to  either  over 
the  other  is  often  determined  merely  by  their 
■relative  commercial  value.  In  the  preparation 
of  hard  foap  and  the  fofter  kinds  of  glafs  there 
is  however  an  intrirtfic  ground  of  preference. 
SOLDER. 

The  art  of  foldering  is  that  of  joining  together 
two  or  more  pieces  of  metal  by  means  of  a 
metallic  cement:  hence  it  Is  abfolutely  requifite 
that  the  folder  employed  fliould  have  the  two 
following  qualities,  viz.  that  of  being  fufible  at 
a lower  heat  than  the  metals  which  it  is  intended 
to  cement,  and  of  adhering  with  confiderable 
ftrmnefs  to  their  furfaces.  The  folder  for  gold 


is  compofed  of  fine  gold  withal  or  | Its  weight 
of  fine  filver,  mixed  together  accurately  by 
fufion,  and  afterwards  beat  out  into  leaves 
fomewhat  thinner  than  card  paper,  and  rendered 
as  foft  as  pofTible  by  annealing.  It  is  made  ufe 
of  in  the  following  manner.  A piece  of  folder 
of  the  proper  fize  and  fhape  being  cut  off,  is 
laid  on  the  part  to  be  cemented  and  fprlnkled 
over  with  pulverized  borax;  the  flame  from  a 
blowpipe  is  then  applied,  and  the  borax  and 
folder  both  enter  into  fufion,  the  latter 
incorporating  with  and  adhering  firmly  to  the 
gold:  when  the  jundlure  is  compleat  the  piece 
is  allowed  to  cool,  and  the  borax  is  removed  by 
boiling  water,  or  what  is  ftill  better  a little 
dilute  fulphuric  or  muriatic  acid.  The  folder 
will  however  appear  confiderably  paler  than  the 
other  part,  both  on  account  of  the  filver  with 
which  it  is  alloyed,  and  of  the  borax,  which 
always  lowers  the  colour  of  -gold:  this  defe£l 
may  be  remedied  by  melting  on  the  furface  of 
the  folder  a mixture  of  two  parts  of  nitre  and 
one  of  burnt  alum  and  afterwards  wafhing  it  off 
with  a foft  brufli  and  hot  water,  by  w'hich  the 
natural  colour  of  the  gold  will  be  reftored  and 
even  heightened. 

For  filver  there  are  two  kinds  of  folder 
employed,  the  hard  and  the  foft.  The  former 
is  compofed  of  equal  parts  of  filver  and  fine 
brafs;  and  the  latter  is  prepared  by  fufing  the 
hard  folder  with  xV  of  its  weight  of  pure  zinc. 
The  mode  of  applying  it  is  the  fame  as  already 
dire£led  for  gold  folder. 

For  copper,  brafs,  and  the  hard  alloys  of 
copper  the  beft  hard  folder  is  compofed  of  brafs 
and  zinc  in  the  proportion  of  from  8 to  1 6 of 
the  former  to  one  of  the  latter,  according  to  the 
required  hardnefs.  The  foft  folder  is  compofed 
of  3 parts  of  zinc  and  one  of  lead,  and  is 
applied  by  means  of  a common  foldering  iron 
heated  red  hot. 

The  folder  for  tin,  pewter,  and  lead,  (or  the 
plumber’s  folder)  is  of  two  kinds : the  leaft 
fufible  is  compofed  of  equal  parts  of  tin  and 
lead;  the  more  fufible  contains  befides,  bifmuth 
in  various  proportions.  A very  good  foft  folder 
is  prepared  by  melting  together  16  parts  of  tin, 
8 of  lead,  and  4 of  bifmuth. 

For  delicate  works  in  cut  fteel  the  beft  fisider 
is  gold  with  a high  alloy  of  copper.  For  larger 
works  in  iron  and  fteel  copper  is  made  ufe  of, 
or  an  alloy  compofed  of  equal  parts  of  tin  and 
iron. 

SOLUBLE  TARTAR,  or  Tartrite  of  PoU 
ajh.  See  Tartareous  Acid. 
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SOLUTION.  Auflofung.  Germ. 

Solution  is  the  perfeft  chemical  union  of  a 
folid  or  fluid  with  any  other  fluid,  in  which  the 
compound  remains  in  a liquid  (late,  and  per- 
fe£l:Iy  homogenous  in  all  its  parts.  It  generally 
IS  applied  ta  the  mdtmg  down  of  a folid  in  a 
fluid  (fait  in  water  for  example)  but  applies 
with  equal  propriety  to  the  chemical  union  of 
two  dilTimilar  fluids,  as  where  an  elTential  oil  is 
dilfolved  in  alcohol. 

Solution  is  one  of  the  great  operations  in 
chemiftry,  and  alrnofl.  every  fubftance  in  nature 
is  capable  of  it.  T he  antient  idea  of  folution 
does  not  imply  chemical  affinity,  and  the  fub- 
ftance diflblved  was  fuppofcd  to  be  as  it  were 
paffive  in  the  operation,  fo  that  in  this  point  of 
view,  folution  was  little  elfe  tlian  tranf parent 
diffufion.  But  more  accurate  ideas  of  chemical 
adtion  have  fliewn  that  folution  takes  place 
from  true  chemical  affinity  operating  between 
the  folvent  and  the  folvend^  in  which  each  fub- 
ftance equally  participates.  For  a folid  to-  be 
diflblved  in  a fluid  it  is  neceflary  that  tlie  force 
of  affinity  between  the  two  fhould  be  fufficient 
to  overcome  the  force  of  cohefion  between  the 
particles  of  the  folid,  and  hence  it  is  that  heat 
fo  much  affifts  folution  by  leflTening  the  force 
of  cohefion  between  all  particles  of  matter. 

It  generally  happens  in  all  cafes  of  folution  at 
a common  temperature  that  the  mixture  in  the 
a£l  of  folution  becomes  either  warmer  or  colder 
than  the  ingredients  were  before  mixture.  This 
arifes  from  an  evolution  or  abforption  of  free 
caloric,  owing  to  the  mixture  having  a lefs  or 
a greater  capacity  for  caloric  than  the  mean  ca- 
pacity of  the  two  fubftances  taken  feparately. 
This  has  been  more  fully  explained  under  the 
article  Caloric. 

It  happens  alfo  in  by  far  the  greater  number 
of  cafes  of  folution  that  the  mixture  has  a 
greater  fpecific  gravity  than  the  mean  gravity 
of  the  ingredients,  relatively  to  their  refpedlive 
quantities.  Hence  they  occupy  lefs  fpace  than 
before,  as  may  readily  be  feen  by  putting  into 
a bottle  any  foluble  fait  (fulphat  ©f  foda  for 
example)  and  filling  it  brim-full  of  water,  and 
after  the  folution  is  elFedfed,  the  liquor  will 
have  funk  3 certain  way  below  the'  firft  level 
without  any  lofs  of  the  ingredients. 

The  whole  fubjedl  of  folution  is  Intimately 
connected  with  that  of  chemical  affinity  to 
^hich  we  ftiall  refer  the  reader. 

SOOT. 

Chimney  foot  Is  a compound  of  black  car- 
bonaceous matter  with  a confiderable  quantity 


of  carbonated  ammonia  and  probably  fomy 
other  ammonlacal  falts,  and  hence  it  gives  3 
ftrong  pungent  fmell  of  this  alkali  when  rubbed 
with  quicklime.  Carbonated  ammonia  is  ex- 
tracted from  it  in  the  large  way  in  feveral 
manufactories  of  this  fait. 

SORREL,  Salt  oft  is  the  native  fuper-oxalat 
of  potafh  contained  in  the  juice  of  this  plant. 
See  Oxalic  Acid. 

SPANISH  WHITE. 

The  fubftance  originally  called  by  this  name,, 
is  the  white  of  oxyd  or  magiftery  of  bifmuth, 
the  name  is  often  however  applied  to  walhed 
chalk  or  whiting. 

SPAR.  &path.  Germ. 

The  term  fpar,  in  its  moft  comprehenfive 
fenfe  appears  to  include  almoft  all  the  earthy 
cryftallized  minerals  that  are  met  with  in  me- 
tallic veins ; but  by  mineralogifts  it  is  applied 
to  thofe  minerals  whether  earthy  or  metallic, 
which  are  cryftallized  and  have  a vifible  foliated 
texture.  Thus  we  fay  calcareous  fpar,  fluor 
fpar,  heavy  fpar,  felfpar,  lead  fpar,  fpathofe 
iron,  &c.  but  not  quartz  fpar.  It  is  not  how- 
ever every  foliated  cryftal  which  is  called  a 
fpar,  for  neither  mica  nor  hornblende  bear 
this  appellation.  The  adjeeftive  fpathofe  or 
fparry,  means  compofed  of  crystalline  plates, 
in  oppofition  to  foliated  or  flaty,  which  only 
imply  compofed  of  plates,  without  any  refer- 
ence to  cryftallization. 

SPARGE  LSTEIN.  See  Apatit. 

SPECKSTEIN.  See  Steatite. 
SPECULUM  METAL.  See  Copper,  al- 
loys of. 

SPELTER. 

Is  the  ufual  commercial  name  for  Zinc. 

SPERMACETI.  Blanc  de  Baleine.  Fr, 
Wall  rath.  Germ. 

This  peculiar  oily  fubftance  is  found  abun-- 
dantly  In  the  cranium  of  the  cachalot  or  iper— 
maceti  whale  (Phyfeter  macrocephalus,  Linn.) 
and  in  fome  other  fpecics  of  the  fame  genus : 
but  though  contained  in  the  cavities  of  the 
fcull  It  appears  to  be  entirely  different  from  the 
proper  brain  of  the  animal.  When  firft  ex- 
tracted it  is- mixed  with  a confiderable  quantity 
of  oil,  which  is  feparated  by  putting  the  mafe 
into  a woollen  bag  and  preffing  it,  by  which 
the  greateft  part  of  the  oil  runs  out,  anu  then 
wafhing  the  refidue  witli  a warm  weak  alkaline 
ley,,  which  diflblves  and  converts  into  foap  the 
remainder  of  the  oil,  leaving  behind  the  fperma- 
ceti  untouched ; this  latter  after  being  repeat- 
edly wafhed  with  foft  water,  is  melted  by  a 
very  gentle  heat,  the  impurities  partly  float  on 
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•the  furface,  and  partly  fink  to  the  bottom,  and 
are  thus  got  rid  of ; the  fluid,  in  appearance  a 
perfectly  pellucid  oil,  is  now  allowed  to  cool, 
and  forms  on  congealing  a mafs  of  purified 
.fpermaceti. 

The  colour  of  fpermaceti  is  a pure  brilliant 
almoft  filvery  w'hite;  it  is  compofed  of  femi- 
tranfparent  cryftalline  plates  ; is  fofter  and 
more  brittle  than  white  wax,  has  very  little 
flavour,  and  only  a. flight  tallowy  odour.  Its 
fuperior  tranfparency,  high  luftre,  and  cryftal- 
line texture,  at  once  diftinguifli  it  from  every 
other  fpecies  of  concrete  oil.  Its  point  of  con- 
gelation is  ii2°Fahr.  Cy  the  affiftance  of  a 
■wick  it  burns  with  a clear  white  flame,  fuperior 
to  that  of  tallow,  and  without  any  difagreeable 
odour,  hence  its  excellence  as  a material  for 
candles. 

Spermaceti  by  diftiliation  at,  a gentle  heat, 
pafles  over  in  the  ftate  of  a fluid  oil,  which 
concretes  on  cooling,  a very  flight  carbonace- 
ous refidue  being  left  in  the  retort;  by  re- 
peated diftiliation,  however,  the  fpermaceti  be- 
comes permanently  fluid  at  the  common  tem- 
perature. It  requires  according  to  Thouvenel, 
a much  lefs  heat  for  its  volatilization  than  moft 
of  the  other  oils  do,  and  therefore  is  lefs  de- 
compofed  by  the  procefs ; in  particular  no  acid 
makes  its  appearance.  But  according  to  the 
experiments  of  Crell  a greater  heat  is  required 
for  its  diftiliation  than  for  that  of  fat,  the  coagu- 
lated oil,  thus  procured,  is  partly  white  and 
partly  browniflr ; by  repeated  diftiliation  it  af- 
fords a yellowiflr  acid,  becomes  more  fluid,  but 
ftill  coagulates  in  the  cold.  The  acid  when 
roftified  by  diftiliation  is  entirely  colourlefs, 
and  affords  the  fame  falts  with  earths  and  alka- 
lies as  CrelFs  febacic  acid.  The  oil  unites  with 
ammonia  into  a faponaceous  emulfion. 

Spermaceti  is  foluble  in  boiling  alcohol, 
though  very  fparingly,  i^o  parts  of  the  men- 
ilruum  being  required  for  this  purpofe,  and 
.the  whole  of  the  Ipermaceti  appears  to  be  again 
precipitated  as  the  folution  cools. Warm 
ether  diflblves  it  very  copioufly,  but  feems  to 
retain  none  of  it  when  cold.  Oil  of  turpentine 
has  the  fame  effecl.  With  cauftic  potafti  it 
combines  into  a foap,  foluble  in  warm  water. 
Fluid  ammonia  when  cold  has  no  a£fion  on 
fpermaceti,  but  when  warm  diflblves  It  with 
^reat  facility,  forming  an  emulfion  which  is  not 
decompofed  either  by  fimple  cooling,  or  by 
mixture  with  water ; the  addition  of  an  acid 
however  Inftantly  precipitates  the  fpermaceti. 
With  concentrated  fulphuric  acid  it  forms  a 


browniflr  folution,  which  when  dropped  Into 
water  gives  up  its  fpermaceti  apparently  unal- 
tered. It  diflblves  fulphur  as  the  other  fat  oils 
do.  By  long  expofure  to  the  air  it  acquires  a 
yellow  tinge  and  becomes  rancid. 

The  great  ufe  of  fpermaceti  is  for  making 
candles;  it  is  alfo  employed  in  medicine. 

SPINELL,  or  true  Ruby.  Wern. 

Spirielle,  Hauy  and  Broch. 

Its  colour  is  red  mixed  with  various  tints  of 
blue  or  yellow ; hence  it  occurs  carmine,  hya- 
cinth, cochineal,  and  cherry  red,  rofe  red,  and 
rarely  blood  red,  alfo  violet  blue,  bluiflr  green, 
and  orange  yellow.  It  occurs  in  grains,  in 
fmall  rounded  fragments,  and  cryftallized. 

The  primitive  form  of  its  cryftals  is  the  re- 
gular oftohedron,  befides  which  it  exhibits  the 
following  varieties. 

1.  The  cuneiform  oblohedron. 

2.  The  primitive  oblohedron  with  the  edges 
of  the  common  bale  truncated. 

3.  The  fame  with  all  the  edges  truncated. 

4.  The  primitive  oblohedron  divided  obli- 
quely into  two  fegments  which  are  turned  on 
each  other  -i-  of  a circle,  thus  forming  a folid 
with  alternate  faliant  and  re-entering  angles. 

The  cryftals  are  fmall  and  very  fmall,  rarely 
middle-fized.  The  faces  of  the  obtohedron  are 
fmooth,  the  planes  of  the  truncatures  are  lon- 
gitudinally ftriated.  Its  luftre  both  externally 
and  internally  is  brightly  Ihinlng,  vitreous.  Its 
crofs  frablure  is  conchoidal,  its  longitudinal 
frablure  is  lamellar  in  three  dIreifUons.  It  va- 
ries from  tranflucent  to  tranfparent.  Its  hard- 
nefs  is  very  confiderable,  though  Inferior  to 
that  of  fapphire.  Sp.  gr.  3.57 — 3.64. 

It  Is  infufible  before  the  blowpipe  without 
addition,  but  it  melts  with  borax  and  acquires 
a green  colour.  When  ground  to  a very  fine 
powder,  it  is  foluble  by  long  digeftion  in  boil- 
ing fulphuric-  acid.  It  was  firft  analyfed  by 
Klaproth,  and  afterwards  by  Vauquelin,  with 
the  following  refults. 

Klanr.  Vauq. 

74.5  — 82.47  Alumine 


I5-5  — 

0.  Silex 

8.25  - 

8.78  Magnefia 

1-5  — 

0.  Oxyd  of  iron 

0.75 

0.  Lime 

0. 

6.18  Chromic  acid 

100.50  — 

97-43 

Its  geological  fituation  is  not  known;  it  oc- 
curs however  imbedded  in  calcareous  fpar  and 


• Bollock  in  Nich.  Joi>ra.  8vo.  i v.  p.  34. 
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:idularla,  accompanied  by  mica  and  magnetic 
pyrites.  It  is  found  in  Pegu  and  the  ifland  of 
Ceylon. 

Spinel le  ranks  among  the  gems  ; and  is 
called  by  different  names  among  the  jewellers, 
according  to  the  tone  of  its  colour.  The  pure 
bright  red  is  called  Sphie//e,  and  is  the  mofl 
efteemed,  its  value  when  exceeding  4 carats  in 
weight,  being  half  that  of  a diamond  of  equal 
weight ; the  orange  red  variety  is  called  T er~ 
viei/le,  or  Rubiceile ; and  the  rofe  red  is  called 
Balms  or  Balafs  ruby.  The  oriental  ruby  is  a 
variety  of  Telesia. 

SPINTHERE. 

The  colour  of  this  mineral  is  greenifh.  It 
occurs  cryftallized  in  irregular  dodecahedrons, 
compofcd  of  a double  four  Tided  pyramid,  obli- 
quely truncated  at  the  apexes.  The  cryftals 
are  very  fmall  and  brightly  ffiining ; the  frac- 
ture is  lamellar.  Its  hardnefs  is  inferior  to 
that  of  glafs;  it  is  tranilucent  on  the  edges. 

It  melts  before  the  blowpipe  without  much 
dilTiculty.  It  has  not  been  analyfed. 

It  was  difeovered  by  Ilauy  implanted  in 
calcareous  fpar  from  Dauphine. 

SPIRITS  DISTILLED. 

Under  the  articles  Fermentation,  Brandy,  and 
Alcohol,  we  have  already  given  a defeription  of 
the  procefles  by  which  ardent  fpirit  is  made, 
and  of  its  chemical  properties  ; we  ffiall  there- 
fore in  this  place  only  mention  a few  clrcum- 
itances  in  the  preparation  of  corn-fpirits  and 
jtim. 

The  greater  part  of  the  common  fpirituous 
liquors  confumed  in  this  and  other  countries  of 
Europe  where  the  vine  does  not  grow,  is  pre- 
pared from  fermented  corn  of  one  kind  or 
other,  mixed  occafionally  when  it  fuits  the 
purpofe  of  the  difliller  with  molaffcs,  and 
fometimes  with  caiTots  and  other  fub-faccha- 
rinc  vegetables.  But  when  there  is  no  fcarcity 
of  grain,  this  is  by  far  the  greateil,  and  often 
the  only  ingredient. 

The  fpirit  thus  procured  is  recfliSed  for  fale 
by  being  re-dlftilled  with  juniper-berries,  tur- 
pentine, and  many  other  fubftances  to  give  it 
the  defired  flavour  and  appearance. 

The  grain,  if  barley  is  ufed,  is  generally  firfl; 
malted  in  the  ufual  manner,  and  in  Scotland  is 
dried  with  peat,  the  fmoke  of  which  gives  that 
peculiar  flavour  which  is  found  in  %vhish\,  the 
fpirit  dillilled  from  it.  It  is  then  ground  to 
coarfe  powder,  maflied,  and  the  infufion  fer- 
mented with  yeaft  in  large  tuns.  In  this  Bate 
it  is  a ftrong  ale,  and  differs  from  tire  mali;- 
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liquors  ufed  for  drinking,  only  in  containing  no 
hops  nor  any  other  bitter.  This  fermented  li- 
quor is  called  nvajlj,  and  is  then  fit  for  the  firfl 
diftillation. 

The  theory  and  pra<£Hce  of  diftillation  hav- 
ing been  deferibed  under  the  articles  Alcchtl 
and  Brandy,  we  ffiall  not  here  repeat  it,  except 
to  mention  that  feveral  additions  are  made  to 
the  waffi  with  a view  either  of  increafing  (as  is 
fuppofedj  the  yield  of  fpii  it,  or  of  corre£llng 
and  keeping  down  the  eff'entitil  oil  derived 
from  the  malt  which  is  apt  to  give  it  a naufe- 
ous  flavour;  or  of  regulating  the  boiling  within 
the  ftil!,  and  preventing  it  from  boiling  over  or 
running  fold i or  of  neutralizing  tlie  acid  gene- 
rated during  the  fermentation,  which  remark- 
ably lefTens  the  produdl  of  fpirit.  For  all  thefe 
purpofes  foap  is  accounted  the  beft  addition, 
and  large  quantities  of  it  are  employed  for  this 
purpofe  in  ditlilleries.  Others  ufe  alkalies. 

During  the  diftillation  the  firfl:  fpirit  that 
comes  over  (as  in  the  diftillation  of  wlnej  is 
oily  and  turbid,  and  often  of  a naufeous  fla- 
vour, owing  to  the  oil  of  the  malt  which  ac- 
companies it  in  all  thefe  changes.  The  fpirit 
then  runs  clear  and  continues  fo  to  the  laff, 
but  conftantly  decreafing  in  ftrength,  becoming 
more  watery,  and  therefore  of  lefs  fpecific 
gravity. 

The  whole  of  the  fpirit  thus  obtained  is  then 
again  dillilled  or  rectified,  and  in  this  procefs 
the  middle  runnings  from  the  ftill  are-received 
apart  from  the  firft  portion  which  is  too  oily 
and  turbid,  and  from  the  latter  which  is  too 
watery  to  come  up  to  the  eftabliffied  proof.  It 
is  in  the  redlification  alfo  that  the  additions 
which  give  a peculiar  flavour  to  the  fpirit, 
(fuch  as  juniper  berries,  &c.)  are  made. 

The  general  procefs  of  the  diftillery  is  Am- 
ple, and  certainly  not  difficult  of  management 
to  enfure  a certain  degree  of  fuccefs,  fince  it  is 
carried  on  in  the  fmall  way  by  hundreds  of 
fmall  farmers  and  ignorant  perlbns  in  thofe  re- 
mote parts  of  the  illar.d  which  off  er  the  greateft 
facility  of  eluding  the  excife  duties.  But  in 
conducting  vaft  and  expenfive  works  a large 
ffiare  of  practical  Ikill  is  required,  and  almoft 
every^diftiller  profefles  to  have  fome  peculiar 
nicety  of  practice  in  the  management  of  the 
procefs  or  the  conftruction  of  the  apparatus. 

The  form  of  the  ftill  in  particular  has  under-- 
gone  many  fucceffive  alterations  (eipecially  in 
Scotland,  where  the  mode  of  levying  the  duty  . 
renders  it  an  obje£t  to  diftill  as  faft  as  poffiblej 
and  by  gradually  widening  the  bottom  and 
contrabting  the  height  of  the  boiler,  diftillation 
2 u 
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is  now  carried  on  with  a rapidity  that  wovdd 
almoft  exceed  belief  were  it  not  perfeddly  well 
authenticated.*  After  fucceflive  improvements 
and  a confiderably  complicated  apparatus,  a ftill 
has  been  conftru£ted  which  contains  only  40 
gallons  in  the  body  \and  3 in  the  head,  in 
which  the  time  of  charging,  boiling  and  run- 
ning, and  letting  off  the  walte  liquor,  amounts 
only  to  two  minutes  and  three-quarters  when  the 
charge  of  wafh  is  16  gallons,  which  is  two- 
fifths  of  the  whole  contents.  In  re£fification, 
which  is  a flower  procefs,  the  charge  is  24 
gallons,  and  the  time  of  diftilling  about  ten 
minutes.  This  rate  of  working  however  is  far 
beyond  the  ordinary  rate. 

It  is  not  neceflary  to  malt  grain  in  order  to 
make  it  ferment  fufficiently  to  yield  a good  fpirit, 
and  not  only  barley  but  any  other  grain  will 
anfwer  the  fame  purpofe.  In  this  country  a 
mixture  of  barley  and  malt  is  generally  pre- 
ferred; in  Holland  the  very  finefl;  geneva  is 
made  from  wheat  and  malt,  but  more  commonly 
from  malt  and  rye,  which  latter  yields  more 
fpirit  than  wheat.  Very  fuperior  care  and 
attention  feems  to  be  bellowed  in  condudling 
the  whole  procefs. 

The  greater  number  of  diftillers  proceed  in 
the  following  manner.*’  A quantity  of  rye-flour 
coarfely  ground  is  mixed  with  a third  or  fourth 
part  of  malt  and  put  into  the  fermenting  tub 
with  cold  water,  ftirring  it  well  witl)  the  hands 
to  prevent  the-  meal  from  clotting.  Sufficient 
water  is  then  added  of  a blood  warmth,  after 
which  the  ferment  is  mixed  with  the  whole, 
which  is  compofed  of  the  yeaft  of  former  ope- 
rations dried  and  kept  for  a certain  time.  If 
the  weather  is  favourable  and  the  heat  well 
regulated,  the  fermentation  begins  in  fix  hours, 
and  terminates  on  the  tlrird  day,  and  the  liquor 
becomes  tranfparent  and  alTumes  a hot  pungent 
talle.  The  diftillation  is  then  proceeded  upon 
immediately,  before  the  liquor  turns  four,  which 
is  avoided  as  much  as  poffible.  The  diftillation 
is  conducted  very  flowly,  that  the  fpirit  may  be 
as  little  as  polfible  impregnated  with  the  oil  of 
the  grain,  to  which  much  of  the  unpleafant 
flavour  of  the  ordinary  fpirits  is  juftly  attri- 
buted. The  firft  fpirit  is  then  rectified  by  a 
fecond  diftillation  over  juniper-berries,  or  in 
double  Geneva  by  a third  procefs.  In  fome  of 
the  ordinary  ■ forts  however  the  juniper-berries 
are  mixed  with  the  fermenting  materials,  and 
one  diftillation  fuffices.  In  the  common  geneva 
cr  gin  vulgarly  ufed  in  this  country,  the  fine 
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juniper  flavour  is  coarfely  imitated  by  turpen- 
tine. 

Rum  Is  prepared  by  diftilling  a fermented 
liquor  made  from  melafles,  and  other  refufe 
faecharine  matter  which  is  procured  during 
the  manufa£lure  of  raw  fugar  in  the  Welt 
Indies.  The  common  procefs  in  Jamaica  is  the 
following.*^  The  materials  for  the  fermentation- 
are,  molalTes  or  the  treacle  which  drains  from 
the  fugar,  feummings  of  the  hot  cane  juice,  or 
fometimes  raw  cane  liquor,  lees  or  dander  as 
it  is  called,  and  water.  The  dunder  anfwers 
the  purpofe  of  yeaft,  and  is  ufually  prepared  by. 
a feparate  fermentation  of  cane  fweets  and 
water.  The  materials  being  mixed  in  due  pro- 
portions, (which  are  about  equal  parts  of- 
feummings,  dunder,  and  water)  the  fermenta- 
tion begins  very  foon,  and  in  24  hours  the  li- 
quor is  fit  for  the  firft  charge  of  melafles, 
which  is  added  in  the  proportion  of  3 gallons 
for  every  too  gallons  of  the  liquor.  Another 
charge  is  added  in  a day  or  two  afterwards. 
The  heat  in  fermentation  ftiould  not  exceed 
90°  or  94°,  fo  that  in  this  climate  it  is  neceflary 
to  keep  the  fermenting  tubs  as  cool  as  poflible. 
The  fermentation  falls  in  fix  or  eight  days,  and 
the  liquor  grows  fine  and  fit  for  diftillation.  In 
about  two  hours  after  lighting  the  fire  the  fpirit 
begins  to  run  (in  a ftill  of  1200  gallons)  and  it 
Is  colledled  as  long  as  it  remains  inflammable. 

The  firft  fpirit  is  called  in  the  country,  loin 
wines,  and  it  is  redlified  in  a fmaller  ftill  to  the 
Jamaica  proof,  which  is  that  in  which  olive  oil 
will  fink.  About  220  gallons  of  proof  rum 
are  obtained  from  530  gallons  of  low  wines. 

SPIRIT  OF  LIBAVIUS.  See  Tin. 
SPIRIT  OF  MINDERERUS.  See  Ace- 

TiTE  of  Ammonia. 

SPIRIT  OF  NITRE.  See  Nitric  Acid. 

SPIRIT  OF  SALT.  See  Muriatic  Acid. 
SPIRIT  OF  SULPHUR,  or  of  VITRIOL. 
See  Sulphuric  Acid. 

SPIRIT  OF  TURPENTINE.  See  Tur- 

PENTINE. 

SPIRIT  OF  WINE.  See  Alcohol. 

SPIRITUS  RECTOR.  See  Aroma. 

SPONGE. 

This  fubftance  was  examined  by  Mr.  Hat- 
chett in  his  feries  of  valuable  experiments  on 
the  component  parts  of  animal  membrane.* 
When  fponge  has  been  immerfed  in  dilute  ni- 
tric acid  for  a fortnight,  the  acid  becomes  pale 
yellow  and  is  changed  to  an  orange  by  pure 

Ibid.  Mr.  Crookeen's  Mem* 
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ammonia.  The  fponge  after  this  procefs  be- 
comes more  or  lefs  tranfparent,  and  confiderably 
foftened,  and  is  then  compleatly  foluble  in  am- 
monia into  a deep  orange-coloured  liquor. 
When  digelled  wifli  boiling  diftilled  water, 
fponge  gives  out  a portion  of  gelatin,  which  is 
precipitated  by  infufion  of  oak -bark.  The 
fponge  by  lofing  its  gelatin,  becomes  much  lefs 
flexible  than  before,  and  is  eafily  torn  when 
moift,  or  crumbles  between  the  fingers  when 
dry.  When  fponge  either  in  its  natural  ftatc, 
or  efpecially  when  its  gelatin  has  been  extradfed 
by  long  boiling  with  water,  is  boiled  with  cauftic 
potafli,  it  compleatly  dilTolves  therein  and  forms 
an  animal  foap. 

Sponge,  when  heated  in  a clofe  veflel,  gives 
out  an  ammoniacal  fetid  fmoke,  and  is  reduced 
to  a black  charcoal,  which,  after  incineration, 
leaves  a fmall  quantity  of  common  fait  and  fome 
carbonat  of  lime. 

Charred  or  burnt  fponge  is  ufed  in  medicine. 

The  chief  conftituent  parts  of  fponge  there- 
fore are,  animal  gelatin,  and  that  condenfed 
albumen  which  Mr.  Hatchett  has  found  to  be 
the  principal  part  of  all  foft  membranous  organs, 
of  cartilage,  &c.  The  former  is  difl'olved,  though 
with  fome  difficulty,  in  boiling  water,  but  does 
not  yield  to  cold  water ; the  albumen  is  info- 
luble  in  water  at  any  temperature,  but  yields  to 
cauflic  alkali. 

STAHL’S  SULPHUREOUS  SALT.  See 
Sulphite  of  Potajh. 

STANGENSPATH.  See  Heavy  Spar, 
STALACTITE  7 

STARCH.  Amidon,  Fr.  Starkmehl,  Germ. 

Under  the  article  Feculoy  the  chemical  pro- 
perties of  the  ftarch,  or  fecula  of  all  vegetables, 
have  been  deferibed  ; we  have  therefore  only  in 
this  place  to  mention  fhortly  the  mode  of  manu- 
fadluring  the  common  ftarch  which  is  made, 
for  falc,  almoft  exclufively  from  wheat.  This 
grain  confifts  of  gluten,  fecula,  a colouring  ex- 
tra<ftive  matter,  and  phofphat  of  lime,  and  it  is 
the  obje£l  of  the  ftarch-maker,  to  feparate  the 
fecula  alone  from  all  the  other  ingredients. 
This  might  be  done,  one  would  think,  Amply 

grinding  the  wheat  into  very  fine  flour,  mix- 
ing the  flour  with  water  into  a ftiff  pafte  with 
much  beating,  and  then  expofing  this  pafte  with 
uninterrupted  agitation  to  a gentle  current  of 
pure  water,  which  would  run  off  milky  with 
the  ftarch  as  long  as  any  of  it  remained  in  the 


pafte,  and  the  gluten  alone  would  be  left  be- 
hind. This  milky  water  would  depofit  tire 
ftarch  by  remaining  at  reft  for  a time. 

A fimilar  method  is  followed  in  the  fmall 
way  in  making  potatoe  ftarch,  as  mentioned 
under  the  article  fecula,  only  with  lefs  labour, 
as  this  contains  no  gluten. 

Wheat  ftarch  is  not  made  however  exa£lly  ia 
this  Ample  way,  but  the  grain  after  being  coarfely 
ground,  is  fuffered  to  ferment  or  mould  with 
water  for  many  days,  by  which  its  texture  is  en- 
tirely broken  down,  and  the  ftarch  which  is 
fcarcely  alterable  in  the  procefs,  is  probably 
more  effedlually  feparated  from  all  the  other 
ingredients,  and  obtained  finer  and  whiter.  The 
acftual  method  is  (in  a few  words)  the  follow- 
ing:® The  wheat  is  firft  coarfely  bruifed,  and 
placed  in  large  wooden  vats  or  refervoirs,  water- 
tight, and  intimately  mixed  with  water.  Here 
a fermentation  begins  after  a time,  which  is  a 
mixture  of  the  vinous  and  acetous,  and  is  at- 
tended with  a ftrong,  unpleafant,  four,  mouldy 
fmell.  The  wheat  remains  in  the  vat  for  about 
a fortnight,  till  the  fermentation  ceafes,  which 
is  known  by  its  fettling  at  the  bottom  of  the  vat. 
The  contents  are  then  emptied  fucceffively  into 
a fmall  tub,  and  mixed  with  frefh  water,  till  all 
the  pulpy  part  is  thin  enough  to  pafs  through  a 
hair  fieve,  which  feparates  the  bran  from  it. 
What  has  gone  through  contains  the  ftarch  fuf- 
pended  in  a very  four  water,  and  confiderably 
foul.  This  is  put  into  tubs  or  frames,  and  al- 
lowed to  remain  for  two  days  undifturbed,  during 
which  the  impure  ftarch  fettles  to  the  bottom. 
The  water  is  then  drawn  off,  the  frames  turned 
on  their  fides,  and  the  dirty  difcoloured  part  of 
the  ftarch  (which  is  the  laft  that  fubfides  and 
therefore  is  at  the  top)  is  feraped  off,  and  the 
remaining  ftarch  is  well  wafhed  and  bruflied, 
till  it  is  nearly  free  from  this  muddy  fediment, 
which  is  called  fimes,  and  is  treated  feparately 
to  obtain  its  ftarch.  The  ftarch  is  ftirred  with 
frefh  water,  and  fuffered  to  fettle,  and  again 
cleanfedj  till  all  its  impurities  are  removed,  and 
is  then  mixed  with  water  enough  to  make  it 
liquid,  and  paffed  through  a fine  lawn  fieve.  It 
is  then  fit  to  receive  its  colour,  which  confifts 
of  fmalt  mixed  with  water  and  a fmall  quantity 
of  alum,  and  is  thoroughly  incorporated  with  the 
ftarch.  After  again  fettling,  the  ftarch  is  taken 
out  and  put  into  oblong  boxes,  about  fix  feet 
long  and  one  broad,  with  holes  at  the  bottom, 
and  lined  with  linen  cloth,  where  the  moifture 
of  the  ftarch  drains  off  till  it  becomes  folid 
enough  to  be  cut  into  fquare  lumps.  Thefe  are 


• Original  Communication. 


2 U 2 


S T A 


S T A 


( 540  ) 


laid  on  new  bricks  which  abforb  much  of  their 
moifture,  and  make  them  hard  enough  to  be 
Ifoved.  Here  the  ilarch  remains  in  a moderate 
heat,  till  a fiimy  cruft  rifes  to  the  furface,  which 
is  carefully  fcraped  off,  and  the  reft,  which  is 
now  perfectly  pure  ftarch,  is  papered  and  placed 
again  in  the  ftove  with  a good  hot  fire,  till  quite 
dry.  This  laft  ftoving  caufes  the  lumps  to  crack 
pretty  uniformly  into  the  fmall  pieces  in  which 
they  appear  when  fold.  The  Jlimes  are  all 
treated  in  the  fame  way  till  all  the  ftarch  is  got 
from  them.  All  the  refufe  matter  from  ftarch 
making  makes  very  valuable  food  for  fattening 
hogs.  The  whole  time  of  making  ftarch,  from 
the  firft  fteeping  of  the  wheat  to  the  laft  ftoving, 
is  about  fix  weeks;  and  551  Winchefter bufhels 
of  wheat  will  make  about  fix  ton  of  ftarch.  This 
will  be  about  of  the  entire  weight  of  the 
wheat. 

In  the  procefs  of  ftarch-making  a great  quan- 
tity of  a four  naufeous  milky  water  is  obtained, 
from  which  the  ftarch  fubfides  after  it  is  firft 
removed  from  the  fermenting  vat.  This  has 
been  analyzed  with  great  care  by  Vauquelin, 
with  the  following  refults. 

This  liquor  has  an  acid,  and  at  the  fame  time 
a fpirituous  flavour,  it  ftrongly  reddens  litmus, 
gives  a precipitate  with  lime-water,  which  an 
cxcefs  of  the  liquor  re-diflblves.  Alcohol  added 
to  it  gives  a white,  light,  foft  precipitate.  Ox- 
alic acid  alfo  gives  a precipitate,  M'hich  fhews 
that  the  acid  contained  in  the  liquor  is  not  the 
oxalic. 

A quantity  of  this  liquor  was  diftilled.  The 
firft  produdt  was  fenfibly  fpirituous,  and  yielded 
on  rectification  a notable  quantity  of  pretty  pure 
alcohol.  After  this,  an  acid  liquor  cam.e  over, 
which  gave  a fait  refcmbling  exactly  acetite  of 
lead  when  faturated  with  litharge,  acetite  of 
lime,  with  lime,  and  therefore  was  acetous  acid. 
The  rcfulue  in  the  retort,  after  molt  of  the  liquor 
had  diftilled  off,  was  reddifli-hrown,  had  a very 
four  tafte  mixed  with  that  of  burnt  bread,  and  a 
fyru^  confiftence.  It  was  filtered,  and  the 
clear  liquor  gave  with  lime-water  an  abundant 
precipitate,  which  an  excefs  of  the  liquor  re- 
diffolved  ; with  cauftic  alkalies  a fimilar  preci- 
pitate was  alfo  formed,  along  with  an  obvious 
predudtion  of  ammonia  ; and  with  oxalic  acid, 
oxalat  of  lime  was  produced.  With  the  folu- 
tions  of  lead  a white  precipitate  fell  down,  and 
this  latter  decompofed  by  fulphuric  acid,  gave 
another  acid  which  in  every  refpedl  agreed  with 
the  phofphoric. 

The  ftarch -fours  therefore  contain,  befides  a 
vifible  white  matter  feparable  by  filtering,  a 


quantity  of  phofphat  of  lime  and  ammonia, 
both  held  in  folution  by  the  acetous  acid  which 
is  generated  fo  abundantly  by  the  fermentation. 
A peculiar  animal  matter  is  alfo  found  in  this 
acid  liquor,  wdiich  feems  to  refemble  and 

therefore  which  only  belongs  to  that  ftarch 
which  is  made  from  wheat  flour. 

This  liquor  therefore  contains  the  five  follow- 
ing fubftances,  viz.  acetous  acid,  ammonia, 
alcohol,  gluten,  and  phofphat  of  lime,  but  of 
thefe  only  the  two  laft  are  natural  to  the  wheat; 
the  others  are  the  produdls  of  the  fermen- 
tation, the  ammonia  being  generated  by  the  de- 
compofition  of  part  of  the  gluten,  the  alcohol 
by  the  faccharine  mucilage  w'hich  all  grain  con- 
tains, and  the  acetous  acid  perhaps  from  all  the 
other  principles.  The  peculiar*  oifico  which  this 
acid  performs  in  ftarch-making  is  to  difiblrc 
the  gluten  and  phofphat  of  lime,  and  thus  to 
feparate  them  from  the  pure  ftarch.  Hence 
when  wheat  is  the  grain  employed,  arifes  the- 
ncceflity  of  continuing  the  fermentation  long 
enough  to  generate  a fufficient  quantity  of  ace- 
tous acid  ; for  the  other  grains  and  roots  w'hich 
yield  ftarch  contain  little  or  no  gluten.  A con- 
fiderable  quantity  however  of  the  ftarch  muft 
be  deftroyed  in  the  procefs,  for  wheat  contains 
much  more  of  it  than  is  obtained  in  manu- 
fadture,  as  may  be  found  by  wafliing  flour  pafte 
with  w'ater  in  the  way  mentioned  in  the  begin- 
ning of  this  article. 

STAUROLITE.  Granatite,  Baujfure  and 
TVern,  Staurotide,  Hauy> 

Its  colour  is  reddifli  or  blackiflr-brown.  It 
occurs  always  cryftallized.  The  form  of  its 
cryftals  is  a hexahedr.d  prifm,  of  w’-hich  four 
faces  are  by  much  the  largeft  and  meet  in  pairs, 
forming  two  obtufe  oppofitc  angles,  mcafuring 
129°.  This  prifm  is  cither  entire  or  truncated 
on  the  obtufe  angles.  It  is  not  uncommon  to 
find  two  cryftals  penetrating  each  other  ob- 
liquely or  at  right  angles,  fo  as  to  form  a crofs; 
fometimes  even  three  prifms  are  thus  arranged, ' 
forming  a triple  crofs.  Its  furface  is  fmootli 
or  uneven,  and  its  luftre  varies  accordingly. 
Internally  it  is  more  or  lefs  fnining,  with  a 
luftre  between  vitreous  and  refinous.  Its  frac- 
ture parellel  to  the  axis  is  imperfedlly  lamellar  : 
in  the  oppofite  diredHon  it  is  fmall-grained  un- 
even, paifing  to  conchoidal.  It  is  brittle,  and 
fomewhat  harder  than  quartz.  Sp.  gr.  3.28. 

When  expofed  to  the  blowpipe  it  undergoes 
no  other  change  than  that  of  fritting  a little  on 
its  furface.  Its  component  parts  according  to 
an  analyfis  by  Vauquelin,  are 
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33-  Silex_ 

44.  Alumiue 
3.84  Lime 
13.  Oxyd  of  Iron 

I.  Oxyd  of  mangcmefe 


94.84 
Lofs  5.16 
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It  is  found  in  St.  Gothard  In  Switzerland, 
in  fmall  cryllaLs  imbedded  in  micaceous  fchiftus, 
and  accompanied  with  cyanite  ; in  Brittany  near 
Quimper,  in  middling  fized  cryflals;  imbedded 
in  a micaceous  clay,  apparently  produced  by  the 
decompofition  of  foine  primitive  rock  : alfo  at 
Sant  Jago  of  Compoftella,  in  a primitive  rock. 

STAUROTIDE.  See  the  preceding  article. 

STEATITE.  Speckftcin,  Wern.  Soapftone, 
Spanifli  Chalk,  Craie  de  Brian^on. 

Its  colour  is  greyidi,  greenifli,  yellov.'ifli,  or 
reddilh-white,  alfo  llefli-red,  mountain-green, 
and  olive-green  ; the  whitilh  varieties  generally 
contain  black  dendritical  figures  and  fpots.  It 
occurs  in  mafs,  dilfeminated,  invefting  and 
cryftallized.  The  forms  of  its  cryftals  are  a 
lix-fided  prifm, terminated  by  fix- Tided  pyramids; 
alfo  a re£tangular  and  rhomboidal  four-fided 
prifm  ; alfo  a double  fix-fided  pyramid.  It  is 
probable  however  that  feveral  if  not  all  of  thefe 
are  pfeudomorphous.  The  cryftals  are  fmall  and 
middlefized,  generally  imbedded  in  the  maffive 
kind,  and  are  very  rare.  Internally  it  is  dull, 
or  at  moft  faintly  glimmering.  Its  fradlure  is 
coarfe  fplintery,  rarely  earthy,  and  fometimes 
intermediate  between  coarfe  fibrous  and  foliated. 
It  is  tranflucent  on  the  edges,  rarely  tranflucent.  - 
It  is  foft  and  very  foft,  gives  a finning  ftreak, 
may  be  cut  with  a knife,  is  not  very  frangible, 
is  very  umftuous  to  the  touch  like  foap.  Sp. 
gr.  2.64.  Before  the  blowpipe  it  becomes  hard 
and  generally  lofes  its  colour,  but  is  not  fufible 
without  addition. 

The  fteatite  of  Bareuth,  according  to  the 
analyfes  of  Klaproth  and  Wiegleb,  confifts  of 
the  following  ingredients. 

Klap.  Weigh 
59-5  — 58.33  Silex 

30.5  — 39- 1 <5  Magnefia 

2.5  — 2.5  Oxyd  of  iron 

5.5  — o.  • Water 


98.0  99-89 
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The  fteatite  of  Cornw’all,  according  to  Klap- 
roth, confifts  of 

48  Silex 

20.5  Magnefia 
14.  Alumine 

I . Oxyd  of  iron 

15.5  Water 

99-0 

It  occurs  In  beds  and  veins  in  ferpentinc, 
alfo  in  nodules  in  various  other  rocks,  particu- 
larly thofe  of  the  Floctz-trap  formation.  It  is 
found  in  Cornwall  at  the  Lizard  Cape,  imbedded 
in  Terpentine,  alfo  at  Portfoy,  in  Scotland,  in 
Terpentine,  and  in  the  Ifle  of  Skye  in  wakke. 
It  abounds  in  the  principality  of  Bareuth,  in ' 
Saxony,  Bohemia,  Norw'ay,  Sweden,  and' 
France. 

The  white  varieties  and  thofe  that  become  fo 
by  calcination,  are  employed  in  the  manufac- 
ture of  the  fineft  porcelain.  Other  varieties 
are  faid  to  be  ufed  for  fulling. 

STEEL.  See  Iron; 

STEEL  ORE. 

A common  name  for  fpathofe  iron  ore  : fee 
Iron,  p.  516. 

STILL.  An  article  of  chemical  apparatus. 
See  the  Appendix. 

STINKS  FEIN.  See  Swinstone. 
STILBITE.  See  Zeolite. 
STRAHLSTEIN.  Actynolitey  KIrw.  Ac- 
timte^  Hauy.  Rayonnante,  Broch. 

Of  this  mineral  there  are  the  three  followlnc 

c 1 ° 

lublpecies. 

I.  Subfp>  Conimon  Strahlftein. 

Its  colour  is  olive  or  leek  green,  mountain 
green,  blackifti  green,  reddifh,  yellow-ifti,  or 
greenifii  white,  liver  brown,  and  reddifti  brown. 
It  occurs  in  mafs,  difleminated  or  cryftallized. 
The  primitive  form  of  its  cryftals  Is  a very 
oblique  rhomboidal  prifm,  the  alternate  angles 
of  which  are  124“  and  56®.  Sometimes  the  ■ 
prifm  is  truncated  on  its  acute  lateral  edges  as 
well  as  on  Its  terminal  angles  and  edges.  It  alfo 
occurs  in  flender  needle-fliaped  cryftals.  The 
cryftals  are  ftriated  longitudinally,  and  are  very 
brilliant  externally.  Internally  this  mineral  is 
more  or  lefs  flilning,  w'ith  a vitreous  luftre.  Its 
frafture  Is  broad  radiated,  either  parallel,  di- 
verging, bundled,  or  in  ftai's,  very  rarely  la- 
mellar. Its  fragments  are  fometimes  wedge 
fhaped,  but  more  commonly  Indeterminate, 
blunt  edged.  It  occurs  in  w^edge  fhaped  prlf- 
matic,  and  in  granular  diftinft  concretions. 
The  cryftals  are  tranflucent,  and  even  femi- 
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-tranfparent:  the  other  varieties  are  only  trans- 
lucent on  the  edges.  It  is  confiderably  hard 
and  brittle.  Sp.  gr.  3. — 3^3. 

It  is  fufible  before  the  blowpipe  into  a vi- 
treous fcoria  of  a black  or  grey  colour. 

Its  component  parts  according  to  Bergman  are 
64.  Silex 
20.  Magnefia 
2.7  Alumine 
9.3  Lime 
4.  Oxyd  cf  Iron 
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The  mafllve  varieties  occur  in  beds  in  primi- 
tive mountains,  accompanied  by  galena,  pyrites, 
and  magnetic  iron  ore;  the  cryftallized  varieties 
occur  in  dolomite,  foliated  talc,  and  in  veins  of 
the  oldell  formation,  accompanied  by  mica, 
ititanium,  &c.  It  abounds  in  the  Tyrolefe  Alps, 
particularly  in  the  Zillerthal,  aifo  in  the  Italian 
Alps,  in  Saxony,  in  Norway,  and  in  fome 
•parts  of  the  north  of  Scotland. 

2.  Sttbfp.  Albcftiform  Strahlftein. 

Its  colours  are  greyifli  or  greeniflr  white, 
roddifh  or  yellowifh  white,  olive  green,  moun- 
tain green,  fmalt  blue,  and  liver  brown.  It 
occurs  in  mafs,  difleminated,  and  fonietimes  in 
brilliant,  flexible,  elaftic,  capillary  cryftals. 
Internally  it  is  gliftening,  with  a pearly  luftre. 
Its  fra£Iure  is  divergingly  radiated,  or  flender 
fibrous.  It  occurs  in  coarfe  and  wedge  fhaped 
prifmatic  diftinft  concretions.  It  is  fometimes 
tranflueent  at  the  edges,  but  more  commonly 
opake.  It  gives  a greenilh  white  ftrerk;  is 
moderately  hard,  approaching  to  foft ; is  brittle 
but  not  very  frangible.  Sp.  gr.  2.5  to  2.9. 

It  is  fufible  before  the  blowpipe  without 
addition  into  a black  or  grey  fcoria. 

It  occurs  at  Rafchau  in  Saxony  mixed  with 
green  copper  ore  and  pyrites;  in  Bareuth, 
mixed  with  ferpentine  and  fteatite:  it  alfo  occurs 
in  the  Bannat. 

2-  Suh/p.  Glafly  Strahlftein.  EpiJotf  Hzuy. 
Acanticomtey — Aretidalke  of  fome  authors. 

Its  colour  is  olive  green,  palling  into  grafs 
green,  mountain  green,  and  brownilh  green. 
It  occurs  in  mafs,  or  cryftallized  in  hexahedral 
prifms,  often  laterally  aggregated.  The  furface 
of  the  cryftals  is  fmooth  and  brightly  fliining. 
Internally  it  is  more  or  lefs  Ihining  with  a 
vitreous  luftre,  Its  fra<3;ure  is  between  radiated 
and  fibrous.  It  occurs  in  flender  prifmatic,  or 
granular  diftindl;  concretions.  Its  fragments 
are  fplintery  and  wedge  lhaped.  It  is  tranflu- 
eent pafling  to  fcmitranfparent;  is  moderately 


hard,  very  brittle,  and  eafily  tangible.  Sp. 
gr.  2.9—3.49., 

The  Arendalite  has  been  analyzed  by  Vau- 
quelin,  and  the  epidot  of  the  Alps  by  Collet  des 
Cotils  with  the  following  refuUs. 

Vauq.  Coll. 

37  — 37  Silex  ^ 

21  — 27  Alumine 

15  — 14  Lime 

24  —17  Oxyd  of  Iron 

1.5  — 1.5  Oxyd  of  Manganefe 

98.5  — 96.5 

It  occurs  in  the  fame  fituatlons  as  the  com- 
mon ftrahlftein;  and  alfo  at  Arendahl  in  Norway 
in  veins  mixed  with  quartz,  garnets,  and  mag- 
netic iron  ore. 

There  Is  a great  analogy  between  the  feveral 
fub^ecies  of  ftrahlftein,  and  hornblende,  tre- 
molite  and  albeftus. 

STRONTIAN. 

This  alkaline  earth  was  firft  procured  from 
its  native  carbonat  found  at  ftrontian  in  Argyle- 
Ihire,  whence  its  name.  It  has  fince  been 
found  near  Briftol  and  in  various  other  places, 
combined  with  fulphuric  acid.  The  pure  earth 
may  be  obtained  either  from  the  carbonat  or  the 
fulphat  by  the  fame  procefles  as  thofe  employed 
in  procuring  pure  Barytes:  as  the  native  car- 
bonat of  ftrontian  is  however  confiderably  rarer 
than  the  carbonat  of  bai'ytes,  the  moft  econom- 
ical method  upon  the  whole  of  preparing  pure 
ftrontian  is  to  mix  the  native  fulphat  of  this 
earth  (being  previoufly  well  levigated)  with 
twice  its  weight  of  cryftallized  carbonat  of 
potafh,  and  expofe  the  mafs  to  a moderate  red 
heat  for  half  an  hour  in  a filver  crucible,  or 
boil  it  for  an  hour  with  diftilled  water.  By 
this  procefs  a double  decompofition  takes  place, 
the  fulphuric  acid  quitting  the  ftrontian  to  unite 
with  the  potafh,  while  the  carbonic  acid  of  this 
latter  combines  with  the  ftrontian;  the  mafs  is 
now  to  be  waflied  with  hot  water  till  the  fulphat 
of  potafh  is  dilTolved  out,  and  nothing  remains 
but  carbonat,  and  probably  a little  undecom- 
pofed  fulphat  of  ftrontian:  diluted  nitric  acid 
being  now  added,  nitrat  of  ftrontian  will  be 
contained  in  folution;  the  clear  filtered  liquor  by 
evaporation  and  cooling  will  depofit  the  fait 
which  it  contains  in  cryftals,  and  thefe  being 
ignited  in  a platina  crucible  till  the  acid  is  en- 
tirely decompofed  and  driven  off,  there  will 
remain  behind  a fomewhat  indurated  mafs  of  a 
grey  colour,  which  is  pure  ftrontian. 

Strontian  has  a hot  pungent  acrid  tafte  great- 
ly refembling  that  of  quicklime;  when  expofed 
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io  the  air  It  foon  abforbs  moiflure  and  falls  to 
pieces,  and  in  a few  days  after  becomes  faturated 
with  carbonic  acid.  If  water  is  poured  upon  it 
when  recently  calcined,  the  fluid  is  eagerly 
abforbed,  a copious  extrication  of  heat  takes 
place,  and  the  mafs  falls  into  a bulky  powder. 
Strontian  is  not  very  foluble  in  cold  water,  an 
ounce  of  this  fluid  at  6o»  taking  up  no  more 
than  2.7  grs.*  This  folutlon  is  perfectly  clear 
and  limpid  j it  taftes  like  limewater  and  changes 
vegetable  blues  green  like  the  other  alkaline 
fubftances.  On  expofure  to  the  air  it  becomes 
covered  with  a pellicle  of  regenerated  carbonat 
of  ftrontian,  which  being  removed  or  falling  to 
the  bottom,  another  fucceeds,  and  fo  on  till  the 
whole  of  the  earth  is  precipitated  in  the  ftate  of 
carbonat.  Boiling  water  however  takes  up  a 
much  larger  proportion  of  ftrontian  than  cold 
does,  in  confequence  of  which  as  the  folution 
cools  it  depofits  the  excefs  of  this  earth  in  a 
cryftalline  ftate.  The  forms  of  thefe  cryftals 
are  quadrangular  plates  either  plane  or  bevilled 
at  the  edges,  or  cubes  or  parallelepipeds. 

Thefe  cryftals  by  expofure  to  the  air  become 
of  an  opake  white  colour,  and  foon  fall  to  pow- 
der: by  this  change  they  lofe  about  10  per  cent, 
notwithftanding  the  large  quantity  of  carbonic 
acid  that  they  imbibe:  this  lofs  is  entirely  water, 
the  recent  cryftals  containing  full  68  per  cent, 
of  this  ingredient.  Of  thefe  cryftals  one  ounce 
of  water  at  60*  will  diflblve  8.5  grs.  and  the 
fame  quantity  when  boiling  will  take  up  no  lefs 
than  218  grs. 

Strontian  combines  with  all  the  acids,  form- 
ing with  them  neutral  falts.  which  though  they 
bear  a general  refemblance  to  thofe  of  barytes, 
yet  differ  from  them  in  various  particulars,  for 
an  account  of  which  we  rVfer  to  the  falts 
themfelves. 

Silex  and  alumine  are  rendered  foluble  in 
water  by  means  of  ftrontian  in  the  fame  manner 
as  by  the  fixed  alkalies  and  barytes,  only  a 
larger  proportion  is  required  of  ftrontian  than 
of  the  reft.  Sulphur  combines  with  ftrontian 
by  fufion,  into  a fulphuret,  or  by  boiling  with 
a folution  of  this  earth,  into  a hydrofulphuret. 
The  fulphuretted  hydrogen  that  is  difengaged 
from  either  the  one  or  the  other  on  the  addntion 
of  muriatic  acid,  carries  off  with  it  a little 
ftrontian,  and  in  confequence  burns  with  a red 
purple  flame  inftead  of  the  blue  flame  of  pure 
fulphuretted  hydrogen. 

Alcohol  takes  up  a fmall  proportion  of  ftron- 
tian, and  in  confequence  burns  with  a purple 


flame:  this  chara£ler  in  particular  diftingulfties 
it  compleatly  from  barytes  which  communicates 
a pale  yellow  colour  to  the  flame  of  alcohol. 

Strontian  when  expofed  to  the  blowpipe  is 
not  fufible  as  barytes  is,  but  it  emits  during  the 
a£Hon  of  the  flame  an  intenfely  dazzling  white 
light.  For  further  particulars  of  refemblance 
and  difference  between  thefe  two  earths,  fee 
Barytes. 

The  order  of  affinity  between  ftrontian  and- 
the  feveral  acids  is  thus  ftated  by  Dr.  Hope: 
fulphuric,  oxalic,  tartaric,  fluoric,,  nitric,  mu- 
riatic, fuccinic,  phofphoric,  acetic,  arfenic, 
boracic,  carbonic. 

The  affinity  of  barytes  for  the  acids  appears 
to  be  in  all  cafes  greater  than  that  of  ftrontian 
for  the  fame:  but  this  latter  on  the  other  hand 
generally  takes  the  precedence  of  the  fixed 
alkalies,  efpecially  where  the  refulting  ftrontian- 
fait  is  much  lefs  foluble  than  the  correfponding 
one  of  potafh  or  foda.  But  in  the  attraftion 
for  nitric,  muriatic,  acetic,  and  fuccinic  acids, 
the  fixed  alkalies  are  confidered  as  fuperior  to 
ftrontian.  The  decompofitlon  how'ever  which 
they  are  able  to  effe£l;  of  thefe  ftrontitic  falts  is 
very  imperfedt,  as  was  firft  fhown  in  the  cafe 
of  muriatic  acid  by  Dr.  Hope.  This  able 
chemift  diflblved  200  grs.  of  native  carbonat  of 
ftrontian  in  muriatic  acid  diluted  with  an  equal 
bulk  of  water,  and  when  the  folution  was 
compleat,  he  added  an  excefs  of  liquid  potafh, 
but  no  more  than  24  grs.  of  ftrontian  were 
precipitated;  he  then  poured  in' carbonated 
potafti,  and  170  grs.  of  carbonated  ftrontian 
were  obtained.  The  fame  experiment  was 
repeated,  except  that  the  cauftic  potafh  was 
dropped  in  very  flowly,  by  which  procefs  74  grs. 
of  ftrontian  were  depofited,  and  the  fubfequent 
addition  of  carbonated  alkali  threw  down  132 
grs.  more  of  carbonated  ftrontian. 

STRONTIANITE.  Strontiamt,  Wern. 

Its  colour  is  clear  afparagus  green,  paffing 
to  greenifh  or  yellowifh  white,  or  apple  green. 
It  occurs  in  mafs,  the  rifts  or  cavities  of  which 
are  often  lined  with  bundles  of  acicular  cryftals 
the  form  of  which  approaches  to  the  four  or 
fix-fided  prifm.  Its  longitudinal  fracture  is 
narrow,  ftrait,  and  divergingly  radiated;  with 
a fhining  pearly  luftre:  the  crofs  fradtura  is 
fine-grained  uneven,  paffing  to  fplintery,  and 
its  luftre  is  only  glimmering.  Its  fragments  are 
wedge-fhaped  or  indeterminate.  It  occurs  in 
thin  fcapiform,  and  wedge-fhaped  diftin£I  con- 
cretions. It  is  more  or  lefs  tranflucent,  fome- 
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<imcs,  in  thin  pieces,  femi-tranfparcnt:  it  is  mo- 
derately hard,  brittle,  and  eafdy  frangible.  'Sp. 
gr..  3-^7  Klapr,  3.4 — 3‘*^4  Kir’iu. 

Before  the  blowpipe  it  becomes  white,  and 
calcines,  but  does  not  melt.  When  ftrongly 
heated  in  a clay  crucible  it  runs  into  a denle, 
hard,  clear,  yellowilh  green  glafs,  with  a lofs  of 
30  per  cent.  When  intenfely  heated  in  a char- 
coal crucible,  it  becomes  of  a grey  colour,  and 
iofes  31  per  cent,  of  its  original  weight,  but 
does  not  melt.  In  diluted  nitric  or  muriatic 
aicids  it  dilTolves  .readily  with  a copious  efl'er- 
vefcenee. 

It  has  been  anrdyfed  by  Hope,  Klaproth,  and 


Pelletier, 

with  the  following  reiults: 

Hope. 

Klapr. 

Pellet. 

61 .21 

— 69.5 

— 62  Strontian 

30.2 

— 30. 

— 30  Carbonic  acid 

8.59 

— 0.5 

— 8 Water 

too 

100 

too 

It  has  hitherto  been  found  only  at  Strontian 
in  Argyleihire,  in  a vein  palling  through  gneifs, 
and  accompanied  by  galena,  heavy  Ipar,  calca- 
reous fpar,  and  iron  pyrites. 

STYRAX.  See  tlie  articles  Resin  and 
Benzoic  Acid. 

SUBERIC  ACID.  S“e  Cork. 
SUBLIMATE  CORROSIVE.  See  Mer- 
cury, Mu  rial  of. 

SUBLIMATION.  SubnmWcn,  Germ. 

Sublimation  is  in  the  dry  way  what  diltilla- 
^ion  is  in  the  moiil.  Thus  If  a fmall  quantity 
of  fal  ammoniac  is  put  into  a flafk,  and  heat  is 
applied  at  the  bottom,  the  entire  fait  rifes  In  the 
form  of  white  fmoke,  and  condenfes  in  the  up- 
per part  of  the  flask  in  the  form  of  minute 
cry ftal line  particles,  whicli  is  a fuhlimate. 

Sublimation  is  conveniently  performed  in 
the  fmall  way  in  common  flasks,  efpecially  the 
Florence  oil  flasks,  which  being  of  green  glafs, 
bear  a low  red  heat  very  well. 

In  the  large  v/ay,  as  in  the  making  of  cam- 
phor or  fal  ammoniac.  It  is  alfo  performed  in 
very  large  glafs  globes  or  earthen  cucurbits,  or 
fometimes,  though,  rarely,  an  a feries  of  earthen 
veflels  called  Aludelsy  for  which  fee  the  Aj>- 
pendix. 

SUCCINIC  ACID.  See  Amber. 

SUGAR.  Surrp,  Fr.  Zucker,  Germ. 

Sugar  if  pure  is  a fubflance  perfecHy  tranf- 

• Edwards’s  Hillory 


parent  and  colourlefs  when  cryftalllzed,  but 
when  granular,  of  a pure  g'ofly  white,  foluble 
in  water  and  alcohol,  without  fmell,  and  with 
the  tafte  of  fimple  fweetnefs  without  any  other 
flavour  whatever.  It  melts  by  heat  into  a 
clear  yellowlflr  tenacious  liquid,  and  when 
kindled  burns  with  a ftrong  flame,  and  a very 
pungent  acid  vapour.  With  the  nitric  acidut 
is  convertible  chiefly  into  the  oxalic  acid.  It 
is  a mofl  powerful  antifeptic,  and  is  one  of  the 
mofb  grateful,  and  (when  in  mixture)  one  of 
the  moll  nutritive  of  all  the  alimentary  fub- 
ftances  derived  from  the  vegetable  kingdom. 

Sugar  Is  never  found  pure  and  very  rarely  in 
a ftate  approaching  to  purity,  for  it  is  alwavs 
intimately  combined  with  mucilage  and  other 
vegetable  principles,  to  which  it  largely  imparts 
its  peculiar  tafte. 

Sugar  is  very  extenfivcly  diffufed  over  the 
V i getable  kingdom  : in  general  it  is  elaborated 
b / the  growth  of  the  plants  that  yield  it,  being 
chiefly  found  when  the  vegetable  has  arrived  at 
the  ftaiie  of  maturity. 

The  great  fources  of  fugar  are,  the  common 
juice  or  fap  of  plants,  as  in  the  fugar-cane,  and 
maple  fap,  — the  ripe  fruit,  as  in  the  grape, 
date,  fig,  in  all  of  which  it  exfudes  and  efflo- 
refees  on  the  furface  when  kept  dry  — and 
the  root  (though  in  much  fmaller  quantity)  as 
in  the  beet  and  parfnip.  It  is  alfo  elaborated 
during  the  firfl  germination  of  mofl  grains, 
particularly  barley,  as  is  feen  in  the  procefs  of 
malting. 

Sugar  is  fcarcely  if  at  all  contained  In  any 
part  of  the  animal  kingdom  (honey  belonging 
certainly  to  the  vegetable)  except  in  milk,  and 
in  the  urine  during  that  Angular  difeafe,  the 
diabetes  mellltus. 

As  almofl  all  the  fugar  ufed  by  man  is  ob- 
tained from  the  fugar-cane,  we  fhall  firfl  de- 
feribe  the  whole  procefs  of  obtaining  it  from 
this  mofl  excellent  vegetable,  and  alfo  from  a 
few  other  fources  though  of  trifling  importance 
compared  with  the  firfl. 

The  fugar  cane“  ( Zaccharum  Aruiid'inaceum ) 
is  a jointed  reed  terminating  in  fharply  ferratetl 
leaves.  'I'he  body  of  the  cane  is  flrong,  brittle, 
and  when  ripe  of  a fine  flraw-colour,  and  it 
contains  a foft  pithy  fubflance  which  affords  a 
large  quantity  of  that  Iweet  lufeious  agreeable 
juice  from  which  the  fugar  is  manufactured. 
'Fhe  average  height  of  the  mature  cane  varies 
from  3-f  to  7 feet,  or  fometimes  much  higher, 
and  In  rich  lands  it  puts  forth  a prefufion  of 
fuckers  from  which  tlie  plant  is  propagated. 

of  the  Weft  Indies 
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Tlie  entire  cultivation  of  the  fugar-cane  Is 
■laborious  and  expenfive,  but  does  not  belong  to 
the  prefent  fubjedt.  The  canes  when  ripe  are 
cut  clofe  to  the  root  and  are  pafled  between  iron 
cylinders  in  a very  powerful  mill,  by  w'hich 
all  the  juice  is  prefled  out,  and  the  cane  itfelf 
is  fb  broken  down  and  comprefl'ed  as  to  be 
quite  dry  and  powdery.  It  is  then  called  ca>te 
trajhf  and  is  ufed  as  fuel  in  the  fubfequent 
operations. 

The  cane  juice  confifls  of  water,  holding  dif- 
folved  a quantity  of  pure  fugar,  of  tenacious 
mucilage,  and  of  eflential  oil,  but  no  very  exa<£l 
chemical  analyfis  has  been  made  of  it.  The 
proportion  of  fugar  in  good  cane  juice  may  be 
reckoned  about  one-eighth  in  weight,  for  (in 
Jamaica  at  leafl)  a pound  of  fugar  from  a gal- 
lon of  juice  is  reckoned  a good  yield.  The 
juice  befides  has  many  impurities  fufpended  in 
it,  fuch  as  pieces  of  the  cane  leaf  and  ftalk, 
a black,  hard,  probably  filiceous  cruft,  w'hich 
furrounds  the  joints  of  the  cane,  and  common 
dirt  of  the  foil.  It  Is  the  obje<2:  of  all  the  fub- 
fequent procefs  to  feparate  the  pure  faccharine 
part  from  the  other  ingredients. 

As  cane  juice  is  extremely  liable  to  ferment- 
ation, it  could  not  remain  at  reft  in  any  quan- 
tity for  twenty  minutes  without  fermenting, 
therefore  the  canes  are  both  prefled  as  foon  as 
cut,  and  the  juice  pafles  to  the  boiler  immedi- 
ately after  it  is  delivered  from  the  mill.  The 
boilers  are  large  copper  pans  called  clarifiersy 
with  a fire  beneath,  the  fuel  of  which  is  the 
cane  trafli.  When  the  clarifier  is  filled  and 
the  fire  lighted,  the  temper y which  is  Bris- 
tol lime  flacked  till  it  falls  to  powder.  Is  added, 
with  the  intention  of  neutralizing  the  fuper- 
abundant  acid  fuppofed  to  exift  in  the  juice. 
From  half  a pint  to  a pint  of  lime  is  allowed 
for  every  too  gallons  of  liquor.  As  the  liquor 
grows  hot  a thick  fcum  rifes  to  the  furface, 
and  the  heat  is  raifed  nearly  to  boiling,  but  not 
'entirely,  that  the  agitation  of  boiling  may  not 
break  the  fcum  and  again  mix  it  with  the  li- 
quor. After  about  forty  minutes  from  filling 
the  copper  the  fire  is  damped,  and  when  the 
liquor  has  remained  at  reft  for  an  hour,  the 
clear  part  is  drawn  off  with  a fyphon,  the  fcum 
falling  down  unbroken  to  the  bottom.  The 
liquor  (if  the  canes  were  good)  is  now  clear 
and  nearly  tranfparent,  and  pafles  immediately 
to  the  grand  or  evaporating  copper.  Here  the 
juice  is  brought  to  boil  as  foon  as  polfible,  and 
as  the  fcum  rifes  it  is  continually  taken  off,  till 
the  liquor  is  fufficlently  reduced  by  evaporation 
10  be  contained  in  a fecond  and  fmaller  copper 
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into  which  It  pafles,  and  where  it  is  further 
reduced  by  boiling,  with  occafional  addition  of 
lime-water  if  it  continues  foul,  till  the  quantity 
is  no  greater  than  will  fill  the  laft  and  fmaileft 
copper  called  the  teache  where  the  laft  evapora- 
tion is  condudfed.  The  colour  of  the  juice 
progreflively  deepens  as  it  becomes  more  con- 
centrated. In  the  teache  the  juice  is  evaporated 
till  it  becomes  extremely  thick  and  tenacious, 
and  is  now  fo  faturated  with  fugar  that  the 
latter  will  feparate  in  diftinff  grains  on  cool- 
ing. The  way  of  judging  when  the  thickening 
of  the  hot  liquor  has  arrived  at  this  point  is,  to 
take  up  a little  of  it  with  a ladle,  and  as  it  cools, 
to  moiften  the  finger  and  thumb  with  it,  and 
draw  it  out  in  a thread  till  it  breaks,  the  length 
of  which  depends  on  the  thicknefs  of  the 
liquor. 

The  whole  of  the  contents  of  the  teache  arc 
then  emptied  into  fhallow  wooden  coolers, 
where  the  fugar  grains  or  runs  into  a coarfe 
irregular  mafs  of  imperfedi  cryftals  involved  in. 
a dark  treacly  fluid. 

The  fugary  mafs  is  then  pafled  to  the  curing 
houfe,  which  is  a large  airy  building,  provided 
with  a capacious  ciftern,  the  fides  of  which  are 
floped  and  lined  with  tarrafs.  Over  this  ciftern 
is  a frame  of  mafly  joift-work,  on  which  are 
arranged  a number  of  empty  hoglheads  with- 
out headings,  in  the  bottoms  of  which  holes 
•are  bored,  through  each  of  which  the  ftalk  of  a 
long  plantain  leaf  is  thruft,  that  ferves  as  a 
ftrainer.  The  granular  mafs  of  fugary  extradf 
is  then  laded  out  of  the  coolers  into  thefe 
hogflieads,  where  the  melafles  or  treacley  part 
gradually  oozes  through  the  fpongy  ftalk  of  the 
plantain,  and  drops  into  the  ciftern  below,  and 
the  granulated  fugar  remains.  In  about  three 
weeks  the  fugar  is  tolerably  dry  and  fair,  and  is 
then  fit  for  exportation  as  Rava  or  Mufeovadj 
Sugar. 

Raw  fugar  is  a yellow  granular  mafs,  more 
or  lefs  brown  according  to  its  purity,  clammy 
to  the  touch,  refembling  coarfe  fand  in  appear- 
ance, and  evidently  compofed  of  roundifti 
grains  of  fugar  of  different  fizes  and  hardnefs. 

All  the  fubfequent  refining  of  raw  fugar  to 
bring  it  to  the  ftate  fit  for  confumption  is  per- 
formed in  this  country,  but  in  the  French 
Weft  India  Iflands,  much  of  the  raw  fugar  un- 
dergoes the  further  operation  of  claytngy  by 
which  it  is  purified  to  a great  degree,  and  be- 
comes whiter  and  cleaner  by  the  feparation  of 
a large  portion  of  the  melafles,  and  Is  univer- 
fally  ufed  in  that  ftate  to  fweeten  cofl'ee  and  for 
moft  domeftic  purpofes.  This  procefs  produces 
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the  mold  granular  fugar,  fimilar  to  that  called 
ill  this  country  Ltpcti  ftigar^  which  is  highly 
agreeable  and  ufeful,  though  it  is  far  fliort  of 
the  purity  of  the  loaf  fugar.  The  clayed  or 
Lifbon  fugar  Is  made  in  the  following  way ; A 
c^uantity  of  fugar  from  the  cooler,  inftead  of 
going  to  the  common  curing  houfe,  is  put  into 
conical  earthen  pots  with  the  points  (perfo- 
rated w’ith  a fmall  hole)  fet  downwards  and 
immerfed  a little  way  in  other  earthen  jars  to 
receive  the  drippings.  This  hole  is  at  find 
clofed  with  a plug,  till  the  warm  thick  fugar 
liquor  has  become  folid  by  cooling,  w-hich  is 
kaown  by  the  cruft  at  top  falling  in.  The  plug 
is  then  drawn,  and  the  fyrup  allowed  to  drain 
into  the  pots  below  for  ten  or  twelve  hours. 
After  this,  fome  clay  mixed  with  water  to  the 
thicknefs  of  cream  is  poured  on  the  top  of  the 
congealed  fugar,  and  the  water  from  the  clay 
oozing  down  through  the  fugar,  carries  out 
with  it,  at  the  plug  hole,  moft  of  the  melaffes 
that  the  mere  draining  w'ould  not  feparate. 
The  claying  is  repeated  a fecond  or  third  timcj 
by  which  the  fugar  remaining  beneath  it  Is 
made  very  white  and  pure.  The  pots  remain 
for  tw'enty  days  in  this— fittration,  after  which 
the  fugar  is  taken  out,  dried  in  the  fun  for 
fome  hours,  and  then  taken  to  a large  ftove- 
room,  where  it  is  kept  in  a pretty  ftrong  heat 
for  three  weeks. ^ 

The  Cochin  Chiriefe  prepare  a very  excellent 
moift  fugar  remarkably  cheap,  by  a very  fimple 
procefs  which  a£fs  fimikr  to  the  claying. The 
grained  fugar  after  the  grofs  fyrup  has  drained 
off  from  it,  and  it  has  become  confiderably 
folid,  is  placed  in  layers  of  about  an  inch  thick, 
under  layers  of  equal  dimenfions  of  the  herba- 
ceous trunk  of  the  plantain  tree,  the  watery 
juices  exfuding  from  which,  add  like  claying, 
and  leave  the  fugar  very  white,  and  porous 
like  a honeycomb.  It  is  fufficiently  pure  to 
dillblve  in  water  without  leaving  any  fediment. 

All  thefe  methods  however  will  not  produce 
a hard  white-grained  full-bodied  fugar  compa- 
rable to  the  fineft  loaf-fugar  as  is  made  in  this 
country,  for  the  moift  fugars  are  ftill  con-fu'er- 
ab!y  loaded  with  melafles,  and  are  particularly 
inferior  to  the  loaf  in  preferving  all  kinds  of 
fruits  and  vegetables. 

The  following  is  the  general  method  of 
making  loaf-fugar  in  England,  which  is  on  the 
whole  extremely  fimple  in  theory,  though  a 
good  deal  of  Ikill  is  required  in  the  manage- 
ment. 

The  raw  fugar  is  firft  coarfely  ground,  and 
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about  three  hogfheads  of  it  are  put  into  a cop- 
per pan  and  dlifolved  in  lime-water.  Some 
coagulable  fubftance  is  then  ufed  to  clarify  it. 
The  whites  of  eggs  are  on  the  whole  the  heft 
for  this  purpofe,  and  large  quantities  of  fea- 
birds’  eggs  uled  to  be  imported  into  London 
for  the  purpofe,  but  being  expenfive,  bullocks' 
blood  is  now  almoft  univerfally  fubftltuted  to* 
eggs  which  is  mixed  thoroughly  with  the  dif- 
folved  iugar.  It  is  then  brought  nearly  to 
boiling,  during  which  the  blood  coagulates  and 
carries  ,up  with  it.  In  the  form  of  a tough  feum, 
moft  of  the  impurities  of  the  fugar.  This 
feum  is  feparated  by  ftraining  the  whole  through 
a blanket,  and  the  clear  liquid  is  now  fit  to  be 
boiled  down.  This  evaporation  is  performed 
in  the  copper  pans  at  a boiling  heat,  a necefl'ary 
inconvenience  of  which,  however,  is  that  the 
heat  required  gives  a dark  colour  to  the  m.afs,. 
which  muft  confiderably  lengthen  the  future 
operations.  The  fugar-boiler  judges  by  the 
appearance  and  thread  of  the  fyrup  when  it  is 
boiled  enough,  at  which  time  it  is  very  thick 
and  rich,  and  its  boiling  temperature  is  about 
232°.  It  is  then  let  off  into  a large  cooler,  and 
when  it  is  judged  to  be  fufficiently  cooled,  it  is 
ftirred  for  a confidcrable  time  with  wooden 
paddles  fixed  to  long  poles  till  the  fugar  begins 
to  granulate,  and  the  whole  mixture  to  become 
thick  and  opake.  This  occurs  when  the  tem- 
perature has  fallen  to  about  190",  and  it  is  then 
fit  to  be  poured  into  the  moulds.  Thefe  are 
large  conical  earthen  pots  with  a hole  through 
theclofed  or  fmalier  end,  and  of  difterent  fizes^ 
thofe  intended  for  the  fine  loaf  fugar  holding 
about  10  or  12  lbs.  of  fyrup,  and  about  twice 
as  much  for  the  inferior  lump  fugar.  Each  of 
thefe  has  its  earthen  jar  beneath,  into  which  it 
defeentk  low  enough  to  be  firmly  fupported,  and 
which  is  intended  to  receive  the  drainings  of 
the  fyrup  or  treacle.  The  moulds  with  thefe  pots 
are- ranged  in  clofe  rows  in  all  the  ftories  of 
the  building  above  the  ground  floor  (w’here  the 
pans  and  furnaces  are  fixed)  and  the  whole 
houfe  is  heated  by  iron  flues,  to  keep  up  3> 
pretty  warm  temperature  during  the  whole 
time  that  the  fugar  is  preparing. 

The  fyrup,  thickened  by  ftirring,  and  cooled 
down  to  about  190°,  is  then  poured  into  the- 
moulds,  the  bottom  hole  being  firft  plugged 
up,,  ami  in  about  four  hours  the  contents  have 
hardened  int-o  a folid  mafs  of  fugar,  except  ai 
portion  of  uncongealable  fyrup  which  remains 
at  the  bottom.  The  plug  is  then  withdrawn,, 
and  the  fugar  in  the  mould  is  allowed  to  di'ain 
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for  about  36  hours  undifturbed.  The  green 
fyrnp  as  it  is  called,  or  that  which  falls  during 
all  this  time,  is  carefully  coiledted  and  kept 
apart  from  the  coarfer  fyrups.  It  is  brownifh, 
but  free  from  any  burnt  tafte,  and  is  ftill  very 
rich  in  faccharine  matter.  It  is  ufually  mixed ‘in 
certain  proportions  with  the  raw  fugar  in  the 
next  boiling,  fo  that  in  fadd  the  contents  of 
every  boiling  confift  of  raw  fugar  and  the  fy- 
rups of  previous  operations  in  regular  fuccef- 
Con. 

The  fugar  from  which  the  green  fyrup  has 
hibfided  is  now  of  a better  colour,  and  much 
purer  than  the  raw  fugar,  but  it  is  brought  to 
its  higheft  degree  of  purity  by  claying. 

A mixture  of  pipe-clay  and  water  is  then 
poured  on  the  furface  of  the  mould  and  al- 
lowed to  remain  for  four  or  five  days,  during 
which  the  clay  dries,  fhrinks,  and  at  laft  readily 
comes  off  in  a folid  cake.  In  general  two  more 
clays  are  added  fucceffively  at  the  fame  inter- 
val. If  the  loaf  is  examined  in  different  periods 
of  the  claying,  the  upper,  or  broader  end,  will 
be  found  hard  and  white,  and  the  brown  . treacly 
fyrup  which  it  is  the  obje£I  of  claying  to  get 
rid  of,  will  be  feen  gradually  fettling  towards 
the  point  of  the  loaf,  and  at  lafh  will  be  totally 
expelled  and  fall  into  the  pot  below.  A -fine 
loaf  therefore  is  not  confidered  as  perfe£lly 
clayed  till  the  lower  part  fully  equals  the  upper 
in  w'hitenefs.  There  is  alfo  confiderable  differ- 
ence in  the  colour  and  finenefs  of  the  fyrup 
during  the  fucceflive  clayings,  that  of  the  firil 
clay  being  in  this  cafe  the  coarfeft;  and  the 
others  much  purer,  for  the  two  laft  clays  are 
only  employed  in  cleaning  the  very  point  of  the 
loaf,  fo  that  the  fyrup  from  thefe' muft  contain 
a good  deal  of  pure  fugar  which  the  moifture 
from  the  chiy  has  diffolved  before  it  reaches 
the  fyrup.  When  the  claying  is  compleated 
tlie  moulds  are  left  undifturbed  for  a day  or 
two,  after  which  the  loaves  of  fugar  are  turned 
out,  and  are  then  folid,  white,  and  pure.  To  dry 
them  compleatly  they  are  put  for  three  or  four 
days  in  a fmall  cliamber  Jicated  by  a ftove  fo 
ftrongly  that  a perfon  unufed  to  it  could  hardly 
remain  in  forbalf  a minute,  ami  here  the  fugar 
is  rendered  much  more  hard,  white,  and  beau- 
tiful. It  is  then  taken  out,  and  is  Jit  for  fale. 

All  the  fyrups  and  runnings  from  the 
n.oulds  are  more  or  lefs  rich  in  fugar,  and  are 
all  treated  in  a fimllar  manner  with  the  raw 
fugar,  to  make  loaves  or  lumps  of  inferior  qua- 
lity, and  the  fyrups  from  thefe  again  are 
worked  as  before  for  a ftill  coarfer  kind.  The 
mpft  ordinary  loaves  are  .called  tajlardj  and  are 


made  entirely  from  the  green  or  firft  fyrups  of 
the  coarfer  loaves,  without  any  admixture  of 
raw  fugar.  The  baftard  loaves  require  more 
heat  than  the  finer  forts,  the  treacly  part  being 
much  more  vifeid,  and  they  remain  longer  oa 
the  moulds  before  claying.  They  are  alfo  only 
nightly  clayed,  for  the  runnings  from  thefe 
form  common  treacle,  the  price  of  which  is  fo 
much  inferior  to  any  folid  fugar,  however 
brown,  that  it  is  an  objetft  to  the  manufa£lurer 
to  leave  as  much  treacle  as  poflible  in  the 
coarfer  loaves,  confiftently  with  giving  them  a 
faleable  colour  and  gi'ain.  Hence  the  texture 
of  thefe  loaves  is  much  fofter  and  more  open, 
and  the  grain  loofe.  The  lower  part  of  the 
baftard  loaves,  w'hich  is  much  more  difcoloured 
than  the  upper,  even  after  claying,  is  cut  off, 
and  when  ground  it  forms  the  moft  ordinary 
kind  of  moift  fugar,  and  the  upper  part  of  the 
fame  loaves  forms  the  common  moift  fugar. 
But  the  fined  white  moift  fugar  is  clayed  muf- 
covado,  prepared  in  the  French  manner  in  the 
Weft  Indies,  as  already  mentioned. 

Sugar  Candy. 

Sugar  candy  is  fugar  brought  to  a regular 
form  by  flow  cr-yftallization.  The  management 
of  it  differs  confiderably  from  that  of  loaf 
fiigar.  To  prepare  it  the  fyrup  is  clarified  as 
ufual,  and  boiled  down  to  a certain  point,  but 
not  fo  much  as  for  making  loaf  fugar.  It  is 
then  poured  into  large  oblong  moulds  or  boxes, 
into  which  a light  frame  is  previoufly  fixed, 
holding  ftretched  from  one  end  to  the  other  a 
number  of  cords  of  packthread.  Tlie  mould 
filled  with  fyrup,  is  then  put  into  the  drying 
ftove,  and  fuffbred  to  remain  undifturbed  for  a 
c-onfulerable  time,  during  which  the  fugar  gra- 
dually depofits  in  cryftals  around  the  threads. 
The  mould  is  then  removed,  and  the  frame  is 
lifted  out,  with  every  thread  thickly  and  very 
beautifully  encrufted  with  the  candy,  and  is 
afterwards  drained  to  free  it  from  the  adhering 
fyrup.  Sugar  candy  differs  from  common  fugar 
in  being  much  harder  and  tranfparent.  'I’he 
broy/n  fort  crvftallizes  full  as  regularly  as  the 
white,  but  becomes  clammy  and  deliquefcont  in 
a damp  air,  whereas  tlie  white  candy  remains 
always  dry-  On  account  of  its  fuperior  hardnei's 
it  is  Icfs  eafily  foluble  than  the  loaf  fugar,  ami 
appears  to  have  mucli  lefs  tafte,  but  it  has  full 
as  ftTong  a body  of  fugar,  and  would  be  excel- 
lently calculated  for  preferving  all  vegetable 
food,  if  the  price  was  lower.  The  foie  differ- 
ence between  the  white  candy  and  the  fineft 
loaf  appears  to  be  in  the  form,  which  in  the 
candy  is  the  natural  faline  form  of  fugar,  but 
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in  the  Ibaf  is  granular,  owing  to  the  agitation 
given  to  it  for  this  exprefs  purpofe  whilft  cool- 
ing. The  commoneft  form  of  the  regular  cryf- 
tals  of  fugar  candy  is  an  oblique  four-fided 
prifm,  terminated  by  dihedral  fummits.. 

A valuable  fugar  is  extradb'cd  in  many  of  the 
States  of  North  America,  from  the  juice  or  fap 
of  the  fugar-maple  The  tree  is  tapped  with 
an  augre,  which  is  introduced  about  two  inches, 
and  a projediing  fpout  is  made  below  it,  un- 
der which  troughs  are  fet  to  catch  the  juice. 
The  feafoH  for  tapping  is  from  February  to 
April,  for  about  fix  weeks,  during,  which  time 
a moderate-Czed  tree  will  yield  from  20  to  30 
gallons  of  fap,  from  which  may  be  made  about 
5 or  6 lbs.  of  pretty  good  fugar.  During  the 
reft  of  the  year  the  fap  will  flow  from  the 
wound,  but  it  is  too  thin  and  watery  to  be  ufed 
with  advantage  for  making  fugar.  This  evacu- 
ation does  not  appear  at  all  to  Injure  the  tree, 
for  the  fame  procefs  may  be  repeated  every 
year  for  a great  length  of  time ; and  the  juice 
is  even  more  faccharine  from  the  trees  that  have 
been  previoufly  wounded,  than  from  the  freih 
trees. 

This  juice  is  clear,  pleafant-tafted,  and  highly 
faccharine.  It  is  made  into  fugar  by  the  farmers 
in  the  country,  and  with  a Ample  apparatus.  It 
is  ufiially  clarified  with  lime  and  white  of  egg. 
(or  milk)  boiled  down,  grained  and  clayed, -in  the 
manner  of  the  cane  juice.  Another  method 
occafionally  pradlifed  is,  to  reduce  the  quantity 
of  liquid  by  freezing,  where  the  fealon  will 
allow  of  it,  which  is  preferable  to  entire  evapo- 
ration and  cheaper.  The  common  maple  fugar 
is  clean-looking,  and  very  fweet,  but  with  a pe- 
culiar though  not  unpleafant  tafte.  k niay  be 
made  into  loaf  fugar  probably  equally  well  with 
the  mufcovado,  but  it  is  chiefly  employed  in  a 
half  purified  ftate,  like  the  common  moilt  fugars. 
The  maple  juice  will  alfofurnifli  a pleafant  wine 
by  fermentation  and  a good  vinegar. 

The  faccharine  quality  of  the  juice  appears  to 
he  highly  improved  by  careful  cultrvatioii  of  the 
tree. 

Among  the  vegetables  indigenous  to  the  mnl- 
die  and  north  of  Europe,  which  are  lenfibly 
faccharine,  the  beet  root  is  found  to  exceed  them 
all  in  the  quantity  of  fugar  which  it  contams. 
This  was  afcertained  by  hlarggraf,  ' in  fome 
valuable  experiments  made  with  a view'  of  d:f- 
covertng  fome  native  fugar  which  might  be  a 
fubftitute  for  the  foreign  fugar,  when  the  latter . 
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is  expenfive  and  beyond  the  reach  of  the  pea- 
fant. 

Tw'O  methods  were  purfued  by  this  accurate 
chemift.  One  was  to  dry  a given  portion  of 
the  vegetable,  to  boil  it  in  rectified  alcohol, 
and  then  keep  the  alcoholic  folution  at  reft  for 
a time,  by  vt'hich  the  fugar  will  feparate  in 
cryftalline  grains.  This  mode  however  is  much 
too  expenfive  to  be  purfued  in  manufacture,  but 
it  ferves  as  an  ufeful  indication  of  the  comparative 
proportions  of  fugar  in  different  vegetables, 
though  the  quantity  obtainable  by  the  ufual 
mode  of  manufafture  appears  to  fall  far  fhort 
of  what  Is  yielded  by  treatment  with  alcohol. 

The  other  method  was  to  imitate  in  the  fmall 
way  the  procefs  perfornved  on  the  fugar  cane 
juice,  which  alfo  was  attended  with  a certain 
degree  of  fuccefs.  The  experiments  of  this 
celebrated  chemift  are  the  following : three  roots- 
were  fele£led,  the  white  beet,  the  red  beet,  and 
the  fkirret,  all  of  which  give  evident  indica- 
tions of  abounding  in  fugar j for  when  cut  in 
flices  and  dried  their  tafte  is  very  fweet,  and 
the  microfeope  fhew's  a number  of  cryftalline 
grains  of  fugar  difperfed  through  their  fub- 
fiance. - 

Some  flices  of  white  beet  thoroughly  dried 
but  not  burnt,  were  powdered  coarfely,  and  8 
oz.  of  this  powder  again  dried,  were  put  into  a 
bottle  with  16  oz.  of  highly  reciified  alcohol,, 
and  being  loofely  flopped,  the  liquor  w'as  flowljr 
brought  to  boil  on  a fand-bath,  with  frequent 
fliaking.  The  veflel  was  then  removed,'  the 
folution  filtered,  and  the  powder  preffed  ftrongly 
to  fqueeze  out  all  the  liquor.  This  dear  folution 
was  then  put  into  a bottle  which  was  corked, 
and  fet  by  in  a cool  place.  A cryftallized  fait 
depofited  gradually  in  the  courfe  of  fome  weeks, 
which  was  hard  and  tolerably  pure  fugar.  This 
vias  rediflblved  and  again  cryftallized  in  the  fame 
way,  by  which  a very  pure  fugar  was  obtained. 
In  this  way  8 oz.  of  the  white  beet  root  gave^ 
half  an  ounce  or of  fugar  jSoz.  of  fkirret: 
root  equally  dried,  gave  3 drams,  or  about  ^ 
of  fugar ; and  the  fame  quantity  of  the  red  beet 
gave  only  2 1 drams,  or  about -2V  of  fugar.  The 
folution  however  ftill  contained  a quantity  of 
fugar  mixed  with  the  refmous  part  of  the  root, 
and  if  it  is  evaporated  to  drynefs,  a fweetiih  un— 
cryftallized  extract  remains. 

The  fkirret  root  was  then  treated  in  tlie 
following  manner  without  alcohol,  with  a view 
of  extrading  the  fugar.  A quantity  of  it  was 
chopped  fmall,  bruifed  in  a mortar,  and  the  juice 
expreiTed  through  a cloth  bag,  and  the  pulp  was 
• Mena,  de  f’Acad.  tie  Berlin,  for  1747. 
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again  molftencd  with  water  and  cxprelTed  to  was  fo  great  that  a reward  was  given  to  him  hy 
get  out  all  the  faccliarine  liquor.  The  whole  the  Pruffian  government  for  his  elaborate  expe- 
liquor  was  then  kept  at  reft  for  48  hours,  in  a riments  ; which  it  was  hoped  would  enable  the 
cool  cellar,  by  which  moft  of  the  feculence  fub-  Continent  of  Europe  to  fupply  itfelf  with  fugar 
fided,  and  the  clear  liquor  was  carefully  drawn  from  the  produce  of  its  own  foil,  and  to  be  no 
off.  The  author  lays  much  ftrefs  on  this  part  longer  dependent  on  the  Weft  Indies  for  this 
of  the  procefs,  which,  if  it  is  not  done  properly,  effential  article  of  food.  The  experiments  were 
confiderably  hinders  the  fubfequent  producTion  made  on  a fufficiently  large  fcale,  and  the  fuccefs 
of  the  fugar.  The  clear  liquor  was  then  heated  was  fuch  as  to  require  fome  notice  in  this  place, 
in  a copper  pan,  clarified  with  white  of  egg,  but  as  feveral  years  have  elapfed  fince  thefe 
and  boiled  down  to  the  confiftence  of  thick  trials  were  made  known  to  the  world,  without 
fyrup,  and  kept  in  this  ftate  for  about  fix  months  being  followed  by  any  general  attempts  to  purfue 
in  a warm  place,  by  which  it  concreted  into  a them,  we  muft  conclude  that  the  expence  and 
iemi-fluid  cryftalline  mafs,.compofed  of  impure  trouble  of  obtaining  fugar  from  this  fource 
cryftals  of  fugar  and  a good  deal  of  fyrup.  The  are  as  yet  more  than  the  coft  will  repay,  efpe- 
whole  mafs  was  then  a little  warmed,  to  give  the  daily  during  the  prefent  comparatively  low 
fyrup  a little  more  fluidity,  and  poured  into  a price  of  Weft  India  produce. 
funneMhaped  veflel  of  tinned  iron,  with  holes  The  plant  which  yields  this  fugar  is  the  white 
At  the  fides  and  bottom,  and  fet  by  in  a warm  heet,  the  root  of  which  refembles  the  parfnip  in 
place  ‘y  by  which,  after  a confiderable  time,  the  fhape,  and  is  white  crofled  with  bands  of  red, 
impure  uncongealable  fyrup  flowly  filtered  to  and  has  a mild  fweetifli  tafte.  It  is  remarkably 
the  bottom,  leaving  the  purer  faccharine  part  fucculent,  and  the  faccharine  quality  of  the  juice 
in  the  form  of  a brown  granular  mafs.  The  feems  to  be  much  improved  by  careful  cultiva-- 
latter  was  then  rediflblved  in  water,  again  clari-  tion  In  a rich  foil.  It  has  long  been  cultivated 
fied  with  white  of  egg,  ftrained,  boiled  with  a in  many  parts  of  Germany  as  food  for  cattle, 
little  lime,  again  ftrained,  and  then  evaporated  The  procefs  given  by  Achard  for  extradfing 
to  a thick  confiftence,  and  ftirred  till  cold.  A the  fugar  is  the  following.  ^ The  roots  are 
fugary  vifoid  mafs  ftill  purer  than  the  laft  was  pulled,  cleaned,  the  leaves  ftrippcd  off,  and  then 
thus  obtained,  which,  on  being  kept  for  a week  boiled  for  a fhort  time,  till  they  are  fo  far  foft- 
in  a funnel-lhaped  pot  with  a fingle  hole  at  ened  that  a ftraw  may  be  thruft  into  them, 
bottom,  plugged  up,  congealed  into  a grained  They  are  then  fliced  by  a machine  ufed  in,’ the 
fugar  equal  to  good  mufcovado,  from  which  a country  for  flicing  potatoes,  and  put  under  a 
fyrup  feparated  and  dropped  through  when  the  very  ftrong  prefs  to  extraft  the  juice.  The  cake 
plug  was  withdrawn.  which  remains  in  the  prefs  ftill  retains  enough 

Such  is  the  procefs  of  this  chemift  to  obtain  juice  to  make  it  worth  while  to  moiftcn  it  with 
a fugar  from  the  fldrret  root,  and  he  pro-  water  and  after  fome  hours  again  to  prefs  it ; 
ceeded  in  the  fame  manner  with  the  white  and  this  juice  is  mixed  with  the  former.  Even  after 
red  beet  roof,  and  with  the  fame  fuccefs.  He  this  fecond  prefling  the  cake  may  be  ufefully 
further  obferves,  that  he  rafped  the  beet  roots,  employed  in  making  a fermented  liquor,  from 
being  harder  than  the  ficirret,  that  the  muci-  which  a fpirit  may  be  extradled  by  diftillation. 
laginous  depofit  from  the  beets  was  browner  and  The  juice  is  then  ftrained  through  a flannel, 
lefs  copious  than  from  the  Ikirret  *,  the  fugar  boiled  down  to  two-thirds  of  its  original  bulk, 
from  the  white  beet  was  the  moft  abundant  and  again  ftrained  through  a thick  blanket,  and  then 
the  pureft,  and  that  from  the  red  beet  was  the  boiled  down  to  half  its  bulk,  and  ftrained.  It  is- 
leaft  fo.  The  mucilage  or  fediment  from  the  now  of  the  confiftence  of  a thin  fyrup,  and  muft 
Ikirret  walhed  with  cold  water  and  purified,  be  put  in  fliallow  pans  in  a ftove-room,  heateil 
yielded  a very  good  white  farina.  to  about  120°,  to  allow  the  fugar  to  cryftallize. 

All  thefe  roots  are  very  watery-  The  white  This  begins  by  the  formation  of  a hard  cruft  on  ' 
beet  lofes  by  gentle,  but  entire,  defecation,  full  the  furface,  which  muft  be  now  and  then  broken  ■ 
three  quarters  of  its  weight,  and  the  red  beet  down  to  haften  the  evaporation.  After  a time 
feven  eighths.  there  forms  on  the  furface  a thick  gummy  Ikin, 

Mr.  Achard,  of  Berlin,  a few  years  ago  di-  inftead  of  a hard  granular  cruft-,  when  this  ap- 
refted  his  attention  to  the  extra£lion  of  fugar  pears,  the  fyrup  is  removed  from  the  ftove-room, 
from  the  beet  in  the  large  way,  and  his  fuccefs  and  the  wltole  mafs  is  put  into  a clofe  linen  fade.' 

* Ab.  Chera.  tom,  3^, 
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prevloufly  wetted,  and  ftrongly,  but  gradually 
prefled.  By  this  the  fyrup  is  forced  through 
the  fack,  and  there  remains  within  it  a yellow 
granular  faccharine  mafs,  refembling  mufco- 
vado  fogar,  very  fweet  and  well  tailed.  From 
t]iis,  fogar  of  any  degree  of  finenefs  may  be 
afterwards  made  by  the  procell'es  commonly 
employed  in  the  refining  of  cane  fogar. 

Such  is  the  procefs  of  Mr.  Achard,  which 
was  repeated  by  a commilTion  from  the  French 
Inllitute,  s with  fimilar  refolts  as  to  the  general 
produdls,  but  the  quantity  yielded  w'as  much 
Jefs  than  what  might  be  inferred  from  the  price 
which  Mr.  Achard  gives  as  the  fir  ft  coft  to  the 
manufadturer. 

According  to  thefe  fobfequent  experiments, 
purfued  precifely  in  Mr.  Achard’s  method, 
1152  parts  of  the  frelli  beet  root  yielded  18 
parts  of  raw  mufeovado,  wdiich  was  brown  and 
ill  tailed,  and  would  require  focceflive  purifi- 
cations, with  the  lots  of  from  -j-  to  nearly  -i  its 
weight,  to  bring  it  to  the  ftate  of  fine  faleable 
fogar. 

It  Ihould  be  mentioned  tltat  the  uncryftallized 
fyrup  and  all  the  refufe,  afford  excellent  mate- 
rials for  fermentation,  and  hence  for  the  pro- 
dudlion  of  ardent  fpirit,  or  a kind  of  rum. 

Experiments  on  the  extraclion  of  fogar  from 
the  white  beet  have  alfo  been  made  in  the  large 
way  by  Profeffor  Lampadius  of  Freyberg,  the 
refolis  of  which  are  reprefen  ted  as  very  favour- 
able to  the  undertaker.  As  the  procefs  em- 
ployed fomewhat  dill’ers  from  that  of  Mr.  Achard, 
we  lhall  give  it  iit  a few^  words.  ^ ‘ He  took 
too  lbs.  ot  frelli  beet  roots,  peeled,  rafped,  and 
expreffed  them,  and  obtained  44  lbs.  of  juice. 
This  he  put  into  a boiler,  and  added  to  it  44  oz. 
of  broken  charcoal,  previoully  made  red-hot 
in  the  fire,  and  lifted  w'hen  cold  to  feparate 
and  rejcdl  the  fine  powder.  This  he  boiled  for 
a (juarter  cl  .111  hour  and  Itrained  the  juice 
through  liannel,  and  again  returned  the  clear 
juice  into  the  veffcl  and  boiled  it  down  to  the 
confiilence  of  lyrup.  d'lus  was  let  by  in  a cool 
place  for  a lortnight,  during  xvhieh  it  gr.umlated, 
•.  ;i-.l  the  whole  was  ftrongly  prefl'ed  through  a 
cloth  to  feparate  the  fyrup  from  the  congealed 
lagar.  The  latter  was  then  rediflblved  in  hot 
water,  feummed .while  boijing,  clarified  by  lime- 
water  and  blood,  and  again  fet  by  for  48  hours 
to  granulate.  Tlie  ..cryftals  were  now  larger 
and  of  a better  colour  than  before,  and  were 
again  boiled  with  hmerV/ater  and  a pint  of 
l}f.iinmed  milk,  and. cooled  as  before,  by  which 
2 blucilli  faccharine  mafs  was  obtained,  which, 
£ An.  Ch'.m.  tom.  *’  Journ  dc 


when  congealed  in  a mould,  gave  a loaf  of 
tolerable  fogar  weighing  4 lbs.  the  talle  of 
which  was  precifely  the  fame  as  that  of  com- 
mon fogar  of  equal  finenefs. 

In  another  experiment  condudled  in  a fimilar 
manner  only  3^  lbs.  of  fogar  was  obtained. 

On  repeating  thefe  experiments  in  the  large 
way,  with  feveral  improvements  in  the  appara- 
tus and  procefs,  he  obtained  (as  he  afferts)  from 
100  quintals  of  beet  root,  200  lbs.  of  brown 
fogar,  which,  purified  to  a eonfiderable  degree, 
were  reduced  to  180  lbs.  This  proportion  is 
much  inferior  to  that  of  the  former  experiments. 

The  ufe  of  the  charcoal  is  to  deftroy  a quantity 
of  colouring  matter,  and  alfo  a bitter  unpleafant 
tafte  which  the  beet  contains.  The  power  of 
recently  heated  charcoal  in  clarifying  faccharine 
liquors,  and  depriving  them  of  all  foreign  colour, 
fmell,  and  tafte,  has  been  already  mentioned  in 
this  work  under  the  article  Charcoal,  p.  238,  to 
which  it  may  be  added  that  attempts  have  been 
made  to  introduce  it  into  the  fogar  refineries  in 
this  country,  but  whether  from  the  expence  and 
hulkinefs  of  the  charcoal,  or  from  the  difficulty 
of  perfoading  workmen  to  alter  their  accuftomed 
habits,  the  plan  has  never  been  carried  into 
pradlice.  In  experiments  in  the  fmall  way  the 
clarifying  power  of  charcoal  is  very  ftriking 
and  eafily  (hewn,  for  if  a funnel  lined  with  fil- 
tering paper,  is  filled  with  freffi-burnt  charcoal 
bruifed  to  a pretty  fine  powder,  and  a folution 
of  the  coarfeft  brown  fogar  be  poured  on  it,  as 
it  drops  through  the  funnel  it  appears  fine, 
limpid,  and  nearly  colourlefs.  The  fame  effedl 
is  produced  more  rapidly  by  boiling  the  fyrup 
with  the  charcoal  for  a few  minutes  and  ftrain- 
ing. 

Profeffor  Lampadius  alfo  fuggefts  the  advan- 
t.xge  of  reducing  the  bulk  of  the  faccharine  juice 
bv  freezing,  which  it  not  urged  too  far,  will 
fcp.irate  much  of  the  w.itcry  part  in  the  form 
of  ice,  fo  that  lefs  fuel  will  be  required  in  the 
evaporation. 

'I’liis  chemift  however  candidly  confeffes  that 
in  one  experiment  made  on  too  quintals  of 
the  root,  the  fogar  obtained  icld  tor  fomewhat 
lefs  than  the  entire  coft  of  the  materials  and  tlie 
procefs,  but  this  was  in  a cold  unfavourable 
vear,  and  did  not  include  tlie  profits  to  be  made 
fmni  all  the  refidues  in  yielding  ardent  fpirit, 
occ. 

Ph';f.ial  ami  Chemical  Properties  of  Sugar. 

I’ure  fogar  appears  either  in  a regularly  cryf- 
tallized  form,  or  in  ihining  white  cryftalline 
grains.  Both  in  candy  and  in  loaf  it  is  very 
’!:yf.  tom  JO.  ' An.  Chtm.  torn.  j8. 
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liard  and  brittle.  It  is  void  of  fmell,  and  its 
fade  is  that  of  pure  fweetnefs.  When  hard 
loaf  fugar  is  rubbed  in  the  dark  it  is  highly 
luminous. 

Sugar  is  very  foluble  both  in  water  and  al- 
cohol. The  Watery  folution  may  be  preferved 
for  a length  of  time  unaltered  if  the  fugar  is 
pure,  but  if  it  is  mixed  with  mucilaginous, 
farinaceous,  or  other  matters,  it  readily  enters 
into  the  vinous  fermentation.  In  this  procefs 
the  ftrength  of  the  liquor  and  quantity  of 
alcohol  produced,  depend' dire^Hy  on  the  quan- 
tity of  fugar  prefent,  whence  the  moft  eflential 
part  of  the  procefs  of  vinous  fermentation  is 
reafonably  inferred  to  be  the  converfion  of  fugar 
into  alcohol.  From  comparing  the  produds 
with  the  materials  of  fermentation,  Lavoifier 
concluded  that  fugar  was  a triple  compound  of 
ttS  parts  (by  weight)  of  carbon,  8 parts  of 
hydrogen,  and  64  parts  of  oxygen. 

Sugar  melts  at  a heat  confiderably  above  that 
of  boiling  water,  and  forms  a blood-red  vifeid 
fluid,  which  when  cooled  has  a not  ungrateful 
flavour  of  empyreuma  mixed  with  the  natural 
fweetnefs.  When  melted,  it  takes  fire  on  ap- 
plying a lighted  fubflance,  and  burns  with  a 
ffrong  red  flame,  and  a peculiar  and  very  pene- 
trating odour  which  excites  coughing,  and  is 
owing  to  the  predudion  of  an  acid. 

If  fugar  is  diftilled />(?r  yc  from  a glafs  retort 
with  a heat  gradually  inerCafed  to  rednefs,  and 
the  produds  carefully  colleded,  they  will  be 
found  to  be,  firft  a coloured  liquor  ftrongly 
acid  and  pungent,  which  is  called  the  Pyremu- 
cous,  being  the  fame  as  is  furnifhed  by  muci- 
lage under  a fimilar  treatment.  A large  quantity 
of  gas  comes  over  at  the  fame  time,  which  is 
liydro-carbonat  mixed  with  a little  carbonic 
acid,  and  a very  pure  diarcoal  is  left  behind, 
W’hich  burns  away  in  the  open  air  without 
leaving  any  refidue.*  Neither  azot,  ammonia, 
nor  lime,  or  any  other  fubitance,  is  obtained  in 
this  procefs;  fo  that  fugar  is  one  of  the  purefl 
hydro-carbonous  oxyds  that  we  know'. 

Under  the  article  Mucilage  we  have  mention- 
ed in  part  the  very  interelling  rcfearches  on  the 
comparative  nature  of  fugar  and  gum  or  muci- 
lage, carried  on  by  the  ialt  mentioned  eminent 
ciiemift.  It  was  there  mentioned  that  fugar.  by 
being  treated  with  phofphuret  of  lime  (a  difoxy- 
genating  fubftance)  loft  its  faccharine  initure, 
and  was  converted  into  a clammy  fubllancc  no 
longer  foluble  in  alcohol,  which  ftrongly  re- 
fembled  mucilage.  Tlie  converfe  of  this  expe- 
riraeiit  however,  (that  is  of  converting  mucilage 

» CruIkHunk  in  RoIIo 


into  fugar  by  an  oxygenating  fubftance)  woind 
not  anfwcr,  for  when  nitric  and  oxymuriatic 
acid  were  pafl'ed  through  a folution  of  gum- 
arabic  in  various  w'ays,  nothing  faccharine 
could  be  obferved,  but  the  whole  was  converted 
into  the  oxalic  and  other  acids. 

The  a£lual  chemical  dilFerences  between  mu- 
cilage and  fugar,  as  found  by  Mr.  Cruikftiank, 
are  the  following:  fugar  is  foluble  both  in  water 
and  alcohol,  and  cryftallizable  from  either  folu- 
tion; but  mucilage  is  infoluble  in  alcohol,  and 
refufes  to  cryftallize  from  its  watery  folution. 
480  grs.  of  fugar  yielded  by  dillillation  120  grs. 
of  charcoal,  270  gfs;  of  liquid  pyromu'cous  acid, 
41  02.  meafures  of  carbonic  acid  gas,  and  iiq 
oz.  meafures  of  hydro-carbonat  gas; — the  fame 
quantity  of  gum  arabic  yielded  96  grs.  of  char- 
coal, 210  grs.  of  pyromUcous  acid,  93  meafures 
of  carbonic  acid,  and  180  of  hydro-carbonar. 
It  alfo  gave  about  10  grs.  of  lime,  and  the  acid 
when  faturated  \Vith  lime  gave  out  a little  am- 
monia, and  hence  lime  and  azot  are  fubftanccs 
that  belong  to  mucilage  and  not  to  fugar. 

The  habitudes  of  each  fubftance  with  I'.itric 
acid  alfo  differ  confiderably,  as  already  incntioi:- 
ed  in  part  under  the  article  Mucilage.  '\Vh;n 
gum-arabic  (for  example)  is  heated  with  nitrous 
acid  only  till  nitrous  gas  begins  to  be  difengaged, 
a quantity  of  wliite  infoluble  matter  precipitates 
W’hich  is  the  Afuccus  acid,  and  the  refulue  is 
malic  acid  which  a further  addition  of  the 
nitric  converts  into  orcalic.  But  fugar  is  changed 
into  oxalic,  or  malic  and  oxalic  acid,  without 
the  produftion  of  any  mucous  acid.  The  quan- 
tity of  oxalic  acid  produced  from  a given  weight 
of  fugar  with  nitric  acid  alfo  exceeds  that 
yielded  by  the  fame  weight  of  mucilage^  with 
the  fame  proportion  of  acid.  ' ' 

In  the  fpontaneous  changes  alfo  fugar  and 
mucilage  dift'er  ellentially.  Sugar  being'  the 
effential  material  of  the  vinous  fermentation,  but 
mucilage  is  incapable  of  this  prccefs  vidien  pure, 
and  appears  to  contribute  little  to  the  generation 
of  alcohol  when  in  combinatibn  with  fermenting 
materials. 

SUG  AR,'  Acid  of.  See -Oxalic  Acid. 

SUGAR,  Rmpyreinr.atic  Acid  of.  See  SuCAR 
and  Pyromdcous  iVeiD. 

S.U G A R OF  LE  A D .'  See  Le ad . 

SUGAR  OF  MILK.  See  Milk.  - 

B,  imfoue.  Soufre,  Yx.  Scl^oefA, 

G erm . 

Sulphur  is  fou'nd  both  in  tire  mineral,  vege- 
table, and  aaiimal  kingdoms,  in  the  two  latter 
however  it  occurs  lo  rarely  -that  all  4lic  vaffe 
’s  EfTay  on-DiAbcUs. 
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.commercial  demands  for  this  fubftancc  are  fup- 
plied  from  the  former  fource.  Of  mineral  ful- 
phur  there  are  two  great  families,  firft,  native 
fulphtir,  or  uncomblned  with  any  confiderable 
proportion  of  other  ingredients.  Secondly, 
iulphur  in  union  with  metallic  bafes,  forming 
the  various  pyrites  and  fulphurated  ores.  Of 
■thefe,  the  latter  are  defcribed  under  the  various 
metals  from  which  they  derive  their  fpecific 
characlersj  the  former  we  ihall  now  proceed  to 
give  an  account  of.'^ 

The  colour  of  native  fulphur  is  a pale 
flightly  greenifh  yellow,  palling  on  one  hand 
into  grey,  and  on  the  other  into  lemon  yellow. 
It  occurs  in  mafs,  dideminated,  in  rounded 
fragments,  cellular,  ftala<2;itic,  fuperficial,  and 
cryllallized.  Its  primitive  form  is  a very  acute 
.odtohedron  compofed  of  two  tetrahedral  pyra- 
mids with  fcalene  triangular  [faces  joined  bafe 
to  bafe;  the  common  bafe  of  the  two  pyramids 
is  a rhomb,  the  two  diagonals  of  which  are  to 
each  other  in  the  proportion  of  five  to  four. 
The  other  varieties  of  .cryftalHzation  that  it 
prefents,  are  the  following. 

1.  The  primitive  figure  with  the  fummits 
truncated. 

2.  'The  fame  as  the  proceeding  with  a low 
tetrahedral  pyramid  fet  upon  the  terminal  trun- 
catures. 

3.  The  primitive  figure  with  two  oppofite 
folid  angles  of  the  common  bafe  truncated. 

4.  The  primitive  figure  with  a tetrahedral 
prifm  interpofed  between  the  pyramids. 

5.  A cuneiform  odiohedron. 

6.  A cuneiform  hexahedron. 

The  cryftals  are  generally  fmall  and  ill  de- 
fined, but  thofe  from  Sicily  are  for  the  moll 
part  perfedi,  and  are  fumetimes  full  five  inches 
in  length.  They  are  generally  grouped  toge^ 
ther.  The  cryllals  externally  are  very  brilliant, 
with  a luftre  between  refinous  and  adamantine; 
the  other  varieties  are  more  or  lefs  gliftening. 
Its  fradlure  is  fine-grained  uneven,  paffing  on 
the  one  hand  to  conchoidal,  and  on  the  other 
to  fplintery.  The  cryftals  are  often  ferai-tranf- 
parent,  the  pther  varieties  are  more  or  lefs 
tranflucent.  It  is  foft,  brittle,  and  eafily  fran- 
gible. Sp.  gr.  1.99— 2.03. 

Sulphur  by  fridlion  acquires  the  refinous 
elediricity ; the  tranfparent  cryftals  are  in  a high 
degree  double-refradlive. 

Sulphur  is  found  fometimes,  though  rarely,  in 
veins  in  primitive  mountains,  its  common  repo- 
fitory  is  in  beds  of  fecondary  gypfum,  where  it 
occurs  principally  in  nodules;  it  is  fometimes 


alfo  met  with  In  beds  of  Indurated  marl  and 
compadi  limeftone.  Volcanoes  alfo  abound  in 
fulphur,  which  fubiimes  in  the  rifts  and  cavities 
of  the  lava. 

Stratified  fulphur  is  met  with  in  Sicily,  at 
Conilla  near  Caftiz  in  Spain,  near  Bex  in  Swit- 
zerland, in  Lorraine,  Hanover,  Gallltzia,  and 
Poland:  volcanic  fulphur  is  obtained  from  Etna 
in  Sicily,  the  Solfatara  near  Vefuvius,  Hecia 
ill  Iceland,  the  Peak  of  Teneriffe,  the  Souffriere 
in  Guadalupe,  &c. 

The  proper  native  fulphur  feldom  contains 
any  foreign  matter  except  a fmall  proportion  of 
earth;  the  whole  preparation  therefore  which 
it  requires  for  the  purpofes  of  commerce  is  to 
be  freed  from  its  earth  by  diftillation,  and  then 
melted  and  call  into  moulds. 

The  fulphur  at  the  Solfatara  is  in  nodules-con- 
fiderably  mixed  with  a white  earth;  thefe  being 
dug  up  and  broken  to  fmall  pieces,  are  put  into 
earthen  pots  arranged  in  a double  row  along  a 
very  fimple  furnace;  the  hole  in  the  upper  part 
of  each  pot  by  which  it  is  charged  is  clofed 
with  an  earthen  pipe,  and  a little  lute:  and  on 
fhe  application  of  a gentle  heat  the  fulphur  is 
volatilized,  and  pafles  through  the  pipe  into  an 
earthen  receiver  where  it  concretes;  the  con- 
tents of  the  receivers  are  then  melted  in  a caul- 
dron, the  Impurities  either  rife  to  the  top  where 
they  are  fcummed  off,  or  fubfide  to  the  bottom; 
and  the  fulphur  thus  purified  is  ruu  into 
moulds. 

In  England  a large  quantity  of  fulphur  is 
obtained  at  a fmall  expence  from  the  pyritical 
copper  ore  during  the  roafting  which  this  un- 
dergoes previous  to  the  procefs  of  fmelting. 
At  the  celebrated  Parys  mine  In  Anglefey, 
works  for  this  purpofe  are  conftrudled  on  a 
large  fcale.  At  the  foot  of  a low  but  fteep 
ridge  of  rock,  are  conftrufled  maffes  of  ma- 
fonry  not  unlike  high  blaft  furnaces,  except 
that  the  top  is  capped  with  a dome  of  brick- 
work, from  which  proceeds  a horizontal  flue, 
about  the  fize  of  a common  chimney,  which 
terminates  in  a fquare  or  oblong  brick  chamber, 
built  at  the  top  of  the  rock.  Some  lighted  fuel 
is  introduced  by  means  of  a door  in  the  dome 
of  this  roafting  furnace,  and  a few  balketfuls  of 
ore,  broken  into  moderately  fmall  pieces,  are 
thrown  on  it,  frcfh  parcels  of  ore  being  added 
from  time  to  time  as  the  preceding  parcels  get 
lighted,;  a fulEciency  of  air  for  the  flow  com- 
buftion  required  in  this  procefs,  is  let  in  by 
means  of  a door  at  the  bottom  of  the  kiln, 
which  alfo  ferves  to  take  out  the  ore  by  when 
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properly  roafted;  that  part  of  the  fulphur 
which  efcapes  combultion  rifes  in  vapour,  and 
coliedls  in  the  dome  (the  door  of  which  is  only 
opened  to  admit  frclh  charges  of  ore)  whence 
it  paiTes  through  the  flue  into  the  chamber, 
where  it  prefently  concretes,  lining  the  fides 
and  roof ; each  chamber  has  a door  by  means 
of  which,  about  once  in  fix  weeks,  it  is  cleared 
of  the  fulphur.  This  rough  fulphur  is  in 
fpungy  pulverulent  crufts,  of  a dirty  greylfti 
yellow  colour.  For  its  purification  it  is  melted 
in  a boiler,  the  impurities  are  got  rid  of  by 
fcumming  and  fubfidence,  and  the  fluid  mafs  is 
tlien  laded  into  cylindrical  moulds  to  form  the 
common  roll  fulphur  or  brimftone,  or  into 
cones  about  two  feet  high  forming  the  loaves  of 
fulphur.  The  impure  dregs  are  alfo  fold  in 
the  (hops  under  the  name  of  fulphur  viviim. 

Befides  the  common  fulphur  there  are  two 
other  forms  in  which  this  fubftance  appears  in 
commerce,  namely,  the  fublimed,  or  flowers  of 
fulphur 'y  and  the  precipitated,  or  magijlery  of 
fulphur. 

Flowers  of  fulphur  are  prepared  in  the  labo- 
ratory, by  heating  in  a fand-bath  an  earthen  cu- 
curbit charged  with  roll  fulphur,  and  fur- 
mounted  by  a fet  of  aludels;  at  a gentle  heat 
the  fulphur  firft  melts,  then  rifes  in  vapour,  and 
concretes  within  the  aludels  in  the  form  of  a 
glittering  yellow  powder,  which  when  exa- 
mined by  a micro fcope  appears  to  be  compofed 
of  minute  cryftals.  Flowers  of  fulphur  are 
made  in  the  large  way  by  conducing  the  va- 
pour of  melted  fulphur  into  clofe  chambers  in- 
ftead  of  aludels,  and  being  prepared  with  lefs 
care  it  is  often  inferior  in  purity  to  that  ob- 
tained by  the  former  method.  Flowers  of  ful- 
phur, however  prepared,  are  more  or  lefs  acid- 
xdous  from  a mixture  of  fulphureous  acid,  on 
which  account  an  infufion  of  them  in  water, 
reddens  tinddure  of  litmus  j this  acid,  however, 
may  eafily  be  got  rid  of  by  wafhing  the  powder 
firft  with  a warm  and  very  dilute  folutlon  of 
pearl-afli,  and  then  with  two  or  three  fuccefhve 
parcels  of  warm  water. 

Magiftery  of  fulphur  is  prepared  by  decom- 
pofing  by  the  fulphuric  or  any  other  acid  a 
folution  of  alkaline  fulphuret;  a copious  white 
precipitate  falls  down,  which  is  to  be  thoroughly 
edulcorated  with  fucceftive  portions  of  warm 
water.  Sulphur  in  this  (late  has  a dull  earthy 
appearance,  owing  to  its  extremely  minute  (late 
of  divifion  ; it  is  of  a yellowifh  white  colour,  is 
fraooth  and  almoft  unctuous  to  the  touch;  by 
expofure  to  light  it  acquires  a yellow  colour. 
It  is  generally  looked  upon  as  the  pureft  form 
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of  fulphur,  yet  fromfomeof  its  properties  ami 
the  mode  in  which  it  is  prepared,  there  is  feme 
reafon  for  fufpecling  that  a portion  of  hydrogen 
enters  into  its  compofition. 

The  fulphur  that  is  procured  in  the  roafting 
of  ores,  efpecially  thole  of  copper,  is  apt  to 
contain  befides  earthy  impurities  a very  notable 
proportion  of  arfenic,  v/hile  on  the  other  hand 
the  volcanic  fulphur  in  general,  and  that  of 
Sicily  in  particular,  is  entirely  free  from  this 
contamination.  This  is  the  caufe  of  the  uni- 
verfal  preference  given  by  the  manufadfurers  of 
fulphuric  acid  to  Sicilian,  over  Englhh  fulphur ; 
and  hence  it  is  a matter  of  fome  confequence 
to  be  able  to  afeertain  in  a compendious  and 
fatisfadtory  manner  the  purity  of  any  particular 
fample  of  this  fubftance.  The  following  me- 
thod will,  we  believe,  be  found  to  anfwer  every 
pradfical  purpofe.  Having  rubbed  to  fine  pow- 
der in  an  earthen-ware  mortar  fome  of  the  ful- 
phur to  be  examined,  take  loo  grs.  and  put  it 
into  a Florence  flafk  with  5 oz.  meafures  of 
the  befl  oil  of  turpentine;  heat  the  mixture 
gently  over  a lamp,  or  a pan  of  charcoal,  till  it 
has  boiled  for  about  a minute,  then  pour  the 
clear  hot  folution  into  a fix  or  eight-ounce  vial, 
ftop  it  with  a cork,  and  (hake  it  till  the  liquor 
has  cooled  down  to  the  temperature  of  the 
hand  ; it  will  now  be  quite  turbid  with  fulphur 
that  has  feparated  from  the  oil  during  its  cool- 
ing, and  being  run  through  a glafs  funnel  very 
lightly  plugged  with  fine  tow  will  pafs  out 
clear,  leaving  the  fulphur  behind.  The  oil  is 
now  to  be  again  transferred  to  the  fulphur  re- 
maining in  the  fla(k,  and  to  be  a fecond  time 
boiled,  cooled  and  filtered  as  before.  By  re- 
peating this  procefs  four  or  five  times,  there 
will  be  left  only  a brownifli  orange  refidue,  on 
which  the  oil  •w'ill  refufe  to  aft  any  longer. 
This  refidue  being  laid  on  a piece  of  earthen 
ware  is  to  be  expofed  to  a heat  not  higher  than 
that  of  melting  lead,  till  it  edafes  to  exhale  any 
fulphureous  vapours;  being  then  rubbed  up 
with  a little  moiftened  charcoal,  and  prc(Ted 
into  the  bowl  of  a tobacco-pipe  or  any  other 
convenient  vefl'el,  it  is  to  be  heated  nearly  red, 
upon  which  a white  vapour  will  arife,  and  flrow 
itfelf  to  be  arfenic  by  its  peculiar  garlic  odour. 
The  fulphur  precipitated  from  the  oil  of  tur- 
pentine may  be  entirely  freed  from  this  latter 
by  expofure  to  the  air  and  light  for  a day  or 
two;  it  will  then  be  of  a beautiful  fparkling 
yellow  colour  (far  fuperior  to  that  of  the  com- 
mon flowers  of  fulphur)  and  entirely  inodorous. 
The  common  Englifti  brimftone  or  roll  fulphur 
fometimes  contains  a full  Tt  of  infoluble  refi- 
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^ue,  cliiefly  orpiment;  thebeft  Sicilian  fulpbur 
in  fmall  rolls,  contains  hardly  more  than  3 per 
cent.,  of  refidue  which  appears  to  be  little  elle 
than  earth,  as  it  affords  no  arfenical  odour  when 
heated  -wnth  charcoal. 

To  the  tafte  fulphur  is  perfeftly  Infipld, 
•when  broken  down  however  by  the  teeth,  it 
manifefts  a peculiar  indefcribable  grittlnefs, 
which  lufhciently  diftinguilhes  it  from  all  other 
bodies.  It  is  inodorous  at  the  common  tempe- 
rature, but  ■wdien  rubbed  a flight  fetid  frriell  is 
fufficiently  perceivable;  if  a roll  of  fulphur  is 
held  for  a minute  in  a moifl;  warm  hand,  it 
breaks  acrofs  with  a fharp  crackling  not  unlike 
the  fnapping  from  the  difcharge  of  an  eleffrical 
fpark,  the  hand  at  the  fame  time  contraffs  a 
peculiar  difagreeable  odour,  which  lafls  fonre 
minutes.  When  expofed  to  a temperature  of 
about  224°  Fahr.  it  melts  into  a tranfparent 
brownifh  red  fluid;  by  an  increafe  of  heat,  the 
fluidity  dlminifhes  and  the  fulphur  begins  to 
•fublime  in  vifible  vapours;  when  it  fomewhat 
exceeds  the  temperature  of  300°  Fahr.  its  con- 
fiftence  will  be  vifcid  and  thick  like  treacle,  and 
the  vapour  will  take  hre,  the  inflammation  in- 
llantly  fpreading,  to  the  reft  of  the  mafs. 

If  a crucible  or  ladle  full  of  fulphur  be  al- 
lowed to  cool  gradually,  and  the  fluid  centi'al 
part  be  let  out  juft  before  it  folidifies,  by  pierc- 
ing the  outer  cruft,  the  cavity  will  be  found  to 
be  entirely  lined  with  comprefled  needle-fliaped 
cryftals.  When  fulphur  has  become  vifcid  by 
heat  its  fluidity  nray  be  reftored  merely  by  low- 
ering its  temperature  ; if  it  is  kept  in  tins 
thick  ftate  for  a few  minutes,  and  then  without 
previous  cooling  is  poured  into  warm  water,  it 
will  be  of  a brown  colour,  foft  and  confiderably 
plaftic  ; in  this  ftate  it  is  a very  ufeful  material 
to  artifts  and  modellers  for  taking  impreffions 
of  feals,  gems.  See.  efpecially  as  in  the  courfe 
of  a few  hours  it  refumes  the  hardnefs  and 
other  properties  of  common  fulphur.  This  foft 
fulphur  is  confidered  by  Fourcroy  (but  v/e 
think  without  fufficient  proof)  to  be  an  oxyd  of 
fulphur. 

Water  In  the  ftate  of  fteam  Is  partly  decom- 
pofable  by  melted  fulphur,  an  inflammable  gas, 
uerhaps  fulphuretted  hydrogen,  being  produced. 
With  oxygen,  fulphur  combines  in  two  propor- 
tions; if  this  latter  is  heated  in  common  air  till 
it  becomes  thick,  it  takes  fire,  burns  with  a blue 
flame,  and  is  converted  into  a pungent  highly 
fuffbeating acid  gas  called  Sulphureous  Acid; 
if  on  the  other  hand  it  is  fet  fire  to  in  oxygen 
^as,  the  flame  which  it  emits  is  of  a reddifh 


purple  colour,  and  the  acid  produced  is  SuL»* 
PHURic  mixed  wnth  fulphureous. 

The  chief  acids  that  have  any  aclion  on  ful-- 
phur  are  the  nitric,  oxymuriatic,  and  fulphuric. 
The  former  is  decompofed  upon  fulphur  at  a 
boiling  heat,  nitrous  gas  is  given  out,  and  ful- 
phuric acid  is  the  refult.  The  fecond  in  like 
mamrer  acidifies  the  fulphur,  but  ■with  fome 
peculiar  phenomena  deferibed  under  the  article 
Sulphurized  Muriatic  Acid.  Sulphuric  acid 
■with  fome  dilficulty  takes  up  a fmall  proportion 
of  fulphur,  and  fulphureous  acid  is  produced,  . 
partly  from  the  oxygenation  of  the  fulphur,  and  . 
partly  from  the  deoxvgenation  of  the  fulphuric 
acid. 

The  alkalies  and  alkaline  earths  combine  ■ 
with  fulphur  forming  the  important  clafs  of’ 
Alkaline  Sulphurets.  Moft  of  the  metals  and' 
metallic  oxyds  alfo  combine  with  fulphur  and 
produce  the  cfafs  of  Metallic  Sulphurets. 
Sulphur  unites  with  hydrogen,  forming  Hepatic  ' 
gas  or  Sulphuretted  Hydrogen.  The  com- 
binations of  fulphur  with  carbon  and  w'ith  phof- 
phorus,  have  been  already  deferibed  under  thofe 
articles. 

Sulphur  ■wdien  in  fine  po^wder  is  fparingly ' 
foluble  by  digeftion  in  highly  rediified  alcohol,  . 
but  a more  concentrated  folution  is  made  by 
prefenting  each  to  the  other  in  the  ftate  of  gas;., 
for  this  purpofe  put  fome  fulphur  into  a cucur- 
bit, and  fufpend  within  the  fame  a vial  filled' 
vrith  alcohol,  then  lute  on  a head  and  proper 
apparatus,  and  proceed  to  dlllillation  ; both  the  ■ 
fulphur  and  alcohol  are  volatilized,  and  meeting 
with  each  other  in  the  upper  part  of  the  veflel 
combine  readily  together,  and  condenfe  in  the 
receiver  into  a yellowifh  ftrongly  fmelling  fluid, 
from  which  nearly  the  whole  of  the  fulphur  may 
be  again  precipitated  by  the  addition  of  water. 

Oil  of  turpentine  and  the  other  eflentlal  oils 
difl’clve  a confiderable  proportion  of  fulphur 
when  hot,  the  greateft  part  of  which  they  again  ' 
depofif  in  cryftals  if  cooled  flowly..  The  fa*r 
oils  unite  with  fulphur  by  boiling,  and  acquire  a 
deep  ycjlowifh  brown  colour,  and  a ftrong  fetid' 
odour;  the  combination  is’ generally  called  bal~ 
farn  of  fulphur.  By  long  repofe  in  a cool  place, 
it  depofits  fmall  o£tohedral  cryftals  of  fulphur. 

The  order  of  affinities  for  this  fubftance,-  ac- 
cording to  Bergman  is,  fixed  alkali,  iron,  cop- 
per, tin,  lead,  filver,  bifmuth,  antimony,  mer- 
cury, arfenic,  and  molybdena. 

The  ufes  of  fulphur  are  very  important.  It 
is  employed  in  medicine;  it  enters  into  the 
compofition  of  fulphuric  acid,  of  gunpowder,, 


SUL 


SUL 


( 355  ) 


nrui  of  the  common  compofitioii  for  paying  the 
bottoms  of  (hips.  Its  fumes  when  burning,  are 
employed  for  bleaching  filk  and  wool,  and 
checking  the  progrefs  of  vinous  fermentation. 
Common  matches  which  are  in  daily  ufe  for 
lighting  fires  derive  their  principal  utility  from 
being  tipped  with  fulphur. 

SULPHUR,  golden,  of  Antimony.  See  An- 
timony. 

SULPHURET. 

SULPHURETTED  HYDROGEN. 
HYDROSULPHURETS,  &c. 

The  various  combinations  of  fulphur  with 
alkaline,  earthy,  and  metallic  bafes,  of  fulphur 
with  hydrogen,  and  the  latter  compound  with 
the  feveral  bafes  in  different  proportions  of 
fulphuration,  are  fo  intimately  conne£ted  wdth 
each  other  in  chemical  enquiry,  that  w^e  have, 
preferred  to  give  the  whole  under  one  article, 
efpecially  as  the  fubjeft  is  fomewhat  in- 
tricate, and  requires  fome  attention  to  be  fully 
underftood. 

7'he  feveral  combinations  which  belong  to 
this  fubjeft,  are 

1 . Sulphuretted  Hydrogen,  compofed  of  hy- 
drogen holding  fulphur  in  folution,  and  when 
uncombined  with  a bafe  alTuming  the  gafleous 
form. 

2.  The  Hydrofulphurets,  or  combinations  of 
fulphuretted  hydrogen  with  the  feveral  alkaline, 
earthy,  and  metallic  bafes,  in  which  its  aftion 
llrongly  refembles  that  of  an  acid. 

3.  The  Sulphurets,  or  combinations  of  ful- 
phur with  the  alkalies,  earths,  and  metals. 

4.  Superfulphuretted  Hydrogen,  or  fulphu- 
retted  hydrogen,  with  a confiderable,  but,  in 
general,  an  uniform  excefs  of  fulphur. 

Sulphuretted  Hydro-fulphurets,  or  combi- 
nations of  fulphur,  fulphuretted  hydrogen,  and 
the  •alkaline  or  earthy  bafes. 

Sulphuretted  Hydrogen  Gas,  or  Hepatic 
Air.  Gas  Hidrogene  Sulfure  of  Berthollet, 
and  other  French  chemifts.  Hydrothionic  Acid 
of  fome  German  authors. 

' The  properties  of  this  gas  wTre  firft  explained 
in  a very  excellent  memoir  by  Mr.  Kirwan,* 
and  nearly  at  the  fame  time  by  M.  Gengembre,*’ 
and  the  fociety  of  Dutch  chemifts,  and  fince 
this  period  they  have  been  ftill  more  fully 
unfolded  by  Berthollet,  Fourcroy,  Prouft,  and 
other  eminent  chemifts.  The  moft  ftriking  and 
obvious  properties  of  this  gas  are  the  following: 
it  has  a moft  penetrating  and  offenfive  fulphu- 
reous  fmell,  fimilar  to  that  of  rotten  eggs,  or  a 
foul  gun-barrel  when  wetted,  but  fomewhat 
defs  naufeous;  it  is  rather  heavier  titan  common 
• Phil.  Trans,  for  1786, 


air;  it  is  inflammable,  and  explodes  like  hydros 
gen,  only  with  lefs  violence,  wdien  mixed  with, 
common  air  or  oxygen;  when  moderately  di- 
luted it  mav  be  breathed  for  a ftiort  time  without 
danger;  it  is  ablorbed  readily  by  w'^ater  to  a 
certain  extent,  and  then  it  reddens  litmus,  and 
has  a fweetifti  but  very  naufeous  tafte;  it  fpeed- 
ily  blackens  fome  of  the  white  metals,  and  all 
their  folutions,  particularly  lead,  filver,  and 
mercury,  and  precipitates  feveral  metals  from 
their  folutions;  and  laftly  it  combines  copioufly 
with  the  alkaline,  earthy,  and  metallic  bafes, 
faturating  them  like  an  acid. 

This  gas  is  procured  in  greateft  abundance  by 
means  of  the  folid  fulphurets,  either  of  the 
alkalies  or  of  iron,  and  an  acid.  For  this  purpofc 
put  fome  pieces  of  the  fulphuret  of  potafli  (for 
example)  made  by  melting  together  equal  parts 
of  fulphur  and  common  carbonat  of  potafli,  into 
a proof  bottle,  and  add  fulphuric  or  muriatic 
acid  moderately  dilute.  An  effervefcence  will 
enlue,  attended  with  an  inteiifely  fetid  fmell, 
and  the  fulphuretted  hydrogen  gas  rifes  in 
abundance.  It  may  be  collected  either  over 
water  or  mercury;  if  the  former,  part  of  it  is 
abforbed  by  the  water;  if  the  latter,  the  mer- 
cury is  a good  deal  blackened  at  the  furface. 
This  gas  when  obtained  from  the  alkaline  ful- 
phuret, unlefs  a cauftic  alkali  be  ufed,  is  how- 
ever mixed  with  carbonic  acid,  and  therefore 
this  fulphuret  is  not  fo  good  a material  as  the 
fuh  fulphuret  of  iron,  or  that  in  which  the  fulphur 
‘ is  in  much  fmaller  proportion  to  the  iron  than 
in  the  common  native  fulphuret  or  pyrites. 
The  difference  between  thefe  fulphurets  has 
already  been  fully  explained  under  the  article 
Iron,  (Vol.  I.  p.  623  $5’  feq.J  and  a mafs  very 
convenient  for  yielding  the  gas  may  be  prepared 
by  half-filling  a crucible  with  common  iron 
pyrites,  covering  it  with  a tliird  or  half  its 
weight  of  iron  filings,  over  this  prefiing  a little 
charcoal  powder,  and  heating  the  whole  mode- 
rately red-hot  for  a quarter  of  an  hour.  It  is 
not  neceffary  to  urge  the  heat  to  the  fufion  of 
the  materials.  The  pyrites  and  iron  filings  may 
alfo  be  previoufly  mixed  and  treated  as  above. 
This  gives  a black  brittle  uniform  mafs  that 
yields  abundance  of  the  gas  with  muriatic  or 
dilute  fulphuric  acid.  A mixture  of  three  parts 
of  iron-filings  and  one  of  fulphur  fimply  melted 
together  in  a covered  crucible,  anfwers  as  well, 
as  the  pyrites  and  iron  filings. 

Sulphuretted  hydrogen  when  pure  is  heavier 
than  common  air  (according  to  Kirwan)  in  the 
proportion  of  10000  to  9038,  fo  that  100  cubic 
inches  of  it  weigh  about  33  grains.  When 

^ Journ.  dc  Phyfi^ue  for  1785. 

2 T Z 


SUL 


SUL 


( 


oOO 


) 


mixed  with  its  own  bulk  of  common  air  and 
kindled,  it  takes  fire  and  burns  with  a blue 
flame  without  detonation.  During  the  com- 
buftion  fulphur  is  conftantly  depofited,  and  a 
fulphureous  fmell  is  perceiveil.  When  previous- 
ly mixed  with  oxygen  and  kindled,  it  explodes 
v/ith  lonie  violence,  though  lefs  in  degree  than 
an  equal  quantity  of  hydrogen  in  fimilar  circum- 
itances.  A mixture  of  equal  parts  of  fulphu- 
retted  hydrogen  and  nitrous  gas  burns  with  a 
greenifh-yellow  lambent  flame,  and  fulphur  is 
depofited.  Accoi'ding  to  Sennebier  this  gas 
mixed  with  common  air  cannot  be  kindled  by 
the  eledlric  fpark. 

This  gas  is  diltinguifhed  by  the  depofition  of 
all  or  part  of  its  fulphur  whenever  it  is  deconi- 
pofed,  whether  by  combuflion  or  acids,  or  in 
any  other  way;  for  as  it  confills  Amply  of 
hydrogen  holding  a quantity  of  fulphur  in 
folution,  and  as  in  all  thefe  decompofitions  the 
hydrogen  is  the  fubftance  firft  a£led  on  by  the 
decompofing  fubftances,  at  the  inflant  of  de- 
compofition  it  quits  its  fulphur  before  the  latter 
has  an  opportunity  of  undergoing  its  peculiar 
changes.  Thus  in  the  combuflion  of  this  gas 
wdth  alarge  portion  of  common  air,  the  hydrogen 
unites  with  part  of  the  oxygen  of  the  air,  and 
produces  water,  and  at  the  fame  inflant  part  of 
the  fulphur  undergoes  combuflion  with  another 
portion  of  the  oxygen,  and  produces  fulphu- 
reous acid,  as  is  obvious  to  the  fmell,  but  the 
reft  of  the  fulphur  is  precipitated  in  its  natural 
form. 

Sulphuretted  hydrogen  is  readily  abforbed  by 
water,  and  in  confiderable  quantity.  Mr.Kirwan 
eftimates  that  at  a moderate  temperature  water 
will  take  up  about  three  fourths  of  its  bulk  of 
the  gas  as  procured  from  fulphuret  of  iron,  and 
by  long  continued  agitation  it  may  be  made  to 
abforb  as  much  as  twice  its  bulk.  The  -^diole 
is  again  expelled  at  a boiling  heat.  Hydro-ful- 
phuretted  water  has  a fweetiflr  naufeous  tafte, 
and  a very  ftrong  fetid  fmell,  but  the  difgufl 
excited  at  firft  tailing  it,  goes  off  very  foon 
when  daily  ufed,  as  it  is  medicinally.  This 
combination  is  found  native  in  many  fprings,  all 
the  coin  fulphureous  mineral  waters,  fuch  as 
thofe  of  Harrowgate,  Moffat,  &c.  being  natural 
folutions  of  fulphuretted  hydrogen  in  water. 
A much  fmaller  quantity  of  the  gas  than  can  be 
artificially  condenfed  in  water  is  fufficient  to 
render  water  moft  powerfully  fulphureous  to 
the  tafte  and  fmell,  for  the  Harrowgate,  which 
is  fo  celebrated,  contains  no  more  than  about 
■jV  of  its  bulk  of  the  gas.  Hydro-Iulphuretted 


w'atcr  if  expofod  to  the  air  for  a ftiort  time 
grows  turbid,  and  the  fulphur  is  flowly  depofit- 
ed on  the  fides  of  the  velfel  in  the  form  of  a 
thin  yellow  film.  A fimilar  decompofition  takes 
nlace,  though  in  a longer  time,  even  when  keut 
in  a clofe  veflel.  The  water  after  this  loles  its 
peculiar  feent.  Hence  in  ufing  thefe  waters 
medicinally  it  is  neceffary  to  drink  them  at  the 
fpring  head,  or  very  foon  after  being  drav.-n. 

Hydro-fulphuretted  water  reddens  the  infu- 
fion  of  litmus,  which  feems  to  ftiew  fome  acid 
property.  On  adding  a few  drops  of  fulphu- 
reous, nitric,  or  oxymuriatic  acid  to  the  w ater, 
fulphur  is  immediately  depofited,  which  is  the 
only  w'ay  of  extracling  the  fulphur  from  it  in 
fubftance.  Thefe  acids  feparate  the  fulphur  by 
combining  wdth  the  hydrogen.  But  if  a great 
excels  of  oxymuriatic  acid  is  ufed,  the  fulphur 
itfelf  becomes  oxydated,  and  converted  into  ful- 
phurlc  acid,  fo  that  the  liquor  becomes  again 
tranfparent,  and  the  newdy  generated  fulphuric 
acid  may  be  precipitated,  and  its  quantity  (and 
confequently  that  of  the  fulphur)  eftimated  by 
a barytic  folution.  Hydro-fulphuretted  water 
does  not  afle£l  lime-water  till  after  ftanding  for 
fome  time,  and  then  the  precipitate  is  fulphur 
and  not  lime,  and  hence  is  not  rediffolved  by 
weak  muriatic  or  any  other  acid.  This  forms 
a decifive  tell  to  diftinguifti  this  gas  from  car- 
bonic acid  or  any  admixture  of  the  two.  This 
water  or  any  other  folution  of  fulphuretted 
hydrogen  alfo  immediately  blackens  the  folutions 
of  lead,  filver,  and  bifmuth,  and  produces  other 
peculiar  effedls  on  metallic  falts,  which  will  be 
prefently  mentioned. 

The  following  effects  were  produced  by  the- 
mixture  of  this  with  the  other  gafles,'^  the 
experiments  being  performed  over  mercury. 

Equal  parts  of  fulphuretted  hydrogen  and 
common  air  mixed  together  remained  unaltered 
for  feveral  days,  with  a diminution  of  only 
in  bulk,  and  a Uackening  of  the  furface  of  the 
mercury.  The  fame  took  place  when  pure 
oxygen  gas  was  fubftituted  to  common  air,  and 
after  eight  days  the  mixture  exploded  when 
fired.  Very  little  adlion  therefore  takes  place 
between  thefe  gafles  unlefs  water  be  prefent. 

Equal  parts  of  fulphuretted  hydrogen  and 
muriatic  acid  gas  remained  tuialtered,  and  the 
mercury  was  not  blackened. 

No  a£lion  enfued  on  mixing  this  gas  with 
carbonic  acid  gas. 

On  adding  five  cubic  Inches  of  fulphureous 
acid  gas  to  one  of  fulphuretted  hydrogen,  in 
lefs  than  a minute,  witliout  agitation,  the  fides 
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cf  the  gltfs  were  covered  with  a whitifh  fcum 
which  I'eemed  moiit,  and  a diminution  of  one 
cubic  inch  took  place.  Six  more  cubic  inches 
of  fulphuretted  hydrogen  were  added  fucceflive- 
ly,  a diminution  took  place  after  each,  lo  that 
at  lafl  1 1 inches,  (namely  5 of  fuiphureous  acid 
gas,  and  6 of  fulphuretted  hydrogen)  were 
reduced  to  3 inches,  part  of  which  was  foluble 
in  water,  and  the  remainder  was  azot.  The 
jar  was  coated  with  fulphur  in  the  procefs,  and 
when  rinced  out,  the  water  ufed  for  the  purpofe 
gave  a white  precipitate  with  the  folutions  of 
barytes,  filver,  and  lead,  and  lime-water,  and 
contained  both  carbonic  and  fulpliuric  acids.  The 
colour  of  the  precipitates  of  the  above  metallic 
folutions  proved  that  all  the  fulphur  in  the  ful- 
phuretted hydrogen  had  been  feparated  before 
the  w'ater  was  admitted  to  the  refidual  gas.  'ITie 
mutual  actions  that  take  place  between  all  thefe 
fubftances  mull  be  very  complicated.  On  the 
one  hand  fulphur  diflblved  in  hydrogen  is  mixed 
with  a gafleous  combination  of  fulphur  not 
faturated  with  oxygen,  and  the  produ£ls  are, 
much  fulphur  in  fubftance,  w'ater  and  fulphuric 
acid,  or  fulphur  Jaturated  with  oxygen,  (the 
carbonic  ^acid  and  azot  being  put  out  of  the 
quellion,  as  being  probably  accidental  impurities) 
and  withal  there  is  a great  diminution  in  the 
bulk  of  the  gafles.  Therefore  we  mult  fuppofe 
that  the  hydrogen  of  the  fulphuretted  hydrogen 
unites  wdth  part  of  the  oxygen  of  the  fulplui- 
reous  acid  gas  to  produce  water,  and  thereby 
depofits  in  fubftance  the  fulphur  with  w'hich  it 
w’as  combined ; and  on  the  other  hand  the 
fuiphureous  acid  being  deprived  of  part  of  its 
oxygen,  depofits  much  of  its  fulphur  in  fub- 
ftance, whilft  the  remainder  of  its  oxygen 
condenfes-itfelf  into  another  part  of  the  fulphur 
and  produces  fulphuric  acid.  According  to  this 
explanation  therefore,  both  the  gafles  contribute 
to  the  formation  of  the  fulphur,  and  certain  it 
is  that  the  quantity  of  fulphur  is  much  too  great 
to  arife  folely  from  the  fulphuretted  hydrogen. 

When  8 cubic  inches  of  fulphuretted  hydro- 
gen were  mixed  with  9 inches  of  nitrous  gas,  a 
yellowifh  cloud  appeared,  together  with  a fudden 
abforption,  which  gradually  increafed,  till  after 
48  hours  the  whole  was  reduced  to  6 cubic 
inches,  and  the  top  and  fides  of  the  jar  were 
covered  with  a wdiite  cake  of  fulphur.  The 
refidual  air  appeared  to  be  nitrous  oxyd.  The 
theory  of  this  decompofition  is  obvious,  and 
.much  fimpler  than  the  laft,  the  hydrogen  of  the 
fulphuretted  hydrogen  uniting  with  part  of  the 
oxygen  of  the  nitrous  gas,  leaving  the  remainder 


in  the  form  of  nitrous  oxyd,  and  the  fulphur 
being  depofited  unchanged. 

Sulphuretted  hydrogen  and  ammoniacal  gas 
appear  to  combine  totally  if  the  ingredients  arc 
pure  and  in  proper  proportions.  On  adding  6 
cubic  inches  of  the  former  to  7 of  the  latter  gas 
a fmall  white  fcum  appeared,  but  in  a few 
feconds  the  whole  was  reduced  to  y of  an  inch, 
and  on  throwing  up  water  only  -j-  of  an  inch 
remained.  The  water  thus  impregnated  is  a 
folution  of  hydro-fulphuret  of  ammonia,  and, 
as  appears,  no  decompofition  takes  place,  for 
fcarcely  any  fulphur  is  depofited.  This  com>- 
bination  wall  be  afterwards  mentioned  more 
at  large. 

Sulphuric  acid  abforbs  fulphuretted  hydrogen. 
One  meafure  of  the  acid,  of  1.863  g*"* 

found  by  Mr.  Kirwan  to  take  up  nearly  2 
meafures  of  the  gas  over  mercury,  and  the  acid 
was  whitened  with  a copious  depofition  of 
fulphur. 

Concentrated  nitrous  acid  abforbs  part  of  the 
air  and  feparates  fulphur,  but  it  is  extremely 
difficult  to  contrive  an  unexceptionable  mode  of 
making  the  experiment,  for  the  acid  a<Ts  upon 
mercury,  and  if  water  is  ufed,  it  dilutes  the 
acid  fo  much  that  it  no  longer  has  the  power  of 
decompofing  the  gas  and  feparating  the  fulphur. 

Alcohol  readily  abforbs  about  thrice  its  bulk 
of  this  gas.  Water  precipitates  a part  of  the 
fulphur  from  it.  Sulphuric  ether  alfo  abforbs 
about  half  its  bulk  of  the  gas. 

It  has  been  mentioned  that  the  cafieft  method 
of  procuring  fulphuretted  hydrogen,  is  by  adding 
an  acid  to  the  alkaline,  earthy,  or  metallic 
fulphurets. 

In  this  cafe,  as  Gengembre  has  proved,  part  of 
the  water  of  the  acid  is  decompofed,  its  hydro- 
gen  forms  a gafeous  combination  with  part  ofi 
the  fulphur  prefent,  and  produces  the  lulphu-  > 
retted  hydrogen,  whilft  its  oxygen  unites  with  ( 
another  portion  of  fulphur,  and  forms  fulphuric  1 
acid,  which  is  always  found  in  the  refidue  in  i 
exadl  proportion  to  the  quantity  of  gas  produced. 

Sulphuretted  hydrogen  is  alfo  formed  without 
any  apparent  decompofition  of  water,  being 
produced  in  abundance  by  heating  ftrongly  a 
mixture  of  fulphur  with  any  fubftance  that 
yields  hydrogen.  Thus  Mr.  Kirwan  obtained 
it  in  large  quantity  by  heating  a mixture  of  two 
parts  of  white  fugar  (previoufly  melted  to  expel 
all  the  moifture)  with  one  of  fulphur.  This  gas 
was  very  pure  and  contained  neither  carbonic 
nor  any  other  acid.  On  the  other  hand  a 
mixture  of  fugar  and  fulphur  moiftened  witli 
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Tiiuriatic  acid  gave  out  no  gas,  becaufe  there  fued,  part  of  it  may  doubtlefs  arife  from  occa' 
was  no  power  applied  capable  of  refolving  the  fional  variation  in  the  • conhitution  of  the  gas, 
fugar  into  hydrogen.  Many  other  methods  of  for  there  is  no  fatisfaftory  reafon  for  fuppoling 
obtaining  the  gas  might  be  fuggefted,  in  which  that  the  degree  of  fulphuration  of  this  gas 
fulphur  fhould  be  in  contadb  with  hydrogen  at  fliould  be  always  uniform,  any  more  than  the 
the  moment  of  its  formation.  This  gas  however  proportion  of  phofphorus  in  the  phofphuretted 
• is  not  produced  by  heating  fulphur  in  contadl  hydrogen,  or  of  arfenic,  in  the  arfenicated  hy- 
w'lth  hydrogen  gas,  nor  by  paffing  this  gas  over  drogen,  which  are  known  to  vary  confiderably. 
fulphur  melted,  and  kept  red-hot  in  a clofe  Tliere  is  likewife  fome  difference  in  the  ful- 
tube,  fo  that  it  appears  neceflary  in  all  cafes  phuretted  hydrogen,  according  to  the  fulphuret 
tliat  the  hydrogen  fhould  be  prefented  to  the  or  other  material  from  which  it  is  procured, 
fulphur  either  in  a nafcent  flate,  or  condenfed  independently  of  any  palpable  admixture  of  car- 
in  a folid  or  liquid.  bonic  acid  or  other  known  gaffes,  for  that 

According  to  Mr.  Kirwan,  loo  cubic  inches  which  is  procured  from  the  fulphuret  of  ftron- 
of  this  gas  contain  about  30  grs.  of  fulphur.  tian  burns  with  a red  colour  like  the  falts  of  this 
Whence,  fuppofing  that  100  cubic  inches  of  earth,  which  would  fliew  that  fome  of  the 
common  air  weigh  30.414  grs.  (at  60°  Th.  and  flrontian  itfelf  is  volatilized  along  with  the  gas. 
29.5°  Bar.)  and  that  this  gas  is  heavier  than 

common  air  in  the  proportion  of  10000  to  9038,  Metallic  Hydro-fulphiirets, 

100  cubic  inches  of  fulphuretted  hydrogen  Sulphuretted  hydrogen  exercifes  a very 

fnould  weigh  33.65  grains,  of  which  30  grains  ftrong  adfion  on  fome  metals  in  fubftance,  and 
are  fulphur,  and  3.65  grains  hydrogen.  The  on  many  more  metallic  falts.  When  fulphu- 
quantity  of  fulphuretted  hydrogen  contained  in  retted  hydrogen,  either  in  the  gaffeous  form,  or 
any  water,  he  eftimates  by  the.quantity  of  ful-  diflblved  in  water,  is  added  to  a metallic  folu- 
phur  precipitated  and  collefted,  when  a given  tion,  part  of  the  hydrogen  firfl  unites  with  part 
portion  of  the  water  is  decompofed  by  nitrous  if  not  ail  of  the  oxygen  of  the  metallic  oxyd, 
gas  and  common  air,  as  will  be  more  fully  and  reduces  it  nearly  to  the  metallic  ftate,  and 
deferibed  under  the  article  Waters  (yl//«ifra/).  the  remainder  of  the  fulphur  and  hydrogen 
In  this  method  therefore,  and  from  the  above  unite  with  the  metal,  and  the  whole  is  generally 
data,  30  grs.  .of  fulphur  would  indicate  1 00  feparated  from  the  acid  of  the  folution  in  the 
cubic  inches  of  the  gas,  and  therefore  one  form  of  a coloured  precipitate,  which  therefore 
grain  of  fulphur  is  equivalent  to  3y  cubic  inches  is  either  a fulphuret  or  a hydro-fulphuret  of 
of  the  gas.  the  metal  according  to  circumftances.  Some- 

llie  eftimatlon  made  by  Thenard,  of  the  times  too  a fmall  portion  of  fulphuric  acid  is 
compofition  of  this  gas,  does  not  even  approach  formed  at  the  fame  time,  which  renders  the 
to  that  of  Kirwan  juft  mentioned.  Thenard  play  of  affinities  ftill  more  complex.  Some  of 
eftimates  the  cubic  centimetre  of  the  gas  to  the  metallic  folutions  afford  no  precipitate  with 
weigh  (at  a medium  preffure  and  temperature^  fulphuretted  hydrogen,  or  at  leaft  the  precipi- 
1.5  13  millegrammes,  vduch  reduced  to  Engliffi  tate  Is  rediffolved  by  a flight  excefs  of  acid,  but 
meafure  would  give  the  weight  of  100  cubic  with  other  metals  it  is  permanent, 
inches  at  41. 1 grains  inftead  of  33.65  as  Mr.  Nitro-muriat  of  Gold  Is  precipitated  black  by 
Kirwan  eftimates  it.  Mr.  Thenard  analyfes  the  hydro-fulphuretted  water,“  — nitrat  of  Silver^ 
gas  by  caufing  water  to  abforb  the  whole,  and  black,  but  the  precipitate  Is  again  foluble  by 
then  adding  oxy muriatic  acid  fufficient  firft  to  agitation  if  there  is  a fenfd)le  excefs  of  acid- 
precipitate  The  fulphur,  and  then  to  convert  it  nitrated  Mercury,  yellowilh  brown,  and  Cor- 
totally  into  fulphuric  acid,  from  the  weight  of  roj^ve  Sublimate  dark  yellow,  which  becomes 
which  (as  indicated  by  the  quantity  of  fulphat  black  by  agitation  — fulphat  of  Copper,  black, 
of  barytes  formed  on  adding  muriated  barytes j and  nitrat  of  Copper  brown — nltrc-muriat  of 
he  eftimates  that  of  the  fulphur  entering  into  Platina,  reddifli  white — the  falts  of  Lead,  deep 
its  compofition.  From  thefe  data  he  concludes  black — thofe  of  Zinc,  white — the  falts  of  Bif- 
tliat  too  parts,  by  weight,  of  the  gas  are  com-  muth,  reddifh  brown,  paffing  into  black — mu- 
pofed  of  70.857  of  fulphur,  and  29.143  of  riat  of  Tin,  a dull  white. 

hydrogen,  whereas  the  proportions  given  by  The  metals  that  are  not  precipitated  from 
Mr.  Kirwan  would  be  (in  100  by  weight)  about  their  folutions  by  fulphuretted  hydrogen,  are 
89.1  of  fulphur,  and  10.9  of  hydrogen.  Iron,  Cobalt,  Nickel,  Mangnnefe,  and  in  fome 

Though  much  of  this  difference  muft  be  cafes  Antimony  and  Arfenic.  Thefe  folutions 
£ifcribed  to  the  different  mode  of  analyfis  pur-  however  are  deeply  coloured  by  the  fulphuret, 

* Kirwan  and  Berthollet. 
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th'at  of  iron  becoming  black  ; of  antimony, 
orange;  of  arfcnic,  yellow,  &c.  but  either  no 
precipitate  forms,  or  if  formed,  it  is  redillblved 
by  any  excefs  of  acid.  Thus  if  fulphureited 
hydrogen  is  added  to  a folution  of  the  red  ful- 
phat  of  iron,  the  metal  is  immediately  brought 
to  the  Hate  of  the  green,  or  lei's  oxygenated 
fulphat,  but  no  precipitate  is  formed  unlel's  the 
fulphuretted  hydrogen  be  in  great  excefs,  as 
the  red  fulphat  has  naturally  an  excefs  of  acid. 
On  this  principle  is  founded  an  ufeful  tell  to 
diftinguilh  iron  from  lead  in  wine  or  any  other 
liquor,  for  by  adding  hydro-fulphuretted  water, 
and  a flight  excefs  of  dilute  muriatic,  or  any 
other  weak  acid,  if  iron  only  be  prefent,  the 
liquor  will  aflume  a deep  red,  but  will  remain 
tranfparent,  whereas  lead  will  give  a black 
muddy  fediment.  Often  too  this  teft  is  ufeful 
for  feparating  one  metal  from  another  in  the 
fame  folution,  both  where  a precipitable  and  a 
non-precipitable  metal  are  prefent,  and  where 
there  are  metals  more  or  lefs  eafily  precipitable. 
Thus  if  manganefe,  zinc,  tin,  and  copper,  are 
in  the  fame  folution,  the  firft  addition  of  hy- 
dro-fulphuretted water  will  feparate  the  tin,  af- 
ter which  the  copper  will  fall,  and  then  the 
zinc,  whilfl;  the  manganefe  remains  in  folution. 

In  all  the  above  circumllances  it  is  the  fim- 
ple  hydro-fulphuretted  water  which  is  meant, 
and  not  the  alkaline  hydro-fulphurets,  for 
though  the  a£tion  of  the  latter  is  in  general 
very  fimilar  to  that  of  the  Ample  hydro-ful- 
phurets there  are  fome  important  differences, 
and  in  particular,  the  alkaline  hydro-fulphurets 
precipitate  all  the  metallic  folutions  without 
exception,  as  will  be  afterwards  noticed. 

Alkaline  and  £art/'y  Hydro-Sulphur ets. 

Sulphuretted  hydrogen  unites  readily,  and  in 
large  quantity  with  the  alkalies  and  alkaline 
earths,  forming  tranfparent,  colourlefs,  often 
cryftallizable  falts,  in  which  the  bafe  is  nearly 
if  not  entirely  faturated,  and  from  which  the 
fulphuretted  hydrogen  is  expelled  in  ftrong 
eft'ervefcence  by  the  addition  of  a ilronger  acid 
(as  the  carbonic  is  from  the  carbonats)  without 
any  other  decompofition  or  depofition  of  ful- 
phur,  unlefs  the  acids  ufed  ave  the  nitrous  or 
oxymuriatic  which  are  themfelves  decompofed, 
and  yield  oxygen  to  the  fulphuretted  hydro- 
gen. 

The  hydro-fulphurets  are  all  foluble  in 
water,  and  the  folution  is  at  firfl;  colourlefs,  but 
by  expofure  to  air  it  becomes  firfl  greeniih  yel- 
low and  then  depofits  fulphur,  and  in  this  flate 
the  flrongcr  acids  caufe  a further  precipitation 
of  fulphur.  After  a while  alfo  fulphureouj 


acid  is  formed,  and  may  be  expelled  by  a- 
flronger  acid,  but  this  docs  not  take  place  till 
all  the  fulphuretted  hydrogen  is  decompofed.- 
Finally,  when  the  hydro-iulphuret  has  been 
very  long  expofed  to  the  air  it  becomes  again 
entirely  colourlefs,  and  lofes  all  its  fulphureous 
fmell  and  tafle,  and  is  converted  into  a fulphat 
of  the  alkali  or  earth  which  was  originally  em-- 
ployed. 

Hydro-Sulphuret  of  Pot ap  is  formed  by  pafs-" 
ing  fulphuretted  hydrogen  through  a folution 
of  potaih  till  no  more  will  be  abforbed,  and 
expelling  the  excefs  of  fulphuretted  hydrogen 
by  boiling  for  a few  minutes.  The  lolution 
evaporated  and  cryftallized  gives  a perfectly 
tranfparent  colourlefs  fait  in  large  cry  Hals,  with 
an  alkaline  and  very  bitter  talle.  It  deliquefees 
in  the  air,  and  then  has  the  peculiar  fetid  fmell 
of  fulphuretted  hydrogen,  but  when  dry  it  is 
fcentlefs.  It  difl'olves  in  water  and  alcohol, 
pro\hi.cing  cold  during  folution,  which  is 
proof  of  the  complete  flituration  of  the  alkali. 
Acids  caufe  a lively  effervefccnce  and  expell 
pure  fulphuretted  hydrogen,  but  no  fulphur  is 
depofited. 

This  fait  may  be  formed  by  calcining  a mix- 
ture of  fulphat  of  potafli  and  charcoal,  by 
which  the  fulphat  is  converted  into  a fulphuret, 
and  by  lixiviating  the  fulphuret  with  water,  and 
faturating  this  folution  with  fulphurettetl  hy- 
drogen by  which  the  excefs  of  fulphur  will  be 
depofited,  and  a Ample  hydro-fulphuret  of  pot- 
afh  will  remain  in  folution. 

Hydro-fulphuret  of  Soda.  This  fait  is  prepared 
in  the  fame  manner  as  the  laH,  and  refembles  it 
clofely  in  moft  of  its  chemical  properties.  It 
was  ArH  obtained  cryHallized  by  Vauquelin,  in 
the  following  way;  a mafs  of  impure  carbonat 
of  foda  procured  by  the  decompofition  of  com- 
mon fait  was  lixiviated  to  extract  the  carbonat 
of  foda,  and  tlie  mother  liquor  after  Handing 
at  reH  for  a confiderable  time  was  found  filled 
with  a colourlefs  tranfparent  fait  cryHallized  in 
four-fided  prlfms,  which  had  an  acrid-  burning  , 
taHe  fucceeded  by  an  intenfe  bltternefs,  and  a 
flight  flavour  of  fulphuretted  hydrogen.  This 
fait  difl'olves  copioufly  in.  water,  producing  cold 
during  folution,  and  the  liquid  has  a flightly 
fulphureous  fmell.  Muriatic  and  fulphuric 
acids  expell  fulphuretted  hydrogen,  and  do  not 
produce  any  turbidnefs,  but  the  nitric  and  oxy- 
muriatic acids,  (that  is,  thofe  which  yield  oxy- 
gen readily)  feparate  an  abundance  of  fulphur. 

The  mode  of  its  protruftion  in  the  cafe  men- 
tioned by  V auquellfi,  muH  have  been  the  fol- 
low'ing ; muriat  of  foda  was  decompofed  in  the 
large  way,  (probably  by  gypfuin  and  pyrites] 
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and  a proportional  quantity  of  fulpliat  of  foda 
produced  ; the  latter  fait  was  decompofed  by 
the  combination  of  chalk  and  charcoal  (in  the 
way  defcribed  under  the  article  Muriat  of  Soda, 
p.  130)  and  a quantity  of  carbonat  of  foda  was 
produced,  but  probably  owing  to  not  employing 
chalk  enough,  part  of  the  fulphat  of  foda 
efcaped  entire  decompoution,  and  was  con- 
verted by  the  charcoal  into  a fulphuret,  which 
by  lixiviation  became  a hydro- fulphuret,  and 
cryftallifed  by  repofe. 

Idydro-fulphuret  of  foda  is  ufefully  employed 
as  a chemical  tell  to  feparate  certain  metals 
from  mixed  folutions  of  metals  and  earths,  as 
the  alkaline  hydro-fulphurets  will  precipitate 
the  former  but  not  the  latter,  except  thofe  of 
ajumine. 

Hydro-fulphuret  of  Ammonia.  The  compleat 
condenfation  of  fulphuretted  hydrogen  and  am- 
moniacal  gas,  confined  over  mercury,  has  been 
already  mentioned.  The  refult  is  hydrc  bil- 
phuret  of  ammonia,  which  how'^ever  is  fo  ned 
more  conveniently  by  palling  the  gas  through 
liquid  ammonia  till  the  latter  is  faturated. 
Tins  folution  has  a greenifh  yellow  colour,  and 
agrees  with  the  other  hydro-fulphurets  in  the 
elTential  quality  of  giving  out  fulphuretted  hy- 
drogen on  the  addition  of  an  acid,  and  of  not 
precipitating  any  fulphur  in  the  procefs.  When 
the  ammonia  is  in  excefs,  and  the  folution  con- 
centrated, it  conftantly  fends  forth  white  fumes 
W'hen  expofed  to  air,  which  confift  of  unfatur- 
ated  ammoniacal  gas  holding  hydro-fulphuret 
of  ammonia  in  folution.  This  fuming  property 
was  firft  obferved  by  Boyle,  in  the  liquor  pre- 
pared by  difUlling  lime,  fal  ammoniac,  and  ful- 
phur, and  which  will  be  afterwards  defcribed 
under  the  head  of  Sulphuretted  hydro-fulphurets. 

Hydro  fulphuret  of  Barytes.  This  fait  might 
doubtlefs  be  prepared  like  the  other  hydro-ful- 
phurets, fimply  by  faturating  barytic  water 
with  fulphuretted  hydrogen  ; but  it  is  more 
conveniently  obtained,  as  Berthollet  has  difco- 
vered,  through  the  intermedium  of  the  dry  ful- 
phuret of  barytes.  For  this  purpofe  mix  ful- 
phat of  barytes  with  about  a fixth  of  its  weight 
of  finely  powdered  charcoal,  and  calcine  it  in  a 
moderate  red  heat  for  about  half  an  hour,  in  a 
covered  earthen  crucible.  This  produces  a 
fulphuret  of  barytes  which  is  to  be  dillblved  to 
faturation  in  boiling  water,  and  on  hafty  eva- 
poration and  cooling  a copious  quantity  of  irre- 
gular cryftals  w'ill  be  formed,  which  may  be  fe- 
parated  from  the  adhering  liquor  by  prefiing 
them  between  folds  of  filtering  paper.  The 
f^lt  is  then  white  and  tranfparent,  and  is  the 


hydro-fulphuret  of  barytes.  The  folution  that 
remains  is  the  fame  fait  wdth  an  excefs  of  ful- 
phur. If  the  firft  folution  before  the  feparation 
of  the  faline  cryftals  be  decompofed  by  carbon- 
ated foda,  carbonat  of  barytes  falls  dowm,  and 
the  folution  contains  very  pure  hydro-fulphuret 
of  foda.  If  muriatic  acid  be  added  inftead  of 
carbonated  foda,  a moft  copious  emlflion  of 
fulphuretted  hydrogen  takes  place,  and  muri-lBitJJ 
ated  barytes  remains  in  folution.  The  above  praS 
m.ethods  of  procuring  carbonat  and  muriat  of 
barytes  are  very  ufeful  in  the  laboratory.  ^ 

Sulphuret  of  barytes  gives  out  a greater 
quantity  of  fulphuretted  hydrogen  than  any 
other  of  the  fulphurets,  whence  the  eafe  with 
which  that  portion  of  the  earth  becomes  fatu- 
rated with  the  fulphuretted  hydrogen,  w'hich 
feparates  in  the  cryftalline  form.  This  is  ex- 
plained by  Berthollet  from  the  ftrong  affinity 
which  barytes  has  with  fulphuric  acid,  and  the 
confequent  rapidity  with  which  this  acid  is  ge- 
generated.  Hydro-fulphuret  of  barytes  has  an 
acrid  and  fulphureous  tafte,  and  is  readily  de- 
compofed by  the  atmofphere,  and  fulphat  of 
barytes  is  precipitated  along  with  fulphur. 

Hydro-fulphuret  of  Strontian.  'Fhis  fait  is 
formed  precifely  in  the  fame  way  as  the  former. 

The  gas  which  it  gives  out  when  decompofed 
by  acids  burns  with  a red  flame  like  the  other 
falts  of  ftrontian. 

Hydro-fulphuret  of  Magnefia.  If  pure  miag- 
nefia  is  diffufed  through  water,  and  fulphuretted 
hydrogen  palled  through,  a folution  is  efle£led, 
and  a hydro-fulphuret  of  magnefia  is  formed. 

Hydro-fulphuret  of  Lime.  This  fait  is  ob- 
tained by  paffing  fulphuretted  hydrogen  through 
lime  diftufed  in  water.  A ftrong  yellow  folu- 
tion is  made  which,  when  poured  off  clear 
from  the  remaining  lime,  ihould  be  fully  fatu- 
rated with  the  gas,  and  the  excefs,  if  any,  after- 
wards expelled  by  boiling.  This  folution  has 
not  been  cryftallized. 

Berthollet,  to  whom  we  are  Indebted  for  the 
moft  accurate  ideas  and  experiments  on  the  hy- 
dro-fulphurets, affigns  to  barytes  the  firft  rank 
in  the  order  of  affinities  of  the  refpeftive  alka- 
line and  earthy  bafes  to  fulphuretted  hydrogen. 

As  potafh  precipitates  lime  from  the  hydro-ful- 
phuret of  lime,  it  precedes  lime  in  affinity,  and 
lime  precipitates  and  decompofes  the  hydro-ful- 
phurets of  ammonia  and  magnefia.  The  order  ol 
affinity  therefore,  is,  probably,  barytes,  ftron- 
tian, potaffi,  foda,  lime,  ammonia,  and  magnefia, 
the  two  latter  nearly  equally.  When  an  alkaline 
hydro-fulphuret  is  added  to  any  earthy  fait, 

(thofe  of  alumine  and  zircon  excepted j no  preci- 
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pitatloa  takes  place,  either  becaufe  no  decom- 
pofition  occurs,  or  becaufe  the  new  compounds 
are  equally  foluble  with  the  former.  The  fo- 
lutions  of  alumine  and  zircon,  however,  are 
precipitated  by  the  alkaline  hydro-fulphurets, 
as  well  as  all  the  metallic  falts. 

The  action  of  the  alkaline  hydro-fulphurets 
on  metallic  falts  will  be  afterwards  mentioned. 

SuLPHURETS  or  Hepars,  Liver  »f  Sulphur. 
Sulfure  of  Berthollet,  and  other  French  che- 
mifts. 

When  fulphur  is  melted  with  an  alkali  a 
brown  uniform  mafs  is  produced,  which  as  long 
as  it  continues  dry  is  a Ample  combination  of 
fulphur  and  alkali.  But  while  diflblving  in  water 
a certain  quantity  of  fulphuretted  hydrogen  is 
immediately  generated,  which  remains  in  the 
folution  and  unites  with  the  fulphur  and  alkali, 
but  may  be  expelled  by  the  addition  of  an  acid, 
which  at  the  fame  time  precipitates  the  greater 
part  of  the  fulphur  in  a ftate  of  purity.  The 
liquid  fulphurets  therefore  contain  fulphur,  al- 
kali or  alkaline  earth,  and  fulphuretted  hydro- 
gen, fo  that  they  differ  from  the  hydro-fulphu- 
rets of  the  fame  bafes  in  containing  a large 
excefs  of  fulphur,  and  therefore  give  with  adds 
a copious  precipitate  of  fulphur,  which  the 
Ample  hydro-fulphurets  do  not. 

Berthollet  confiders  the  fulphuretted  hydro- 
gen in  the  liquid  alkaline  fulphurets  as  the  in- 
termede  by  which  the  fulphur  is  diffolved  in 
the  alkali,  and  therefore  as  an  effential  part  of 
the  compound,  and  he  denies  the  poffibility  of 
a liquid  fulphuret  exifting  without  containing 
fulphuretted  hydrogen  in  its  compoAtion. 
Hence  he  terms  thefe  compounds  Sulfures  Hy- 
drogenes, which  Mr.  Chenevix  calls  Hydroguret- 
ted  Sulphurets,  and  which  may  with  equal  pro- 
priety be  termed  Sulphuretted  Hydro-fulphurets . 

But  it  is  not  every  combination  of  fulphur, 
fulphuretted  hydrogen,  and  a bafe,  to  which 
this  term  can,  as  we  apprehend,  be  juftly 
given,  but  only  to  that  compound  In  which  the 
whole  of  the  fulphur  may  be  fuppofed  to  be 
united  entirely  with  the  fulphuretted  hydrogen, 
and  through  its  intervention,  to  the  bafe;  or  in 
other  words,  to  a compound  in  which  no  fur- 
ther addition  of  fulphuretted  hydrogen  will 
caufe  a precipitation  of  fulphur.  For  the  com- 
mon liquid  fulphurets  (made  either  by  uniting 
fulphur  to  an  alkali  by  fuAon,  and  diffolvingthe 
melted  mafs,  or  by  boiling  the  alkaline  folution 
with  fulphur)  contain  a very  large  excefs  of 
fulphur,  moft  of  which  is  feparated  by  every 
acid,  and  alfo  a gre.at  part  of  it  by  fulphuretted 
VOL.  a. 


hydrogen,  which  here  as  in  many  other  In- 
ftances  performs  the  part  of  an  acid,  and  unit- 
ing to  the  alkali  with  a ftronger  affinity  than 
fulphur  does,  expells  part  of  it,  but  alfo  dif- 
folves  another  portion,  and  carries  this  latter 
along  with  it  into  the  compound  which  it 
then  forms.  The  proper  fulphuretted  hydro- 
fulphurets  therefore  are  thofe  which  are  made 
by  digefting  a hydro- fulphuret  with  fulphur, 
which,  as  Berthollet  has  fliewn,  takes  up  a por- 
tion of  it,  and  again  depoAts  it  on  the  addition 
of  a ftronger  acid.  Perhaps  too  the  hydro-ful- 
phurets when  they  have  been  fo  long  expofed 
to  the  air  as  to  turn  yellow  and  depofit  fulphur 
by  the  addition  of  an  acid,  may  be,  confidered 
as  fulphuretted  hydro-fulphurets,  though  in  a 
much  lefs  concentrated  ftate  than  the  former. 

With  regard  to  the  common  liquid  fulphu- 
rels,  Prouft  has  alfo  fhewn  that  the  proportion 
of  fulphuretted  hydrogen  which  they  contain, 
varies  fo  much,  and  is  fo  little  proportioned  to 
the  quantity  of  fulphur  a£l:ually  prefent  in  the 
Tolution,  as  to  render  it  extremely  improbable 
that  the  whole,  or  even  the  greater  part  of  the 
fulphur  is  united  to  the  alkali  in  folution  by  the 
intervention  of  the  fulphuretted  hydrog^ 
which  they  all  confeffedly  contain. 

The  fame  excellent  chemift  has  alfo  given  a 
method  (which  we  (hall  prefently  mention)  by 
which  every  fenfible  portion  of  fulphuretted 
hydrogen  may  be  extracted  from  the  folution; 
whilft  the  alkaline  bafe  and  the  greater  part  of 
the  fulphur  remain  untouched, — another  pre- 
fumptive  proof  that  fulphuretted  hydrogen  is 
not  effential  to  the  liquid  folution’of  fulphur  in 
alkali. 

We  (hall  therefore  retain  the  terms  dry  and 
liquid  fulphuret,  to  Agnify  the  common  folld  and 
Auld  combinations  of  fulphur  with  a bafe,  and 
proceed  to  deferibe  the  individual  fulpliurets. 

Sulphuret  of  Potafh.  Common  Liver  of  Sulphur. 
The  combination  of  fulphur  and  potafti  is  that 
which  has  been  the  longed  known  to  chemifts, 
and  may  be  prepared  in  feveral  ways.  The 
antient  method  is  the  following:  mix  two  parts 
of  dry  carbonat  of  pota(h  with  one  of  fulpljur 
and  melt  the  mixture  in  a crucible  with  a heat 
gradually  raifed  to  rednefs,  till  the  whole  (lows 
into  an  uniform  mafs.  As  the  potafh  is  car- 
bonated, a confiderable  effervefcence  arifes  when 
the  materials  begin  to  melt;  fo  that  the  crucible 
(liould  be  large  and  the  heat  gradual.  When 
the  fwelling  of  the  mafs  has  fubfided  and  the 
whole  remains  in  quiet  fuAon,  pour  it  out  on  a 
fmooth  greafed  done,  and  as  foon  as  it  is  cOol 
enough  to  he  handled,  break  it  and  put  the 
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excels  jn  the  foiution,  and  is  diiTolved  m the 
pieces  into  a well  clofed  dry  bottle.  The  ful- 
phuret  thus  prepared  is  a hard,  brittle,  fliining, 
heavy  mafs,  Ibmewhat  vitreous  in  its  frafture, 
and  of  a deep  brown  or  Hver  colour,  v/hence 
the  amient  name  of  liver  of  fulphur.  As  long 
as  it  remains  dry  it  is  without  i'mell.  On  lay- 
ing a minute  portion  on  the  tongue  it  taftes 
excefllvely^fharp,  burning  and  bitter,  along  with 
the  peculiar  naufeous  flavour  of  fulphuretted 
hydrogen.  When  the  folid  fulphuret  is  expofed 
to  the  air  it  firft  turns  green,  which  pafies  to 
grey,  it  alfo  abforbs  moillure  pretty  rapidly,  and 
then  begins  to  exhale  the  odour  of  fulphuretted 
hydrogen,  but  it  does  not  adfually  deliquefee 
as  melted  potafh  alone  dees.  When  rnoift,  it 
ftains  the  fkin  of  a yellowifh  brown  which  is 
difficult  to  remove. 

This  fulphuret  however  is  not  entirely  pure, 
for  being  made  with  a carbonated  alkali  it 
retains  fome  carbonic  acid,  though  much  of  it 
efcapes  during  the  fufion,  and  hence  on  the 
affufion  of  an  acid,  carbonic  acid  gas  rifes  in 
mixture  with  the  fulphuretted  hydrogen.  The 
pure  dry  fulphuret  muft  therefore  be  ma.de  with 
dry  caullic  potafh,  melted  w'ith  about  its  own 
weight  of  fulphur.  Tlie  mixture  in  this  cafe 
enters  into  fufion,  and  the  union  is  compleat 
before  it  reaches  a red  heat. 

When  cauftic  potafli  and  fulphur  are  rubbed 
together  in  a mortar  they  unite  rapidly,  the 
mixture  grows  hot,  and  foon  is  converted  into 
a yellowifh.  green  mafs  which  exhales  a fetid 
fmell.  In  this  cafe  the  moifture  which  the 
alkali  abforbs  from  the  air  affifts  the  combination. 

A folid  fulphuret  of  potafli  may  alfo  be 
formed  by  mixing  dry  fulphat  of  potafli  with 
about  a fixth  of  its  weight  of  charcoal,  and 
melting  the  mixture  In  a red  heat  for  a confide- 
rable  time.  In  this  cafe  the  fulphuric  acid  is 
dccornpofed  by  the  charcoal  with  much  Intu- 
mefcence,  and  the  fulphur  refulting  from  the 
decompofitlon  unites  with  the  alkali,  and  the 
whole  forms  a dark  brown  fulphuret.  This 
however  is  much  lefs  pure  than  the  fulphuret 
made  by  dlredf  combination,  for  befides  any 
undecompofed  fulphat  which  it  may  contain,  it 
holds  in  foiution  a quantity  of  charcoal.  Char- 
coal therefore  is.  foluble  in  a red  heat  in  this 
fulphuret.  \^^hen  the  dry  folid  fulphuret  is 
urged  with  a violent  and  long  continued  heat, 
the  fulphur  is  again  driven  out,  along  with  part 
of  the  carbonic  acid  if  a carbonated  potafh.  had 
been  ufed,  and  alkali  alone  remains.  If  a dry 
fixed  acid  fuch  as  the  phofphoric  or  boracic  be 
mixed  with  the  fulphuret  and  heated,  the  ful- 
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phur  IS  expelled  more  eafily,  and  the  acid  and 
potafli  remain  behind.  In  all  thefe  procefTes 
no  fulphuretted  hydrogen  is  given  out  provided 
the  fulphuret  and  other  fubftances  be  quite  free 
from  moillure. 

Liquid  fulphuret  of  potafh  is  made  either  by 
dlllblving  any  of  the  dry  fulphurets  in  water, 
which  is  done  with  the  utmofl  eafe,  or  by 
diffolving  fulphur  dire£Uy  in  a foiution  of 
cauftic  potafli  with  a boiling  heat.  It  is  then  a 
yellow  fetid  liquor,  exceffively  acrid  and  cauftic 
if  concentrated,  changing  vegetable  colours  like 
the  alkalies;  and  alfo,  like  thefe,  corroding 
animal  and  vegetable  mattei . It  diiTolves  many 
metals  with  rapidity,  bringing  them  to  the  ftate 
of  a fulphuret.  AVhen  kept  for  a time  even  in 
clofe  vcflels  it  depofits  fulphur. 

The  liquid  fulphuret  is  well  known  for  the 
facility  with  which  it  abftradls  oxygen  from 
common  air  or  any  mixture  of  oxygen,  and 
hence  its  ufe  in  Eudiometry,  as  has  been  fully 
explained  under  that  article. 

When  the  liquid  fulphuret  is  made  with 
perfeclly  cauftic  alkali,  it  gives  out  no  fulphu- 
retted hydrogen  by  heat,  at  leaft  not  in  a heat 
of  boiling  water,  but  when  made  with  carbo- 
nated alkali  a confiderable  quantity  of  gas  is 
given  out  which  however  is  chief.y  carbonic 
acid.  This  fulphuret  is  alfo  foluble  with  eafe  in 
alcohol. 

When  muriatic  or  any  other  acid  is  added  to 
folid  fulphuret  of  potafh,  there  is  a copious 
difengagement  of  fulphuretted  hydrogen)  mixed 
with  carbonic  acid,  if  a carbonated  alkali  had 
been  employed)  and  a large  quantity  of  fulphur 
is  precipitated.  The  liquid  fulphuret  alfo  gives 
out  with  an  acid  a large  quantity  of  the  gas  or 
gaffes,  and  the  mixture  becomes  immediately 
turbid  and  thick  by  the  abundant  precipitation 
of  fulphur.  The  latter  when  waffied  and  dried 
is  very  pure  fulphur  of  a white  or  cream  colour, 
and  is  called  Milk  or  Magijlery  of  fulphur^  or 
Precipitated  fulphur^ 

The  a£lion  of  mercury  and  its  oxyds  on  the 
liquid  fulphurets  and  hydrofulphurets  has  been 
urged  with  great  ingenuity  by  Prouft,*  in  ex- 
planation of  the  nature  of  thefe  compounds. 
Running  mercury  agitated  with  the  pure  colour- 
lefs  hydrofulphurets  Is  not  changed  in  any  de- 
gree, fo  that  this  metal  cannot  take  fulphur  from 
hydrogen  when  they  are  in  perfect  faturation 
and  united  with  an  alkaline  or  earthy  bafe..  But 
when  the  hydrofulphuret  has  begun  to  become 
yellow  by  fhort  expofure  to  air,  that  is  to  fay, 
when  by  an  oxydation  of  part  of  the  hydrogen 
the  fulphur  which  was  united  to  it  becomes  ii) 
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remaining  fulpliureftod  hydrogen,  the  mercury 
extracts  trom  the  I'olution  this  excels  of  fulphur, 
(immediately,  from  the  hydro-fulphurct  of  am- 
monia, and  in  a Ihort  time,  from  the  other 
hydrofulphurets)  and  the  liquid  returns  to 
the  ftate  of  fimple  hydro-fulphuret.  A portion 
of  the  fulphuretted  mercury  remains  dif- 
folved,  whilll  the  folution  is  concentrated,  but 
on  diluting  with  water  or  alcohol  it  becomes 
turbid,  and  black  fulphurct  of  mercury  is  pre- 
cipitated, and  the  liquor  is  again  reflored  to  the 
Hate  of  fimple  hydrofulphuret  of  the  alkali  em- 
ployed. If  however  the  excefs  of  fulphur  is  fo 
great  as  to  bring  the  mercury  at  once  to  the  ftate 
of  red  fulphuret  none  of  it  is  dilTolved,  though 
the  fame  change  takes  place  in  the  liquor.  Mer- 
cury therefore  in  iie  metallic Jlate  analyzes  all 
thefe  compounds  of  fulphur,  fulphuretted  hy- 
drogen and  alkali,  by  extracting  all  the  fulphur 
except  that  portion  which  is  fatu rated  with 
hydrogen,  and  in  the  ftate  of  fulphuretted  hy- 
drogen •,  and  hence  it  almoft  entirely  extracts 
the  fulphur  from  thofe  liquid  fulphurets  which 
fcarcely  effervefee  with  acids,  and  contain  but  a 
minute  portion  of  fulphuretted  hydrogen,  and 
reduces  them  almoft  to  the  ftate  of  fimple  alka- 
line folutions. 

But  on  the  other  hand  a precifely  oppofite 
effect  takes  place  when  the  red  oxyd  of  mercury 
is  ufed,  for  when  this  is  agitated  with  a hydro- 
fulphuretted  alkali,  its  firft  action  is  to  decom- 
pofe  all  the  fulphuretted  hydrogen  which  it 
contains,  which  is  attended  with  a fenfible  evo- 
lution of  heat ; and  if  no  more  oxyd  be  ufed 
than  is  necefl'ary  to  engage  the  hydrogen,  the 
remaining  liquor  becomes  yellow,  but  remains 
clear  after  the  fubfidence  of  the  oxyd,  and  is  a 
fimple  liquid  fulphuret,  from  which  muriatic 
acid  precipitates  fulphur,  but  without  the  evo- 
lution of  a particle  of  fulphuretted  hydrogen. 
If  an  additional  quantity  of  red  oxyd  be  added, 
the  fulphur  is  precipitated  in  combination  with 
the  metal,  and  the  fupernatant  liquor  is  then 
little  elfe  than  a folution  of  potafn,  holding  a 
little  oxyd  of  mercury,  and  fometimes  fulphite 
of  potafii.  A fimilar  change  takes  place  with 
the  common  liquid  fulphuret  of.potalh,  which, 
as  already  mentioned,  conlifts  of  fulphur,  pot- 
afli,  and  hydrofulphuret  of  potafh.  The  firft 
portion  of  oxyd  engages  the  hydrogen  of  the  hy- 
drofulphuret, and  detaches  the  fulphur  belong- 
ing to  it,  which  diffolvcs  in  th^e  fulphurct  that 
remains  in  folution,  and  by  deftroying  the  hy- 
drogen, takes  from  the  folution  of  the  property 
of  effervefeing  with  an  acid.  The  oxyd  alfo 


lofes  oxygen,  which  unites  with  the  hydrogen, 
and  the  metal  abforbs  a portion  of  fulphur  and 
becomes  black  fulphuret,  part  of  which  remains 
in  folution.  This  firft  change  takes  place  with- 
out any  effervefcence,  and  with  difengagement 
of  fenfible  heat.  But  on  adding  a freflr  portion, 
of  oxyd  the  heat  is  renewed,  an  effervefcence 
occurs  owing  to  the  efcape  of  part  of  the  oxygen 
of  the  oxyd,  the  mercury  becomes  faturated 
wdth  fulphur  and  precipitates,  and  the  remainder 
of  the  oxygen  acidifies  the  fulphur,  and  fulphite 
of  potalh  is  found  in  folution. 

The  principal  point  eftablifhed  by  this  ex- 
cellent chemift  in  thefe  experiments,  is  tire 
poffibility  of  fubtracfing  all  the  fulphuretted 
hydrogen  from  a liquid  fulphuret  (at  leaft  to 
that  degree  as  to  render  it  non-effervefeent  with 
an  acid}  whilft  the  alkali  and  fulphur  alone  re- 
main in  folution  ; and  hence  as  the  poffibility 
of  a fimple  liquid  fulphuretted  alkali  is  eftab- 
lifticd,  it  may  fairly  be  inferred  that  fulphuretted 
hydrogen  is  not  the  principal  inlermedeby  which 
fulphur  and  potafh  are  held  in  liquid  combina- 
tion in  the  common  folutions  of  the  fulphurets. 

Sulphurct  of  Soda.  This  combination  may  be 
made  either  dry  or  liquid,  by  all  the  methods 
in  which  the  fulphuret  of  potafh  is  pi'oduced,  and 
it  has  the  fame  general  chemical  properties 
which  have  been  deferibed  as  belonging  to  the 
fulphuret  of  potafh. 

Sulphuret  of  Lime.  Lime  being  infufible  per 
fe,  the  combination  between  lime  and  fulphur 
can  fcarcely,  if  at  all,  be  made  in  the  dry  way; 
but  a liquid  fulphuret  of  lime  is  readily  formed 
by  boiling  together  fulphur,  lime,  and  water. 
The  proportions  are  of  not  much  confequence  : 
the  following  anfwer  very  well : put  into  a 

glafs  mattrafs  three  ounces  of  well-burnt  lime, 
one  ounce  of  fulphur,  and  about  a quart  of 
distilled  water.  The  fulphur  ftiould  firft  be 
rubbed  with  a little  of  the  water,  that  it  may 
mix  uniformly,  and  the  lime  fliould  be  broken 
down.  Bring  the  liquor  to  a boiling  heat,  and 
continue  it  for  half  an  hour  or  an  li6ur,  lhaking 
it  frequently  during  the  time.  The  liquor  foon 
becomes  clear  by  fubfidence  as  foon  as  removed 
from  the  fire,  and  a fine  yellow  ftrong  folution 
of  fulphuret  of  lime  may  be  poured  off  clear 
from  the  fettlings,  which  fhould  be  kept  , in  a 
well  clofed  bottle.  , ' 

Though  fulphur  i.s  abfolutely  infoluble  In 
water,  and  lime  very  fparingly  foluble,  the 
fulphuret  is  confiderably  fo,  and  when  much 
concentrated  when  hot,  part  of  it  fepr rates  by 
cooling  into  cryftals  not  eafily  refoluble  in  the 
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liquid,  which  are  probably  fimple  hydro-ful- 
phuret  of  lime. 

When  liquid  fulphuret  of  lime  is  expofed  to 
the  air,  it  abforbs  oxygen  pretty  rapidly  (as  all 
the  liquid  fulphurets  do),  and  the  fulphur 
changes  to  fulphuric  acid  5 fo  that  the  furface 
of  the  liquor  is  foon  covered  with  a hard  cruft 
of  fulphat  of  lime,  which  prevents  the  fluid 
beneath  from  being  a£led  on  in  the  fame  man- 
ner, unlefs  the  cruft  is  broken  by  ftiaking.  This 
fait  has  been  propofed  to  be  ufed  inftead  of  the 
alkalies  in  bleaching,  as  all  the  fulphurets  pof- 
fefs  highly  detergent  qualities,  and  this  can  be 
prepared  much  cheaper  than  the  alkaline  ful- 
phurets. Mr.  William  Higgins,  of  Dublin,  the 
inventor,  gives  the  following  proportions:^— 
boil  in  an  iron  kettle,  for  half  an  hour,  4lbs. 
of  fulphur,  2olbs.  of  lime,  well  flacked  and 
fifted,  and  16  gallons  of  water,  with  frequent 
ftirring.  This  yields,  after  a Ihort  fubfidence, 
a clear  fulphuret  of  the  colour  of  fmall  beer, 
and  the  fame  quantity  of  frefh  water  may  be 
poured  on  the  refidue  to  extraff  the  remaining 
fulphuret.  For  the  purpofe  of  bleaching,  the 
whole  quantity  of  liquid  is  to  be  made  up  to 
fixty  gallons,  and  in  this  brown  linen  cloth  may 
be  fteeped  for  twelve  or  eighteen  hours,  alter- 
nating with  oxymuriat  of  lime,  for  about  fix 
times,  by  which  it  will  acquire  the  requifite 
whitenefs.  The  cold  liquor  anfwers  nearly,  if 
not  entirely,  as  well  as  the  hot. 

Sulphuret  of  Barytes  and  Strontian.  The  li- 
quid fulphurets  of  ihefe  earths  may  be  made 
either  by  boiling  the  pure  earth  with  fulphur 
and  water,  or  by  calcining  the  fulphats  of  thefe 
cartlts  with  charcoal,  to  convert  them  into  ful- 
phurets, and  diflblving  the  latter  out  from  any 
remaining  undecompofed  fulphat.  It  has  been 
already  mentioned,  under  the  head  of  Hydro- 
fulphuret,  that  thefe  folutions,  when  fully  fa- 
turated,  depofit  cryftals  which  are  pure  hydro- 
fulphurets,  fince  they  effervefce  ftrongly  with 
an  acid,  and  do  not  depofit  fulphur  in  the  pro-^ 
cefs.  But  the  entire  folution  contains  an  excefs 
of  fulphur,  which  will  feparate  on  adding  an 
acid.  • 

Sulphiv  et  of  Ammonia.  Though  fulphuretted- 
hydrogen  and  ammoniacal  gas,  will  combine  in 
the  dry  way  into  a hydro-fulphuret  of  ammonia, 
fulphur  cannot  be  united  with  this  alkali  except 
in  the  liquid  form,  and  this  too  is  not  readily 
effefted,  except  through  the  medium  of  distil- 
lation ; for  when  fulphur  and  liquid  ammonia 
are  Amply  digefted  together,  it  requires  a con- 


fiderable  time  before  any  folution  of  the  fulphur 
is  obtained. 

The  liquid  fulphuret  of  ammonia  produced 
by  diftillation,  appears  to  have  been  firft  noticed 
by  Boyle,  who  obferved  its  fuming  property 
when  expofed  to  air,  whence  it  was  called 
Boyle’s  Fuming  Liquor,  or  Volatile  Liver  of  Sul- 
phur. The  procefs  as  given  by  Beaume,  fome- 
what  improved,  is  the  following : mix  to- 

gether in  a mortar,  and  put  into  a retort,  3lbs. 
of  flacked  lime,  ilb.  of  fal-ammoniac,  8 oz.  of 
flowers  of  fulphur  j and  add  to  this,  when  in 
the  retort,  6oz.  of  water.  Adapt  a tubulated 
receiver,  and  proceed  to  diftillation  with  a gen- 
tle heat.  The  firft  drops  that  condenfe  are 
nearly  watery,  but  thofe  that  follow  are  yellow; 
and  when  about  6 oz.  of  liquor  has  diftilled 
over,  a vaft  quantity  of  white  elaftic  vapour 
arifes,  which  fills  the  receiver,  and  would  burft 
it,  if  it  had  not  vent,  and  of  which  only  a 
portion  can  be  condenfed,  and  with  great  diffi- 
culty. The  fire  is  then  to  be  kept  up  fteadily 
for  an  hour  or  more,  till  the  bottom  of  the  retort 
becomes  flightly  red,  during  which  about  fix  or 
eight  ounces  more  of  liquid  are  obtained. 

The  produ£t  of  this  diftillation  is  a yellow, 
pungent  liquid,  fmelling  ftrongly  both  of  am- 
monia, and  of  fulphuretted  hydrogen,  and  giving 
out  abundance  of  white  fumes  the  moment  it  is 
uncorked.  It  is  the  liquid  fulphuret  of  am- 
monia. In  this  procefs  the  ammonia,  ex- 
pelled from  the  fal-ammoniac  by  means  of  the 
lime,  a£fs  upon  the  fulphur  in  the  moment  of 
its  formation,  diflblves  the  fulphur,  and,  to- 
gether with  the  water  prefent,  rifes  in  vapour, 
and  condenfes  in  the  receiver.  Though  only ') 
fix  ounces  of  water  are  added  to  the  mix-/ 
ture,  full  double  the  quantity  is  obtained,  7 
the  reft  being  expelled  from  the  flacked  lime  \ 
by  the  heat.  If  lefs  water  is  added,  the  pro- 
du(ft  is  ftill  more  fuming,  and  there  is  a ftill  ^ 
greater  wafte  of  incoercible  vapour.  This 
wafte,  however,  was  only  incurred  before  the 
invention  of  Woulfe’s  apparatus;  for  by  its 
adoption  the  whole  of  the  vapour  may  be  con- 
denfed, either  in  water,  or  in  an  alkaline  folu- 
tion, at  pleafure. 

To  afcertain  the  precife  nature  of  this  fuming 
fulphuret,  Berthollet  made  the  following  expe- 
riments: the  materials  for  producing  it,  name- 
ly, lime,  fulphur,  and  fal-ammoniac,  were 
mixed  m a retort,  and  the  produ£t  condenfed 
as  ufual ; but  was  received  in  twm  feparate  por- 
tions, the  firft  of  which  was  of  a light  yellow, 
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and  highly  fuming ; the  fecond  was  of  a much 
deeper  colour,  and  not  fuming.  Thefe  were 
put  into  feparate  velTels,  and  into  a third  was 
poured  fome  liquid  hydro-fulphuret  of  ammonia, 
made  by  faturating  liquid  ammonia  with  fui- 
phuretted  hydrogen  gas,  and  which  did  not 
fume.  Muriatic  acid  was  then  added  to  each  ; 
and  with  the  firft,  namely,  that  containing  the 
fuming  part  of  the  dillilled  liquid  fulphuret, 
gave  but  little  fulphuretted  hydrogen,  and 
caufed  but  little  fulphur  to  precipitate,  though 
a confiderable  quantity  of  the  acid  was  required 
to  faturate  it : with  the  fecond,  namely  that  con- 
taining the  portion  of  the  diftilled  liquid  which 
gave  no  fumes,  more  effeivefcence  was  excited, 
more  fulphuretted  hydrogen  was  evolved,  and 
more  fulphur  was  precipitated  : with  the  third, 
namely  that  containing  the  fimple  hydro-ful- 
phuret of  ammonia,  much  of  the  gas  was  given 
out,  but  little  or  no  fulphur  was  depofited. 
Other  portions  of  the  fecond  and  third  folutions 
were  taken,  and  liquid  ammonia  was  added  to 
each,  which  immediately  gave  them  both  the 
fuming  property,  and  rendered^  the  fecond  li- 
quor in  every  refpefl  fimilar  to  the  firft. 

It  therefore  appears  that  the  property  of 
fending  forth  white  fumes  may  exift  both  in  the 
liquid  fulphuret  and  in  the  fimple  hydro-ful- 
phuret, and  is  produced  by  an  excefs  of  am- 
monia, which  not  finding  fufficient  fulphur 
or  fulphuretted  hydrogen  to  keep  it  down,  is 
volatilized  in  the  air,  and  carries  with  it  part 
of  the  fulphuretted  hydrogen  contained  in  the 
folution.  Hence  too,  when  the  fuming  hydro- 
fulphuret  is  digefted  with  fulphur,  it  diftblves 
a portion,  and  then  lofes  its  fuming  property, 
as  the  excefs  of  ammonia  is  then  engaged  by  the 
fu'phur.  This  latter  compound  (that  is,  hydro- 
fulphuret  of  ammonia,  digefted  with  fulphur  to 
faturation)  has  a deep  colour  and  an  oily  con- 
fiftence,  and  does  not  depofit  fulphur  by  any 
further  addition  of  fulphuretted  hydrogen  •,  and 
therefore  it  is  ftridbiy  a fulphuretted  hydro-ful- 
phuret, or  hydroguretfed  fulphuret,  in  the  fenfe 
to  which  we  have  limited  it  in  the  beginning  of 
this  article  ; and  an  excefs  of  ammonia  would 
convert  it  into  a compound  exa£Uy  the  fame  as 
the  fuming  fulphuret  deferibed  by  Boyle.  The 
latter  foon  lofes  its  fuming  property  on  expofure 
to  air,  after  which  it  abforbs  oxygen  like  the 
other  fulphurets,  and  a white  fulphur  is  de- 
pofited. 

Super-sulphuretted  Sulphur.  Hydro- 
guretted  Sulphur  of  Sot f re  Hydrogene. 

This  is  a very  curious  combination,  difeovered 


byiBerthollet,  and  confifts  fimply  of  fulphuret- 
ted hydrogen,  with  a large  excefs  of  fulphur, 
and  without  any  alkaline  or  other  bafe.  It  is 
prepared  by  mixing  at  once  a large  proportion  of 
muriatic  acid  wnth  liquid  fulphuret  of  potafti, 
or  better,  by  pouring  the  fulphuret  in  fmall 
portions  into  the  acid,  during  w'hich  moft  of 
the  fulphur  is  precipitated  as  ufual,  but  very 
little  effervefcence  takes  place,  and  the  ful- 
phuretted hydrogen,  inftead  of  efcaping  in  a 
gafleous  form,  unites  with  a portion  of  the 
iuiphur,  and  condenfes  with  it  into  a liqv.id  of 
the  appearance  of  oil,  which  gradually  collccls 
at  the  bottom  of  tlie  velTel  in  which  the  mix- 
ture is  made.  This  fubftance  was  firft  noticed 
by  Scheele. 

When  this  fuper-fulphuretted  hydrogen'  is 
mixed  with  liquid  fulphuret  of  potalh,  fulpluir 
is  depofited;  for,  as  has  been  already  menti- 
oned, the  liquid  fulphuret  is  capable  of  com- 
bining with,  and  adfually  abforbs  from  the  new 
compound,  an  additional  portion  of  fulphuret- 
ted hydrogen,  which  in  confequence  abandons 
its  excefs  of  fulphur.  Another  portion  of  the 
precipitated  fulphur  is  alfo  furnifhed  by  the  li- 
quid fulphuret  during  its  further  laturation 
with  fulphuretted  hydrogen,  rvhich  in  this  re- 
fpeft  ai^s  as  an  acid,  as  has  been  before  no- 
ticed. As  therefore  the  portion  of  fulphur 
which  is  already  united  with  an  alkali  is  able  to 
abftraift  fulphuretted  hydrogen  from  its  com- 
bination with  fulphur  alone,  it  is  obvious  that 
the  fuper-fulphuretted  hydrogen  cannot  be  pro- 
duced till  there  is  a fufficient  excefs  of  acid  to 
engage  all  the  alkali,^ and  detach  it  from  the 
fulphur,  which  happens  when  a little  of  the 
liquid  fulphuret  is  poured  into  a larger  quantity 
of  acid.  The  fuddennefs  of  the  decompofition, 
and  denfity  of  the  fluid  produced  by  the  copi- 
ous depofition  of  fulphur,  appear  alfo  to  affift 
in  forming  this  fingular  compound. 

Super-fulphuretted  hydrogen  may  be  confi- 
dered  as  a compound  in  which  the  elafticity  of 
the  gas  is  kept  dov'n  rather  than  entirely  fub- 
dued,  by  the  folid  with  which  it  is  condepfed 
into  chemical  union,  fo  that  this  union  is  very 
flight,  and  is  readily  broken  in  circumftances 
at  all  favourable  to  the  gas  r^:fuming  its  elalli- 
city.  Hence  when  it  is  kept  in  a piiial  with 
water,  on  the  furface  of  wpich  it  fwims,  it  is 
eonftantly  in  a ftate  of  ebullition,  and  if  the 
phial  is  uncorked,  the  w'hole  of  the  fulphuret- 
ted hydrogen  exhales,  and  tlie  fulphur  returns 
to  its  original  ftate,  and  falls  to  the  bottom  of 
the  water.'  Alfo  if  a little  of  this  liquid  be 
taken  in  the  mouth,  it  gives  a pungent,  bitter. 
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hyJro-fulpliurcous  tafte  which  foon  goes 
leaving  nothing  in  the  mouth  but  folid  fulphur, 
flicking  to  the  teeth. 

Wheji  a folutlon  of  potafli  is  added  to  fuper- 
fulphuretted  hydrogen,  a fmall  portion  of  ful- 
phuretted  hydrogen  exhales,  and  the  remainder 
unites  with  the  potafh  forming  a folution 
which  refembles  in  every  refpedl  the  common 
liquid  fulphuret  of  potafh. 

As  the  foregoing  fubjecl  is  fomewhat  intri- 
cate, It  may  be  ufeful  to  recapitulate  fhortly, 
the  various  combinations  of  fulphui*,  hydrogen, 
and  an  alkaline  or  earthy  bafis,  with  their  dif- 
tingulOiing  charatfler's. 

I . Siilphiiretted  Hydrogen,  a gas  fomewhat . 
heavier  than  common  air,  compofed  of  hydro- 
gen holding  fulphur  in  folution;  has  a peculiar 
fetid  imell,  is  inflammable,  is  abforbed  by  water, 
does  not  render  lime-water  immediately  turbid, 
v/hon  in  liquid  folution  is  readily  decompofed 
by  expofure  to  air,  or  by  the  acids  which  eafily 
part  with  tlieir  oxygen,  fiich  as  the  nitrous  and 
oxymariatic,  during  which  its  hydrogen  is  firfl: 
e igaged  and  quits  the  fulphur,  which  therefore 
is  precipitated  in  its  natural  form.  Sulphuret- 
ted hydrogen  reddens  litmus,  unites  largely 
with  aikaline  and  earthy  bafes,  forming  with 
moil  of  them  cryftalhzable  falts  in  wdiich  the 
bafe  is  nearly  if  not  entirely  neutralized,  fepa- 
r.ites  fulphur  from  its  combination  with  alkalies, 
and  in  ail  thefe  I'efpedls  performs  the  fundlion  of 
an  acid.  It  is  however  detached  from  its  com- 
binations by  every  acid,  and  then  re-aflumes  its 
gaifeous  form,  and  pafTes  off  by  effervefcence. 
It  blackens  the  folutions  of  many  metals,  and 
precipitates  moft  of  them,  but  not  the  falts  of 
iron  and  manganefe. 

^ 2.  Hydro-fulphurets  are  the  fallne  combina- 
tions of  fulphiiretted  hydrogen,  with  the  feveral 
alkaline  or  earthy  bafes.  They  are,  when  re- 
cently made,  perfedlly  clear  and  colourlefs,  and 
on  the  ariufion  of  a llrong  acid  they  effervefee, 
and  give  cut  abundance  of  lulphuretted  hydro- 
gen, but  no  fulphur  is  precipitated,  the  hydro- 
gen being  fuflicient  to  carry  off  the  whole  of  It. 
Ti.e  fulphur  therefore  is  lolely  that  which  be- 
longs to  the  conllitution  of  fiilphuretted  hydro- 
gen. The  hydro-fulphurets  by  expofure  to  air, 
abforb  its  oxygen,  and  in  fo  doing  lofe  a propor- 
tionate quantity  of  their  hydrogen,  wdrereby 
they  turn  yellow  and  cloudy,  and  on  the  afi'u- 
flou  of  an  acid  they  then  both  efl'ervefee,  and 
depoflt  fulphur,  fo  that  in  this  ftate  the  fulphur 
is  in  excefs  relatively  to  the  quantity  of  fulphu- 
retted  hydrogen. 


6 ) SUL 

3.  Sulphuretted  Hydro~fulphuret:  are  hydro- 
fulphurets  holding  an  excefs  of  fulphur  in  folu- 
tion, and  are  made  either  by  digefting  the  pure 
hydro-fulphurets  wdth  fulphur,  or  by  expofing 
them  to  the  atmofphere  for  a Ihort  time,  till 
they  turn  yellow,  and  till  a portion  of  the  hy- 
drogen is  deftroyed.  The  former  method  how- 
ever gives  the  moft  concentrated  folution. 
Thefe  compounds  on  the  afFufion  of  muriatic 
acid  both  effervefee  and  depofit  fulphur,  but 
on  paffing  a frefli  portion  of  fulphuretted  hy- 
drogen through  them,  no  fulphur  is  feparated, 
and  in  this  laft  circumftance  they  differ  from 
the  common  liquid  fulphurets. 

4.  Siiper-fulphuretted  Hydrogen  is  that  Angular 
liquid  produced  by  decompofing  a liquid  ful- 
phuret by  a large  quantity  of  acid,  and  confifts 
of  fulphuretted  hydrogen  exceffively  loaded 
wdth  fulphur,  and  adhering  to  it  fo  loofely  as 
totally  to  quit  it  on  applying  a gentle  heat,  or 
expofure  to  air.  An  alkaline  bafe  therefore  is 
a necefliiry  intermede  to  effe<fl  a permanent 
union  between  fulphur  and  fulphuretted  hydro- 
gen, and  hence  the  addition  of  an  alkali  to  this 
fuper-fulphuretted  hydrogen,  brings  it  to  the 
ftate  of  fulphuretted  hydro-fulphuret. 

5.  Dry  Sulphur ets  or  Hepars.  Thefe  are 
Ample  combinations  of  fulphur  and  alkali  cf- 
fedled  by  fuAon  at  a low  red  heat.  When  the 
alkali  is  carbonated  a part  of  the  carbonic  acid 
remains  in  union,  and  is  expelled  by  an  acid. 
The  dry  fulphurets  of  the  alkaline  earths  can 
only  be  made  by  decompoAng  their  fulphats  by 
fuAon  with  charcoal,  and  then  are  impure. 

6.  Liquid  Sulpburets.  The  folution  of  any 
dry  fulphuret  in  a w^atery  liquid,  or  of  fulphur 
in  a liquid  alkali  or  alkaline  earth,  generates  a 
rjuantity  of  fulphuretted  hydregen  (though  in 
no  degree  proportionate  to  the  fulphur  dif- 
folved)  which  mixes  with  the  other  conftituents 
and  the  whole  forms  a cauftic  yellow  liquid 
with  ftrong  alkaline  properties.  It  is  compofed 
therefore  of  the  fame  materials  as  the  fulphu- 
retted hydro-fulphurets,  that  is  to  fay,  of  ful- 
phuretted hydrogen;  fulphur,  and  an  alkaline 
bafe,  but  differs  from  thefe  falts  in  containing  a 
much  larger  excefs  of  fulphur,  and  a much 
fmaller  quantity  of  fulphuretted  hydrogen,  and 
hence  the  affuAon  of  an  acid  caufes  in  general 
only  a fmall  effervefcence  (fometimes  hardly 
perceptible)  but  a copious  feparatlon  of  ful- 
phur; and  befules  (which  is  a cllftinguifliing 
mark)  much  fulphur  is  precipitated  by  pafTing 
through  it  a current  of  fulphuretted  hydrogen. 

In  the  liquid  fulphurets  therefore  the  fulpimr 
feems  to  be  held  in  folution  by  the  alkali  alone, 
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and  tlie  fulpliuretted  hydrogen  to  be  but  an  ac-  fimilar  way,  whence  we  may  infer  it  as  a general 
cefiary  ingredient',  whereas  in  the  fulphuretted  rule  that  in  all  the  dry  combinations  of  a metal 
hydro-fulphurets  the  fulphuretted  hydrogen  ap-  and  fulphur,  after  the  utmofl  effedl:  of  expefure 
pears  the  principal  folvent  of  the  fulphur,  and  to  a heat  capable  of  fubliming  fulphur  has  been 
the  alkali  to  aft  as  it  were,  as  an  intermede  to  given,  the  metal  is  nearly  if  not  entirely  regu- 
render  this  union  more  permanent.  line,  provided  there  has  been  fulphur  enough 

7.  Simple  Liquid  Sutphureis,  On  the  autho-  added  to  engagofall  the’ oxygen  which  the  metal 
rity  of  Proud  whofe  experiments  have  been  al-  may  have  contained. 

ready  detailed,  we  may  admit  the  exidence  of  a When  metallic  folutions  are  decompofed  by 
fimple  liquid  folution  of  fulphur  in  alkali  when  the  liquid  alkaline  fulphurets,  the  metal  com- 
the  fulphuretted  hydrogen  has  been  withdrawn  bines  with  the  fulphur,  and  a part,  at  lead,  of 
by  adding  red  oxyd  of  mercury.  This  liquid  the  fulphuretted  hydrogen  is  dedroyed,  its  hy- 
depofits  fulphur  copioufiy  on  adding  acids,  but  drogen  uniting  with  the  oxyd  of  the  folution  to 
does  not  effervefee,  and  gives  out  no  fulphu-  bring  it  to  the  metallic  date,  and  its  fulphur 
vetted  hydrogen.  mixing  with  the  other  fulphur  of  the  fulphuret. 

8.  Fuming  Ammoniacal  Hydro-fulphurets  and  Hence  mod  of  the  precipitates  formed  in  fucli 

L-quid  Sulphurets . The  liquid  combinations  of  cafes  are  fimple  fulphurets,  and  not  hydro-ful.- 
fulphur  or  fulphuretted  hydrogen,  or  both  toge-  phuretted  oxyds.  It  is  even  doubtful  if  there 
ther,  v/ith  ammonia,  have  the  property  of  emit-  can  be  a hydro-fulphuretted  oxyd,  for  the  fird 
ting  white  fumes  when  the  alkali  is  in  excefs,  aftion  of  fulphuretted  hydrogen  is  to  reduce 
which'  therefore  mud  be  confidered  as  another  the  oxyd  to  the  metallic  date,  unlcfs  indead  of 
fpecies  of  this  clafs  of  fubdances.  a compleat  reduftion,  it  brings  it  to  the  date 

of  lowed  oxygenation.  The  produftion  of 

Sulphur  unites  direftly  with  all  the  metals  fulphuretted  hydrogen  by  the  affufion  of  an 
except  gold  and  zinc.  Chemids  have  didin-  acid  on  the  precipitate  formed  in  fuch  cafes  is 
guidied  the  different  combinations  of  fulphur  not  a fatisfaftory  proof  of  its  being  a hydro- 
with  the  metal,  fulphur  with  the  metallic  oxyd,  fulphuret,  as  it  is  with  the  alkaline  and  earthy 
and  fulphuretted  hydrogen  with  the  metallic  hydro-fulphurets,  for  with  the  metallic  com- 
oxyd,  with  or  without  an  excefs  of  fulphur.  pounds,  the  fulphuretted  hydrogen  may  be  ge- 
Of  thefe  combinations  tlie  fimp'e  fulphuret,  or  nerated  by  the  aftion  of  the  acid,  indcad  of 
union  of  fulphur  with  the  reguline  metal  is  by  being  merely  evolved.  This  is  obvious  from  the 
far  the  mod  intimate,  and  it  is  even  doubtful  if  ufual  way  of  produeing  this  gas  by  muriatic  acid 
there  can  be  a proper  fulphuretted  oxyd  in  the  and  fulphuret  of  iron,  which  therefore  throws 
dry  date.  For  if  Xulphur  is  mixed  with  a me-  much  difficulty  in  the  way  of  the  anaiy  (is  of  thefe 
tallic  oxyd  and  'heated  in,  a clofe  veffel  to  the  metallic  compounds.  It  alfo  appears  from  this 
perfeft  fufion  of  the  mixture,  a quantity  of  ful-  that  there  cannot  be  a fimple  metallic  hydro- 
phurous  acid  is  always  fird  given  out,  owing  fulphuret,  but  that  this  compound  whenever  it 
to  a deoxydation  of  the  oxyd  by  a portion  of  is  formed  mud  always  exid  with  excefs  of  ful- 
the  fulphur,  and  the  metal  (nearly  if  not  en-  phur,  for  there  is  no  other  rnethed  of  pro- 
tirely  in  a reguline  date)  remains  in  permanent  ducing  a hydro-fulphuret  than  by  adding  liquid 
union  with  the  remainder  of  the  fulphur.  This  fulphuretted  hydrogen,  or  an  alkaline  or  earthy 
important  faft  has  been  clearly  illudrated  by  hydrofulphuret  to  a metallic  folution,  and  as 
the  experiments  of  Proud*  on  the  oxyds  and  already  mentioned  a part  of  the  fulphuretted 
fulphurets  of  antimony.  If  100  parts  of  anti-  hydrogen  mud  be  decompofed,  and  an  excefs  of 
mony  be  didilled  with  as  much  fulphur,  all  the  fulphur  produced  before  any  combination  can 
excefs  of  the  latter  flies  off,  said  there  remains  take  place.  Tlie  whole  of  this  fubjoft  however 
at  lad  135  parts  of  fulphuret,  which  continues  is  dill  involved  in  many  difficulties,  and  re- 
permanent at  a heat  more  than  fufficient  to  vo-  quires  further  experiments, 
latilize  fulphur  alone.  If  on  the  other  hand  a 

quantity  of  oxyd  of  antimony  equivalent  to  too  SULPHURIC  ACID,  '\ntriolic  acid.  Oil 
parts  of  the  metal,  be  thdilled  with  as  much  of  Vitriol.  Acide  fulfurique^  Fr.  Sch^vefdsaurey 
fulphur,  a large  quantity  of  fulphurous  acid  Germ. 

flies  off  along  with  the  excefs  of  fulphur,  and  This  acid,  perhaps  the  mod  important  of 
the  refidue  is  as  before  135  parts  of  fulphuret.  any  for  its  extenfive  ufe,  is  faid  to  have  been 
The  other  metallic  oxyds  appear  to  aft  in  a found  by  Baldaffari  in  a concrete  date,  lining  a 

* Journ.  de  Phyf,  tom.  55. 
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grotto  in  Mount  St.  Amiato  in  Tufcany;  it 
alfo  occurs  in  the  crevices  of  volcanic  moun- 
tains, and  dilToIved  in  a few  mineral  waters. 
It  is  not  however  from  any  of  thefe  fources 
that  the  fulphuric  acid  of  commerce  is  obtained, 
the  whole  of  this  being  procured  either  from 
the  diftillation  of  fulphat  of  iron,  or  from  the 
combuftion  of  fulphur. 

Sulphat  of  iron  (or  green  vitriol)  as  we  have 
elfewhere  fliown,  confifts  of  fulphuric  acid, 
water,  and  oxyd  of  ironj  by  proper  methods 
the  acid  may  be  feparated  from  the  other  in- 
gredients of  the  faltj  and  this  continued  to  be 
the  only  origin  of  fulphuric  acid  in  the  great 
way,  till  the  difcovery,  by  the  manufa£l:uring 
Englifli  chemifts,  of  the  art  of  preparing  it  by 
the  combuftion  of  fulphur.  As  this  latter  dif- 
covery has  not  however  as  yet  entirely  fuper- 
feded  the  former,  we  fhall  give  an  account  of 
both,  beginning  with  the  moft  ancient. 

Sulphuric  acid  is  thus  prepared  at  Bleyl,  in 
Bohemia.*  A long  horizontal  furnace  or  gal- 
lery of  brick-work  is  conftrufted  capable  of  re- 
ceiving a number  of  retorts;  the  retorts  them- 
felves  are  pear-lhaped  veflels,  with  a flightly 
curved  neck,  by  which  they  fit  into  earthen  re- 
ceivers nearly  of  the  form  of  common  retorts. 
The  whole  apparatus  being  prepared,  each  re- 
tort is  charged  with  3 lbs.  of  fulphat  of  iron, 
previoufly  calcined  at  a full  red  heat,  and  the 
fire  is  lighted.  The  firft  effe£l:  of  the  heat  is 
to  drive  off  the  molfture  abforbed  by  the  vitriol 
in  the  interval  between  its  calcination  and  dif- 
tillation;  this  phlegm  being  only  very  flightly 
acidulous  is  allowed  to  efcape,  and  when  it 
ceafes  to  come  over,  the  receiver  with  a little 
water  in  it  is  luted  on  to  the  retort;  the  fire  is 
now  raifed  and  kept  up  brisk  for  32  hours, 
during  which  time  the  acid  rifes  in  the  form  of 
denfe  white  vapours,  which  fill  the  receiver, 
and  are  there  abforbed  by  the  water.  Thefe 
vapours  being  at  a high  temperature  foon  ren- 
der the  receiver  very  hot,  hence  the  workmen 
judge  of  the  termination  of  the  procefs  by  the 
receiver  becoming  cool  in  confequence  of  the 
vapour  ceafing  to  rife.  The  red  oxyd  of  iron 
or  colcothar,  is  now  taken  out  of  the  retort  and 
its  place  is  fupplied  with  a frefti  charge  of  cal- 
cined vitriol;  the  diftillation  then  takes  place  as 
already  defcribed,  except  that  the  former  pro- 
duce of  acid  is  not  emptied  out  of  the  receiver, 
and  therefore  there  is  no  occafion  to  add  any 
water.  If  the  retort  is  w’ell  made  and  carefully 
luted  all  over,  it  will  laft  for  three  fucceffive 
diftillations,  and  the  quantity  of  acid  obtained 


is  nearly  equal  to  half  the  weight  of  the  calcined 
fulphat. 

If  the  acid  be  examined  at  different  periods 
of  the  diftillation,  it  will  be  found  to  be  more 
and  more  denfe  according  to  the  violence  of  the 
fire  required  for  its  extrication;  the  latter  por- 
tion if  received  in  a feparate  veffel  will  gene- 
rally congeal  upon  cooling,  hence  it  is  called 
glacial  fulphuric  acid  ; this  property  however  is 
not  entirely  owing  to  its  denfity,  as  we  Ihall 
prefently  (how. 

The  fulphats  of  copper  and  zinc  have  occafi- 
onally  been  employed,,  inftead  of  the  fulphat  of 
iron,  but  with  a manifeft  difadvantage,  both 
becaufe  they  are  dearer  than  the  latter  fait,  and 
becaufe  they  require  a higher  and  longer  con- 
tinued heat  to  drive  off  the  whole  of  the  acid. 

The  following  is  the  ufual  method  of  manu- 
fa£l;uring  fulphuric  acid  from  the  combuftion 
of  fulphur.  A chamber  is  conftrufled  of  frame 
work,  and  lined  with  ftrong  fheet  lead;  the 
only  aperture  is  a fmall  door,  made  to  fhut 
very  clofe,  the  bottom  of  which  is  a little 
higher  than  the  floor  of  the  chamber.  Water 
is  poured  into  this  chamber  till  it  rifes  to  the 
heighth  of  an  inch  or  two  upon  the  floor,  and 
a ftand  is  introduced  on  which  is  placed  an 
earthen  pot  containing  a few  pounds  of  fulphur 
and  nitre,  in  the  proportion  of  from  eight  to  ten 
of  the  former  to  one  of  the  latter;  this  mixture 
is  fet  fire  to  by  means  of  a red  hot  iron,  and 
the  door  is  immediately  clofed;  at  the  expira- 
tion of  about  fix  hours  a fecond  charge  of  ful- 
phur and  nitre  is  introduced,  which  after  a 
fimilar  Interval  is  replaced  by  a third,  and  fo  on 
without  intermiffion  for  a fortnight  or  three 
weeks.  At  the  end  of  this  period  the  water  in 
the  chamber  is  fufficiently  acidulated;  it  is  ac- 
cordingly transferred  to  a leaden  boiler,  where 
the  greater  part  of  the  water  is  evaporated ; in 
proportion  however  as  the  acid  becomes  more 
concentrated,  it  is  more  dlfpofed  to  corrode 
and  diflblve  the  lead  of  the  boiler;  therefore 
before  this  degree  of  concentration  takes  place, 
the  liquor  is  transferred  Into  large  green  glaf* 
retorts,  where  a degree  of  heat  is  applied  fuf- 
ficient  to  drive  off  almoft  the  whole  of  the 
water.  As  the  acid  becomes  ftronger  it  alfo 
becomes  clearer  and  lefs  coloured  in  confe- 
quence of  a portion  of  acid  re-a£Iing  on  the 
impurities  with  which  it  is  tinged,  and  thus  de- 
ftroying  them.  When  the  acid  is  thus  brought 
to  the  required  denfity  and  clearnefs,  it  is 
poured  out  of  the  retorts  into  large  globular 
glafs  bottles,  furrounded  with  wicker  work 
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ftufFetl  with  ftraw  (called  carhoys)  and  is  then 
brought  into  the  market,  under  the  name  of 
Oil  of  itriol. 

The  fulphuric  acid  obtained  from  the  diftil- 
lation  of  green  vitriol  exifts  ready  formed  in 
the  fait,'  its  extrication  is  a perfeftly  fimple 
procefs,  and  the  only  impurities  that  it  can  pof- 
fibly  contain  are  fulphurous  acid,  and  a very 
minute  portion  of  oxyd  of  iron,  and  of  the 
earth  of  the  retort.  When  loaded  with  ful- 
phurous acid  it  has  a fufFocating  odour,  and 
when  expofed  to  the  air  gives  out  a white  va- 
pour like  llrong  muriatic  acid;  it  ufcd  formerly 
to  be  fold  in  this  ftate  by  the  name  of  fianing  oil 
of  vitriol^  and  was  further  diftinguilhed  by  its 
property  of  congealing  into  a foft  ice,  at  a very 
moderate  degree  of  cold.  By  dilution  rvith  a 
little  water,  and  fubfequent  boiling  for  a few 
minutes  in  a glafs  vefl'el,  the  fulphurous  acid  is 
driven  off,  and  the  refidual  fluid  is  common 
fulphuric  acid  in  a ftate  of  very  confulerable 
purity. 

It  might  be  imagined  a priori,  that  fulphur 
would  be  convertible  by  fimple  combuilion  into 
fulphuric  acid,  this  however  is  by  no  means 
the  cafe.  In  the  firfl  rude  attempts  to  obtain 
fulphuric  acid  by  this  procefs,  the  method  em- 
ployed was  the  following:  a large  fliallow  ba- 
fon  was  half-filled  with  hot  water,  and  an 
earthen  crucible,  or  other  convenient  veflel 
filled  with  melted  and  ignited  fulphur,  was 
fixed  by  means  of  a"  hand  in  the  middle  of  the 
bafon,  and  juft  above  the  furface  of  the  water; 
a large  bell  glafs  was  then  whelmed  over  the 
pot  of  fulphur,  and  brought  nearly  though  not 
quite  in  contact:  with  the  water;  in  this  fitua- 
tion  the  vapour  arifing  from  the  combuftion  of 
the  fulphur,  rofe  into  the  bell  glafs  where  it 
mixed  with  the  fteam  of  the  hot  water,  and 
condenfing  trickled  in  drops  down  the  fides  of 
the  glafs  into  the  bafon.  But  though  by  this 
procefs  a certain  quantity  of  fulphuric  acid  \yas 
obtained,  yet  fo  large  a portion  of  the  fulphur 
cfcaped  in  incondenfible  fulFocating  fulphur- 
ous acid  gas  as  to  render  it  both  a very  ofFen- 
five  and  uneconomical  mode  of  proceeding. 
Nor  does  the  want  of  fuccefs  in  thefe  experi- 
ments appear  to  have  arifen  from  any  imperfec- 
tion of  the  apparatus  or  want  of  care  in  the 
manipulation,  f,rr  they  have  fince  been  repeated 
by  various  manufafturers  on  a gi-eat  fcale,  but 
with  the  fame  refult  as  at  firft.  Chaptal  ap- 
pears to  have  beftowed  particular  care  on  this 
fubje£f,  we  fhall  therefore  ftate  tlie  refults  of 
his  experiments.'’  The  apparatus  employed  by 
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this  able  chemlft  was  a leaden  chamber 
ftove  conftrucled  on  the  outfide,  and  communi- 
cating by  means  of  a flue  with  the  chamber. 
In  this  ftove  the  fulphur  was  melted,  and  a 
blaft  of  air  being  diretfed  on  its  furface,  com- 
buftion took  place,  and  the  producls  of  this 
combination  pafl'ed  into  the  leaden  chamber, 
and  were  thus  brought,  in  contacl  with  the 
water  which  it  contained.  "Vv  hen  the  current 
of  air  pafl'ed  very  rapidly  over  the  lulphur,  only 
a very  fmall  quantity  of  this  latter  iuffeved 
combuftion,  the  greater  part  being  fimply  in- 
volved in  the  air  in  a minutely  divided  ftate, 
and  depofited  within  the  chamber  in  the  form 
of  flowers  of  fulphur.  By  moderating  the  ra- 
pidity of  the  current  of  air,  die  combination  of 
the  fulphur  with  oxygen  is  mere  complete,  a 
large  quantity  of  fulphurous  acid  is  produced,  ‘ 
and  part  of  the  ' fulphur  is  found  covering  the 
furface  of  the  water  in  form  of  a thin  elaftic- 
Ikin.  If  the  current  of  air  is  rendered  (till 
flower,  fo  as  but  juft  to  keep  up  the  combuf-' 
tion,  the  whole  of  the  fu'phur  is  acidified,  but 
fo  large  a portion  of  it  is  m the  ftate  of  incon- 
denfible gas,  that  tlie  produdf  of  true  fulpiiuric 
acid  is  altogether  infignificant.  In  one  of  M. 
Chaptal’s  experiments  he  burnt  in  the  ccurfe 
of  feven  days  1135  lbs.  of  fulphur,  at  the  end 
of  which  time  fo  prodigious  a quantity  of  fuf- 
focating  gas  poured  out  from  the  chamber  as 
to  render  it  necelFary  to  flop  the  procefs;  in 
three  or  four  days  after,  the  door  of  the  cham- 
ber was  opened,  and  after  the  gas  had  elcaped, 
it  was  found  that  the  water  on  the  floor  of  the 
chamber  was  covered  with  a flexible  skin  of 
fulphur,  and  was  fcarcely  at  all  acidulous  to 
the  tafte. 

In  a fecond  experiment  the  combuftion  was 
much  flower,  2900  lbs.  being  burnt^  in  the 
fpace  of  thirty-three  days;  during  the  procefs 
much  fulphurous  acid  gas  efcaped,  and  on  the 
chamber  being  opened  there  was  no  appearance 
of  fublimed  fulphur  or  of  film  upon  the  water, 
fo  that  the  whole  of  the  fulphur  had  undergone 
combuftion,  but  the  produdl  of  condenfible 
acid  was  fo  fmall  that  the  water  was  only 
nightly  acidulous,  and  fcarcely  efFervefeed  with 
carbonated  alkali.  Hence  it  appears,  that 
though  atmofpheric  air  will  clFedt  the  combuf- 
tion of  fulphur,  yet  the  produft  is  little  elfe 
than  incondenfible  fulphurous  acid. 

Several  other  methods  have  been  tried  to 
fupercede  the  neceflity  of  employing  nitre,  but 
with  little  or  no  fuccefs.  Water  contains  a 
large  proportion  of  oxygen  in  its  compofition^ 
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and  is  readily  decompofeable  at  a moderate  heat 
by  a variety  of  fubltances,  attempts  have  been 
accordingly  made  to  employ  it  for  the  oxygena- 
tion of  fulphur.  If  to  fome  of  this  latter  when 
melted  and  ignited,  there  be  added  water  drop 
by  drop,  at  Ihort  intervals,  the  flame  of  the 
fulphur  will  be  enlarged,  its  colour  will  become 
of  a yellov/ilh  tinge,  and  a denfe  white  vapour 
will  arife  from  it,  but  this  latter  when  condenfed 
appears  to  be  only  very  flightly  acidulated  water 
highly  charged  with  minutely  divided  fulphur. 

A more  likely  method  of  producing  fulphuric 
acid  was  by  mixing  with  the  fulphur  a portion 
of  black  oxyd  of  manganefe,  capable  of  furnifli- 
ing  a quantity  of  oxygen  equal  to  that  contained 
in  the  proportion  of  nitre  ufually  employed, 
but  though  this  mixture  has  been  treated  in 
various  ways,  it  does  not  appear  capable  of 
furniflring  a greater  quantity  of  fulphuric  acid 
than  when  fulphur  is  Amply  burnt  in  atmof- 
pheric  air.  Even  oxygen  gas  itfelf  when  diftri- 
buted  by  means  of  a pipe  over  the  furface  of 
heated  fulphur  is  by  no  means  comparable  in 
in  efficacy  to  nitre  j the  I'apidity  of  the  com- 
buftion  is  indeed  very  rapidly  increafed,  but 
the  produ£l  is  almoft  entirely  fulphurous  acid 
gas. 

When  the  method  of  producing  fulphuric 
acid  by  the  combuftion  of  fulphur  and  nitre 
was  Aril  difeovered,  the  apparatus  employed 
was  a feries  of  very  large  glafs  balloons,  at  the 
bottom  of  each  of  which  was  a little  water  to 
condenfe  the  vapour ; only  a fmall  quantity 
of  the  mixture  could  be  burnt  at  once,  and  con- 
llant  fuperintendence  was  necelfary  to  fupply 
the  balloons  v,uth  freffi  charges  of  the  materials. 
In  order  to  fave  much  of  this  manual  labour 
and  the  heavy  lofs  arifing  from  the  frequent 
fratfure  of  the  veflels,  leaden  chambers  were 
made  ufe  of,  which  beAdes  requiring  lefs  atten- 
dance, and  being  upon  the  whole  cheaper, 
rendered  it  eaAer  for  the  manufacturer  to  ex- 
tend his  eftablifhment  to  any  required  magni- 
tude. Thefe  chambers  are  of  various  con- 
ftruttion  •,  the  moll  Ample  and  in  molt  general 
ufe,  are  furnifhed  only  with  two  apertures, 
namely,  a fmall  door,  by  v/hich  the  water  and 
the  fulphur  and  nitre  are  introduced,  and  a 
leaden  pipe  with  a flop-cock,  by  which  the 
water  when  acidulated  is  drawn  off ; other 
chambers  have  beAdes  a few  fmall  apertures 
for  the  introdudlion  of  atmofpheric  air  during 
the  combuftion,  and  a fleam  pipe  connedled 
with  a boiler.  It  being  found  that  if  the  w-ater 
is  introduced  in  the  flate  of  fleam,  a much 


more  rapid  condenfation  of  the  acid  enfuesthan 
in  the  ufual  way  of  proceeding.  In  fome  of 
the  befl  contrived  chambers  the  combuflion  of 
the  nitre  and  fulphur  is  effedled  in  a feparate 
flove,  and  the  acid  vapour  thus  produced  is 
poured  by  means  of  a pipe  into  the  condenfing 
chamber. 

There  is  a good  deal  of  difference  among  the 
manufadlurers  as  to  the  proportion  of  nitre  em- 
ployed, by  fome  it  is  made  equal  to  -j-  of  the 
fulphur,  while  by  others  it  is  not  allow'ed  to 
exceed  xo*  This  however  appears  to  be  fatis- 
fadlorily  eflabliflied,  that  within  the  above  limits 
the  greater  the  proportion  is  of  nitre,  the  more 
eafily  condenAble  will  the  acid  vapour  be,  and 
the  lels  fulphur  will  be  loft  in  the  form  of 
fulphurous  acid  gas.  If  the  nitre  exceeds  y of 
the  fulphur,  the  combuftion  will  be  fo  rapid  as 
to  drive  into  the  chamber  a conAderable  pro- 
portion of  fulphur  unaltered.  The  acid  vapour 
is  of  a denfe  opake  white  colour,  and  according 
to  Chaptal  is  conAderably  luminous : wdren  as 
nruch  of  it  is  condenfed  as  is  capable  of  being 
fo  in  the  ufual  procefs,  the  refidue  becomes 
quite  tranfparent,  and  is  for  the  moft  part  a 
mixture  of  fulphurous  acid  gas  and  nitrous 
gas  •,  it  has  a peculiar  and  very  pungent  fuffb- 
eating odour,  and  upon  opening  the  door  of 
the  chanVoer,  It  prefently  acquires  a faint  orange 
red  colour,  by  combining  with  the  oxygen  of 
the  air,  and  thus  forming  nitrous  acid  vapour  ; 
this  as  foon  as  formed  re-a£ls  on  the  leaden 
lining  of  the  chamber,  corroding  it  deeply,  and 
is  the  principal  caufe  of  the  fulphat  of  lead, 
which  common  fulphuric  acid  always  contains, 
and  often  in  conAderable  abundance.  It  would 
conduce  much  to  the  purity  of  fulphuric  acid, 
and  might  probably  be  found  even  to  be  an 
economical  plan,  to  line  the  chamber  with  glafs 
inftead  of  ffieet  lead  •,  the  general  appearance 
of  the  chamber  w’ould  then  refemble  a green- 
houfe,  and  all  the  wmod  work  ffiould  be  faced 
internally  with  glafs  j a compoAtion  of  wax, 
maftich,  and  Ane  fand,  wmuld  form  a ftrong 
cement  for  rhe  glafs,  and  little  liable  to  be  a£led 
on  by  acid  vapours,  more  efpecially  if  the  in- 
terfaces Ailed  up  with  it  w^ere  dufted  with 
powdered  glafs  or  very  Ane  fand,  while  the 
cement  was  yet  warm  and  adheAvc.  Such  a 
chamber  would  have  the  additional  advantage 
of  allowing  the  operator  to  fee  what  was  paffnig 
within,  without  the  neceffity  of  opening  the 
door. 

With  regard-  to  the  ftrength  of  the  acid  when 
withdrawn  from  the  condeiiAng  chamber,  we 
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are  Informed  by  Cbaptal,  that  in  his  manufac- 
tory it  ui'ed  to  mark  between  40®  ami  50°  on 
Beaumc’s  areometer ; it  was  then  evaporated 
in  leaden  boilers,  till  it  arrived  at  60®  of  Beaume, 
and  was  laftly  condenfed  in  glafs  retorts  till  it 
was  equal  to  66°,  and  was  then  at  the  common 
denfity  of  the  oil  of  vitriol  of  commerce.  We 
are  told  by  the  fame  author,  that  one  part  of 
fulphur  affords  nearly  two  parts  of  fulphuric 
acid  at  the  above  denfity  : this  however  appears 
to  be  a miftake.  We  fliould  imagine  that 
in  the  common  manufa£fories  the  lofs  by  ful- 
phurous  acid  gas  would  nearly  counterbalance 
the  increafe  from  the  addition  of  oxygen  and 
water  j indeed  it  is  exprefsly  ftated  by  fome 
authors  that  loolbs.  of  fulphur  produce  by  com- 
buftion  an  equal  weight  of  fulphuric  acid. 

It  has  been  already  mentioned  that  the 
common  Englifh  fulphur  (and  probably  all  that 
which  is  obtained  during  the  roafting  of  copper 
ore)  is  unfit  for  the  preparation  of  fulphuric 
acid,  on  account  of  a yellowifli-brown  colour 
that  it  gives  to  this'dluid,  and  which  it  is  ex- 
tremely difficult  to  get  rid  of.  For  this  reafon 
the  refined  Sicilian  fulphur  is  the  only  kind 
that  is  employed  in  this  manufacture,  at  leaft 
in  Britain.  But  though  by  the  due  feleClion  of 
fulphur  one  fource  of  impurity  is  avoided,  yet 
there  are  others  which,  according  to  the  ufual 
mode  of  pi'eparing  this  acid,  it  is  impoffible  to 
efcape.  The  watery  acid  as  it  runs  from  the 
leaden  chamber,  is  neceffarily  mixed  with  ful- 
phat  of  lead,  with  a fmall  quantity  of  nitrous 
acid,  and  holds  fufpcnded  in  a minutely  divided 
ftate  a portion  of  fulphur,  from  which  it  ac- 
quires a yellowifh  colour : during  the  evapo- 
ration in  the  leaden  boilers,  probably  a listle 
more  fulphat  of  lead  is  taken  up.  The  high 
heat  required  for  the  final  concentration  of  the 
acid  in  the  glafs  retorts,  by  caufing  the  nitrous 
and  part  of  the  fulphuric  acid  to  re-a£t  on  the 
diffufed  fulphur  and  other  inflammable  impu- 
rities, takes  away,  for  the  mod  part,  the  colour 
from  the  fluid,  and  drives  off'  the  whole  of  the 
nitrous  gas  and  fulphurous  acid,  together  with 
a portion  of  water : thus  the  only  impurity  that 
finally  remains  in  the  fulphuric  acid  is  fulphat 
of  lead.  But  it  not  unfrequently  happens  that 
the  acid  during  concentration  lofes  its  colour 
very  flowly,  to  expedite  which  it  is  ufual  to 
add  a little  nitre,  the  acid  of  which  being  fet  at 
liberty  aCls  rapidly  on  the  colouring  matter  and 
dellroys  it,  being  itfelf  finally  driven  off'  in  the 
date  of  nitrous  gas.  The  alkaline  bafe  of  the 
nitre  however  remains  diflblved  and  combined 
with  the  fulphuric  acid,  fo  that  befides  fulphat 
■of  lead  it  is  further  contaminated  by  fulphat  of 


potafh,  and  if  the  nitre  is  added  fomewhat  In 
excefs,  and  only  a little  while  before  the  con- 
centration is  fmifhcd,  it  is  very  probable  that  a 
portion  of  nitrous  acid  will  ilill  remain  Nor 
is  it  of  trifling  moment  that  the  whole  of  the 
nitrous  acid  fliould  be  expelled,  for  if  the  dyer 
or  callico  printer  employs  an  impure  acid  of 
this  defeription  in  making  Saxon  blue  (fulphat 
of  indigo)  he  will  find  to  his  coft  that  he  has 
got  a green  inftead  of  a blue  pigment.  From 
the  occafional  occurrence  of  the  above  and  other 
fimllar  difappointments  it  is  that  the  dyers  on 
the  continent,  when  they  can  procure  either 
the  fulphuric  or  the  genuine  vitriolic  acid,  al- 
ways prefer  the  latter,  notwithftanding  tlie 
great  fuperiority  of  its  price. 

Common  fulphuric  acid  niay  be  freed  frem 
the  fulphats  of  lead  and  potafli  which  it  gene- 
rally contains,  by  diftillation ; this,  however, 
though  apparently  a very  fimple  procefs,  is 
rather  a nice  matter  to  manage,  according  to 
the  ufual  method.  Sulphuric  acid  is  not  capable 
of  being  diftilled  at  lefs  than  a red  heat,  when 
therefore  the  denfe  hot  vapour  firft  comes  in 
conta6l:  with  the  necks  of  the  retort  and  receiver, 
it  is  apt  to  break  them,  unlefs  the  precaution 
has  been  taken  of  thoroughly  heating  them  by 
means  of  a pan  of  charcoal  placed  beneath,  a 
minute  or  two  before  the  diftillation  commences. 
All  this  rifle  however  may  be  avoided  (and  in 
fome  laboratories  it  aftually  is  fo)  by  connecting 
the  glafs  body,  in  which  the  acid  is  boiled,  with 
the  receiver,  by  means  of  a tube  of  platina ; 
boiling  fulphuric  acid  has  not  the  leall  aClion 
on  this  metal,  and  the  vapour  in  its  pafliige 
through  becomes  fo  far  cooled  and  condenfed, 
that  it  flows  into  the  receiver  in  drops. 

Sulphuric  Acid,  when  pure,  is  perfeClly 
tranfparent  and  colourlcfs  j but  the  common 
oil  of  vitriol  of  the  fliops  has  almoft  always 
a very  pale  hair  brown  tinge,  probably  arifing 
from  the  carbonization  of  a little  of  the  cement 
with  which  the  bottles  in  which  it  is  kept  are 
clofed.  In  its  general  appearance  and  confif- 
tence  when  fliaken  it  is  not  unlike  oil,  whence 
it  derived  its  commercial  name  oil  of  vitriol. 
It  is  entirely  inodorous  : to  the  touch  it  is  at 
firft  fmooth  ancr.unCluous,  but  it  preiently  after 
excites  a violently  burning  fenfation,and  corrodes 
the  Ikin  with  great  rapidity  ; even  when  largely 
diluted  with  water,  it  is  acerb  and  intenlely 
four,  and  fets  the  teeth  on  edge.  It  changes 
moft  vegetable  blues  to  red,  and  exhibits  the 
other  generic  charafters  of  acids  in  an  eminent 
degree.  Concerning  the  utmoft  poffible  denfity 
of  this  acid  in  an  imcombined  ftate,  there  is  a. 
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remarkable  duTerence  among  cKemical  writers, 
according  to  Beaume  and  Bergman  it  fome- 
times  amounts  to  2.125.  According  to  Wiegel, 
the  fpecific  gravity  of  the  fuming  glacial  ful- 
phuric  acid  is  1.898,  while  that  of  the 
Engiifli  fulphuric  acid  cannot  be  brought  higher 
than  1.851.  Mr.  Perceval*’  found  that  com- 
mon fulphuric  acid  of  the  fpecific  gravity  of 
1.842,  after  being  heated  to  rednefs  for  half  an 
hour  in  a retort,  during  which  time  it  emitted 
copious  white  fumes  of  fulphuric  acid  and  ful- 
phurous  acid  gas,  v/as  increafed  to  1.852  : but 
this  concentrated  acid  was  impure,  fince  by 
dilution  with  water  it  depofited  a white  powder, 
probably  fulphat  of  lead;  being  then  diftilled, 
the  acid  that  came  over  appeared  to  be  perfectly 
pure,  and  when  concentrated  by  being  heated 
for  fom.e  time  in  a retort,  its  fp.  gr.  was  found 
to  amount  to  1.846.  Hence  it  appears  that 
there  is  a real  difference  in  the  extreme  den- 
fities  of  fulphuric  acid  made  from  fulphur,  and 
that  procured  from  the  diftillation  of  martial 
vitriol.  Nor  is  this  at  all  furprifing  if  we  attend 
to  the  circumftances  of  their  produflion.  The 
fulphuric  acid  when  combined  with  oxyd  of 
iron,  with  which  it  has  a ftrong  affinity,  and 
which  is  itfelf  fixed  in  the  fire,  will  neceffarily 
be  capable  of  being  dephlegmated  to  a much 
higher  degree  than  when  the  acid  is  expofed  to 
the  adlion  of  heat  in  an  uncombined  ftate  as  is 
the  cafe  in  the  concentration  of  the  Englifh 
fulphuric  acid. 

'The  fixity  of  fulphuric  acid  is  very  confide- 
rable  : when  in  the  ftate  of  common  oil  of  vitriol 
it  requires  nearly  a red  heat  for  its  vaporiza-r 
tion,  and  though  when  diluted  with  water  it 
will  boil  at  a confiderable  lower  temperature, 
yet  little  elfe  than  water  is  driven  off,  and  the 
acid  becoming  more  and  more  concentrated, 
requires  a continually  increafing  heat  to  keep 
up  its  ebullition  till  it  arrives  at  the  degree 
necefl'ary  for  the  volatilization  of  the  acid  itfelf. 

Sulphuric  acid  freezes,  or  cryftallizes,  by 
expoiure  to  cold,  and  it  appears  to  congeal  with 
more  eafe  when  moderately  concentrated  than 
v.'hen  it  is  dilated  ; this  remarkable  circumftance 
was  firft  pointed  out  by  the  Due  d’Ayen,  was 
then  confirmed  by  Morveau,  and  has  fince  been 
treated  at  large  and  in  a very  fatisfadlory  man- 
ner by  Mr.  Keir.  <*  This  accurate  obferver 
found  that  fulphuric  acid  of  the  fp.  gr.  of  i 78, 
congeals  at  about  40  ° Fahr.  but  that  if  the 
denfity  is  either  increafed  or  dirniniflred,  a 
greater  cold  is  required  for  its  congelation. 
Proceeding  from  the  above  denfity  in  each  di- 
* Iri»b  Phil.  Trauf.  vol.  iv.  p.  b’8.  • i’iiil.  Tra 


redfion,  he  found  that  fulphuric  acid  at  the  fp. 
grs.  of  1.786  and  1.775,  or  at  any  intermediate 
denfity,  freezes  when  expofed  to  the  cold  of 
melting  fnow  ; that  if  the  energy  of  the  freezing 
mixture  be  increafed  by  the  addition  of  common 
fait,  it  will  congeal  fulphuric  acid  at  the  fp.  grs. 
of  1.841  and  1.75,  or  at  any  intermediate  den- 
fity; but  that  acid  at  the  fp.  grs.  of  1.815  on 
the  one  hand,  and  1.745  on  the  other,  continue 
fluid.  Sulphuric  acid  while  freezing  eontracls 
confiderably  in  its  dimenfions ; ftJinetimes  it 
forms  a confufed  mafs,  but  often  ffioots  into 
large  regular  cryftals  in  the  form  of  oblique 
truncated  oddohedrons,  or  comprefled  hexahe- 
dral  prifms,  terminated  by  hexahedral  pyramids. 

Sulphuric  acid  unites  very  eagerly  with 
water.  If  fome  of  the  former  at  the  ufual  den- 
fity of  1.845  be  mixed  with  | of  its  weight  of 
water,  the  temperature  of  the  mafs  inftantly 
rifes  to  near  300°  Fahr.  and  a mutual  penetra- 
■ tion  takes  place,  the  denfity  of  the  compound 
being  greater  than  the  mean  denfity  of  its  in- 
gredients. If  even  four  parts  of  fulphuric  acid 
and  one  of  ice,  both  at  the  temperature  of  32°, 
be  mixed  together,  the  heat  of  the  mafs  will 
rife  to  212°,  but  if  the  proportion  ©f  ice  be  in- 
creafed confiderably,  the  caloric  neceflary  to 
the  liquid  ftate  of  the  mixture  will  exceed  that 
which  is  extricated  during  the  combination  of 
the  ingredients,  and  cold  will  be  produced;  thus 
if  four  parts  of  ice  and  one  of  acid  at  32°  be 
mixed  together,  the  temperature  of  the  mafs 
will  be  cooled  down  to  — 4”.  But  in  all  cafes 
where  concentrated  fulphuric  acid  is  employed 
in  the  compofition  of  freezing  mixtures,  there 
is  at  the  moment  of  their  combination,  as 
Beaume  has  well  obferved,  a very  fenfible  pro- 
duftion  of  heat,  which  muft  materially  dimi- 
niffi  the  frigorific  effe£l;  thus  according  to  the 
able  chemift  laft  mentioned,*^  if  one  part  of 
fulphuric  acid  at  the  common  temperature,  and 
four  parts  of  ice,  be  mixed  together,  the  fiift 
eff'eft  is  to  raife  the  thermometer  in  an  inftant 
to  94“  F.  from  which  it  finks  as  fpcedily  to 
32°.  But  if  the  acid  has  been  previoufly  diluted 
with  water,  the  temperature  finks  on  the  addi- 
tion of  ice  to  5“  F.  without  any  previous  heat 
having  been  excited.  So  powerful  is  the  affi- 
nity of  fulphuric  acid  for  water  that  it  will 
abforb  moilture  wdth  great  rapidity  from  the 
air,  fo  as  in  a very  few  days  to  double  or  treble 
its  w-^eight.  Even  a boiling  temperature,  when 
the  acid  is  moderately  concentrated,  will  not 
counter-balance  this  ftrong  tendency;  hence  it 
is  that  fulphuric  acid  cannot  by  boiling  in  an 
if.  for  1787,  p.  *67.  f Chem.  E.xper.  I.p.  219. 
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open  veffel,  be  concentrated  nearly  fo  much  as  and  that  it  is  compofed  of  mere  or  real  acid 
by  diftillation  in  a clofe  apparatus,  ' and  potafh.  Therefore  130  grs.  of  fulphuric 

It  does  not  appear  pofRble  to  obtain  the  ful-  acid  at  1.565  contain  70.5  of  real  acid,  and 
phuric  acid  free  from  water,  except  it  is  com-  ico  parts  of  the  fame  diluted  acid  contain  54.2 
bined  with  fome  alkaline  or  earthy'bafej  but  as  of  real  acid. 

it  is  a matter  of  fome  importance,  both  in  che-  By  a fimilar  method  the  proportion  of  real 
mical  experiments,  and  in  feveral  manufaclur-  acid  in  fulphuric  acid  of  the  fpecific  gravity  of 
ing  procefles  where  this  acid  is  employed,  to  2.0  or  Jlandard  acid  was  afeertained,  and  by 
afeertain  the  real  ftrength  of  inixtures,  con-  diluting  this  acid  with  various  proportions  of 
taining  different  proportions  of  acid  and  water,  water,  the  quantity  of  ftandard  or  real  acid  in 
feveral  chemifts  have  engaged  with  various  acid  of  any  fpecific  gravity  between  2.0  and 
fuccefs  in  this  interefting  enquiry.  Upon  the  1.0955  was  found.  But  when  fulphuric  acid 
whole  the  experiments  of  Mr.  Kirwan,  cor-  and  water  are  mixed  together,  a mutual  pene- 
refted  as  they  have  been  by  the  obfervations  of  tration  takes  place,  in  confequence  of  which 
Morveau  and' Berthollet,  feem  entitled  to  moft  there  is  an  increafe  of  fpecific  gravity.  This 
confidence,  and  are  fulllciently  exafl  to  anfwcr  augmentation  was  found  to  amount  to  about 
every  praftical  purpofe.  The  method  by  which  y’j-  of  the  whole  denfity.  The  gravities  as 
Mr.  Kirwan  has  refolved  this  important  pro-  found  by  experiment  being  correfted  accord- 
bleni  is  the  following. s He  took  fome  purified  ingly,  a table  was  conftrtuffed  fl’.ewing  the 
cream  of  tartar,  and  calcined  it  in  a filver  cru-  fpecific  gravity  of  any  mixture  of  fulphuric 
cible  till  the  tartaric  acid  was  entirely  de-  acid  and  water,  from  the  moft  concentrated  oil 
ftroyed;  from  the  refidue  by  lixiviation  with  of  vitriol,  down  to  one  fo  dilute  as  to  contain 
diftilled  water,  he  obtained  a folution  of  pure  only  1.78  per  cent,  of  real  acid.  This  table 
fubcarbonat  of  pot-afh,  which,  after  evaporation  will  be  given  in  the  Appendix, 
to  drynefs  and  fubfequent  ignition,  weighed  The  component  parts  of  fulphuric  acid  are 
1523.  5 grs.  This  fait  was  then  difiblved  in  well  known  to  be  fulphur  and  oxygen,  as  may 
water,  and  the  whole  weight  of  the  folution  be  demonftrated  either  by  analyfis  or  fynthefis; 
amounted  to  4570  grs.  Of  this  latter  folution  thus  if  fulphur  be  digefted  with  nitric  acid,  ni- 
360  grs.,  containing  I20grs.  of  fubcarbonat  of  trous  gas  will  be  given  out  from  the  decompo- 
potalh,  were  faturated  with  130  grs.  of  a ful-  fition  of  the  acid,  while  the  oxygen,  the  other 
phuric  acid,  the  fpecific  gravity  of  which  at  60“  element,  will  combine  with  the  fulphur,  and 
F.  was  1 .565,  During  the'^combination  of  form  with  it  fulphuric  acid ; on  the  other  hand, 
the  fulphuric  acid  and  the  alkali,  3 }.  grains  of  if  fulphat  of  foda  be  mixed  with  charcoal,  and 
carbonic  acid  which  had  previoufly  been  com-  expofed  to  a red  heat,  the  fulphuric  acid  is  de^ 
bined  with  the  alkali  were  expelled,  therefore  oxygenated  by  the  fuperior  affinity  of  the  char- 
the  amount  of  pure  potaffi  in  the  folution  was  coal;  carbonic  acid  and  carbonous  oxyd  are 
2=:  120 — 34:rr86gr3.  Water  was  now  added  produced,  and  the  fulphat  of  foda  is  found  to 
to  the  folution  till  it  amounted  to  3694  grs.  of  be  converted  into  fulphuret  of  foda,  from 
which  the  fp.  gr.  at  60°  F.  was  1.013.  which  the  fulphur  may  readily  be  procured  by 
Next,  45  grs.  of  fulphat  of  potaffi  were  dii-  folution  in  water,  and  the  addition  of  an  acid, 
folved  in  1017  grs.  of  water,  and  the  fp.  gr.  of  But  though  the  elements  of  fulphuric  acid 
this  folution  was  exaftly  equal  to  that  of  the  are  afceitaincd,  much  doubt  frill  exifis  with 
one  juft  mentioned;  but  in  this  latter  folution  regard  to  tlieir  rx;lative  proportions,  we  ffiall 
the  proportion  of  fait  to  water  was  ;i:23.6,  and  therefore  enter  with  fome  niimitenefs  on  this 
the  fpecific  gravities  of  both  folutions  being  the  part  of  the  fubject.  Three  methods  have  been 
fame,  the  fait  in  each  muil  alfo  bear  the  fame  followed  in  attempting  to  refolve  this  impor- 
ratio  to  the  water.  Therefore  in  the  former  tant  queflion.  The  firll  that  we  ffiall  mention, 
folution  the  amount  of  fait  was  r:z:  and  apparently  the  mofl  direef,  was  employed 

1^6.52  grs.  now  of  this,  86  grs.  were  potaffi,  by  Lavoifier.  He  placed  a given  weight  of 
hence  the  remainder,  namely  70.5  grs.,  were  purified  fulphur  in  a receiver,  with  a little  wa- 
acid  in  the  Itate  of  concentration  in  which  it  ter  to  abforb  the  acid  produced,  then  fetting 
exifts  in  fulphat  of  potafli;  but  fulphat  of  pot-  fire  to  the  fulphur,  he  fupplied  it  with  oxygen 
affi  lofes  fcarcely  any  perceptible  weight  by  ig-  gas  of  known  purity,  till  the  combuftion  ceafed, 
nition,  from  which  it  may  be  inferred  that  it  then  by  afeertaining  the  weight  of  fulphur 
contains  little  or  no  water  of  cryftallization,  burnt,  and  of  oxygen  gas  confumed,  he  infer- 

* Irilh  Phil.  Tranf.  vol.  iv. 


SUL 


SUL 


red  that  fulphuric  acid  was  coinpofed  of  71 
parts  fulphur  to  29  parts  oxygen.  In  this  efti- 
mare  however  the  proportion  of  fulphur  is 
nianifeftly  exaggerated,  for  by  the  combullion 
of  fulphur  in  oxygen  gas,  a quantity  of  ful- 
phurous  acid  will  be  produced  as  well  as  of 
fulphuric,  the  former  of  which  contains  a 
much  greater  proportion  of  fulphur  than  the 
latter. 

The  fecond  method  is  that  by  Berthollet,  as 
follows.  Having  afcertained  that  nitre  and  ful- 
phur in  the  proportion  of  four  parts  of  the 
former  to  one  of  the  latter  when  heated  in  a 
retort,  re-adted  on  each  other  quietly  and  with- 
out explofion,  he  mixed  together  288  grs.  of 
nitre,  and  72  grs.  of  fulphur,  and  heated  the 
mixture  in  a glafs  retort  till  the  emilhon  of 
nitrous  gas  entirely  ceafed:  during  the  procefs, 
12  grs.  of  fulphur  had  fublimed  unaltered,  and 
228  grs.  of  fulphat  of  potalh  were  produced 
bv  the  combination  of  the  alkaline  bafe  of  the 
decompofed  nitre  with  the  newly  produced  ful- 
phuric acid.  Now  according  to  Kirwan,  ful- 
phat of  potafli  is  compofed  of  45.2  fulphuric 
acid,  and  54.8  potafli,  therefore  out  of  the  228 
grs.  of  fulphat  of  potafli,  103  grs.  were  fulphuric 
acid,  compofed  of  72 — i2  = ()o  grs.  fulphur, 
and  43  grs.  oxygen;  hence  100  parts  of  ful- 
phuric acid  confifl;  of 

58.2  Sulphur 
41.8  Oxygen 
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The  third  method,  which  has  been  followed 
by  Berthollet,  Thenard,  and  Chenevix,  and 
which  appears  upon  the  whole  the.befl,  is  to 
digeft  a given  weight  of  fulphur  in  nitric  acid, 
till  it  is  completely  diflblved  and  acidified 
(which  if  performed  with  care  may  be  effedled 
without  the  produdlion  of  any  fulphurous 
acid)  then  to  add  a folution  of  nitrat  or  niuriat 
of  barytes  as  long  as  any  precipitate  takes 
place,  by  which  the  whole  of  the  tiewly- 
fornicd  fulphuric  acid  will  combine  with  bary- 
tes into  an  infoluble  fait;  then  to  edulcorate 
and  ignite  the  fulphated  barytes,  and  from  its 
weight  to  deduH  that  of  the  barytic  bafe;  the 
remainder  confequently  will  indicate  the 
amount  of  fulphuric  acid  produced,  from  which 
by  fubtracling  the  known  weight  of  fulphur, 
we  get  by  inference  that  of  tlic  oxygen.  But 
tiiough  this  mode  of  pi-oceeding  is  apparently 
unexceptionable,  yet  unfortunately  the  differ- 
jences  in  the  quantity  of  fulphat  of  barytes  pro- 
e Eacjclop.  Method.  Art.AciJe  Vitrioli<juc. 
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duced,  and  in  the  eflimates  of  the  component 
parts  of  this  earthy  fait  are  fo  prodigious  as  to 
throw  great  uncertainty  upon  the  fubjeft.  In 
the  experiments  of  Berthollet,^  288  grains  of 
fulphur  being  digefted  with  nitric  acid,  199  grs. 
remained  undiflblved,  therefore  89  grs.  were 
acidified;  muriat  of  barytes  being  added  there 
was  produced  948  grs.  of  fulphated  barytes, 
which  by  ignition  was  reduced  to  920  grains, 
therefore  100  grs.  of  fulphur  would  have  af- 
forded 1033  grs.  of  fulphated  barytes. 

On  the  other  hand,  Mr.  Chenevix''  acidified 
100  grs.  of  fulphur  by  digeftion  in  nitric  acid, 
and  by  the  fubfequent  addition  of  nitrated  ba- 
rytes obtained  694  grs.  of  fulphated  barytes. 

Laftly,  M.  Thenard,'  by  operating  in  a fi- 
milar  manner,  obtained  from  100  grs.  of  ful- 
phur 720  grs.  of  fulphated  barytes. 

The  above  differences  in  the  refults  of  expe- 
riments made  by  men  of  acknowledged  skill  in 
chemical  analyfis,  are  of  themfelves  fuflicient 
caufes  of  uncertainty,  but  the  difficulty  of  de- 
ciding will  be  much  increafed  when  thefe  vari- 
ations are  further  modified  by  the  different  es- 
timates of  the  component  parts  of  fulphated 
barytes.  According  to  Klaproth,  Withering, 
and  Black,  this  fait  contains  about  33.33  per 
cent,  of  acid.  According,  to  Chenevix,  it  con- 
tains 23.5  of  acid;  and  according  to  Thenard, 
25.18  of  acid.  (See  Sulphat  of  Barytes. 

Hence  by  compounding  the  above  refults, 
the  1033  grs.  of  fulphated  barytes,  obtained  by 
Berthollet,  indicate  the  compofition  of  ful- 
phuric acid  to  be  according  to 
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— 62.6  — 

58.8  Oxygen 

100. 

100. 

100. 

The  694  grs.  of  fulphated  barytes  obtained 
by  Chenevix,  from  the  acidification  of  too  grs. 
of  fulphur,  indicate  the  compofition  of  ful- 
phuric acid  to  be  according  to 


Klapr. 

Tlienard. 

Chenev. 

43.2 

— 57-+  — 

61.5  Sulphur 

56.8 

— 42.6  — 

38.5  Oxygen 

100. 

TOO. 

ICO. 

And  the  720  grs.  of  fulphated  barytes,  ob- 
tained by  Thenard,  indicate  the  compofition  of 
fulphuric  acid  to  be  according  to 
Phil.  Tranf.  * An.  dc  Chiin.  xxxii.  p.  266, 
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Klapr. 

Thenard. 

Chenev. 

41.8  — 

55-56 

— 59.1  Sulphur 

58.2  — 

44-44 

— 40.9  Oxygen 

100. 

100. 

100. 

It  has  been  dated  by  fome  chemifts  that  ful- 
pburic  acid  is  capable  of  combining  with  an 
additional  quantity  of  oxygen,  if  diftilled  flowly 
Ti-ith  ox  yd  of  manganefe.  This  experiment 
.was  however  repeated  without  fuccefs  by  Vau- 
quelin  and  Bouvier ; fulphuric  acid  and  oxy- 
gen gas  came  over,  acidulous  fulphat  of  man- 
ganefe remained  in  the  retort,  and  the  ful- 
phuric acid  on  examination  did  not  appear  to 
differ  in  the  fmalleft  circumftance  from  com- 
mon reftified  acid. 

Muriatic  acid  gas  combines  readily,  and  m 
confiderable  abundance  with  fulphuric  acid; 
tire  compound  acquires  a brownifh  tinge,  and 
when  expofed  to  the  air  emits  denfe  white 
fumes  of  muriatic  acid  gas,  probably  mixed 
with  a little  fulphuric  acid,  as  their  odour  is 
more  pungent  and  fuffocating  than  that  of  fim- 
ple  muriatic  acid. 

The  nitric  and  fulphuric  acids  unite  together 
readily,  either  by  dire£t  mixture  or  by  adding 
a little  nitre  to  fulphuric  acid.  This  compound 
when  moderately  concentrated  has  the  property 
of  diffolving  filver  without  materially  a£Hng  on 
copper;  hence  it  is  in  confiderable  ufe  for  re- 
covering the  filver  from  clippings  and  other 
refufe  of  the  manufa£lories  of  filver  plate. 

Sulphuric  acid  abforbs  by  agitation  a confi- 
derable quantity  of  red  nitrous  vapour,^  and  in 
confequence  acquires  a light  blue  colour.  The 
mixture  when  expofed  to  the  air  gives  out  a 
white  vapour.  If  water  is  added  the  great  heat 
that  is  thereby  generated  caufes  a very  rapid 
and  copious  emiffion  of  the  nitrous  vapour,  and 
fulphuric  acid  and  water  alone  remain  behind. 

Sulphuric  acid  thus  impregnated  with  nitrous 
vapour  after  a time  becomes  nearly  colourlefs, 
and  then  concretes  into  folid  cryltals;  in  this 
flate  when  dropped  into  water  it  acquires  a 
green  colour,  and  both  the  cryftals  and  water 
fparkle  with  the  fpontaneous  and  copious  pro- 
du£tion  of  nitrous  gas.  When  the  cryftals  are 
fimply  expofed  to  heat  they  melt,  emit  a denfe 
red  fume,  and  after  the  nitrous  vapour  is  thus 
driven  offi  the  refidue  is  common  fulphuric 
acid. 

None  of  the  fimple  combuflibles  appear  to 
have  any  a£tion  on  fulphuric  acid  at  the  com- 
mon temperature,  but  at  a high  heat  they  are 
Ann.  Chem.  vii.  p.  287.  ' Priei 
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all  capable  of  deoxygenating  this  acid,  and  re- 
ducing it  to  the  flate  partly  of  fulphur,  and 
partly  of  fulphurous  acid.  Thus  if  fulphur 
and  fulphuric  acid  are  boiled  together,  the  acid  ' 
takes  up  a fmall  portion  of  fulphur,  acquires 
thereby  a yellowifh  eolour,  and  the  peculiar 
fuffocating  odour  of  fulphurous  acid.  In  like 
manner  if  fulphuric  acid  is  diftilled  off  phof- 
phorus,  a large  produdtion  of  fulphurous  acid 
takes  place,  and  phofphoric  acid  remains  be-- 
hind  in  the  retort.  Charcoal  in  the  fame  m.::i- 
ner  deoxygenates  this  acid.  The  a£tion  of  hy- 
drogen upon  it  is  remarkably  energetic  ; if 
fome  pure  fand  moiflened  with  fulpluiric  acid, 
be  flrongly  heated  in  an  earthen-ware  tube,  and 
at  the  fame  time  expofed  to  a ftream  of  hydro- 
gen gas,  a copious  produdtion  of  fulphur  and 
water  vi'ill  enfue  from  a total  decompofition  of 
one  part  of  the  acid,  and  the  combination  of  its 
oxygen  wdth  the  hydrogen  ; accompanied  allb 
by  fulphurous  acid  arifing  from  an  imperfe<ft: 
decompofition  of  the  other  portion  of  acid. 
All  the  common  metals  e'xcept  gold  and 
platina  alfo  decompofe  fulphuric  acid  at  a boil- 
ing heat;  the  metal  is  oxydated  and  the  acid  is 
converted  into  the  fulphurous.  But  when  an 
acid  fufficiently  diluted  is  made  ufe  of,  thofe 
metals  that  have  a powerful  affinity  for  oxygen 
decompofe  the  water  in  preference  to  the  acid, 
whence  hydrogen  gas  is  given  out,  while  thofe 
whofe  affinity  for  oxygen  is  weaker,  as  filver 
and  mercury,  exert  no  adtion  either  on  the  acid 
or  water. 

Concentrated  fulphuric  acid,  even  when  cold, 
a(Sts  in  a very  ftriking  manner  on  mod  kinds  of 
vegetable  and  animal  matter;  If  a piece  of  pa- 
per or  draw,  for  example,  be  immerfed  in  ful- 
phuric acid,  the  texture  of  the  draw  Is  fpeedily 
broken  down,  it  acquires  a deep  black  colour, 
and  is  diffufed  through  the  acid  in  a date  of 
half  folution.  This  phenomenon  however  does 
not  take  place,  as  is  generally  fuppofed,  on  ac- 
count of  the  reaflion  of  the  fulphuric  acid  on 
the  carbon  and  hydrogen,  producing  fulphur-- 
ous  acid,  hut  from  the  drong  affinity  of  the 
acid  for  water,  in  confequence  of  which,  the 
oxygen  and  hydrogen  of  the  vegetable  matter, 
combine  together  into  water,  while  the  carbon 
is  precipitated.  But  of  this  we  ffiall  treat  more 
fully  in  the  article  Vegetable  Matter. 

Sulphuric  acid  combines  with  all  the  metal- 
lic oxyds,  with  the  alkalies,  and  all  the  earths 
except  filex,  forming  an  important  genus  of 
falts,  called  in  the  reformed  nomenclature,  5«/-- 
phatSy  which  fee. 

tley’f  Exper.  Method,  iii.  p.  144, 156.. 
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The  following  is  the  order  of  the  affinities  of 
fulphuric  acid.  Barytes,  ftrontlan,  potaOi,  foda, 
Hme,  niagnefia,  ammonia,  glycine,  yttria, 
alunhne,  zircon,  metallic  oxyds. 

The  ufes  of  fulphuric  acid  are  numerous  and 
very  important.  It  is  employed  in  the  labora- 
tory in  the  preparation  of  the  nitric,  muriatic, 
fluoric,  pholphoric,  and  many  other  acids;  it 
is  a ufeful  agent  in  various  procefl'es  of  chemi- 
cal analyfis.  It  is  largely  ufed  in  the  arts,  par- 
ticularly by  the  dyer  and  callico-printer,  and  is 
of  no  fmall  importance  as  an  article  of  the 
materia  medica. 

tSULPHURIC  AQlTi,  fuming,  or  Glacial, 

In  the  preceding  article  we  have  briefly  no- 
ticed fome  of  the  characferiftic  properties  of 
the  glacial  fulphiu'ic  acid,  or  that  obtained  from 
the  diftillation  of  calcined  fulphat  of  iron  : we 
now  proceed  to  relate  them  more  at  large,  as 
having  been  the  occafion  of  much  controverfy 
among  the  continental  chemills,  particularly 
thofe  of  Germany.  This  acid  ufed  to  be,  and 
perhaps  is  flill,  prepared  at  Nordhaufen  in 
.Saxony;  it  is  of  a dark  brown  colour,  and  ex- 
hales, when  expofed  to  the  air,  abundance  of 
denfe  white  fiffocating  vapours ; its  ufual 
fpecific  gravity  isrrri.p^.  When  diftilled  in 
a glafs  retort,  by  the  time  that  a fmall  portion 
has  come  over,  the  remaining  acid  is  nearly 
colourlefs,  and  of  a fomewhat  lefs  f]recific  gra- 
vity than  the  entire  acid;  it  no  longer  exhales 
any  vapours,  and  except  in  fuperior  denfity,  it 
does  not  appear  to  differ  from  the  common 
fulphuric  acid.  The  fluid  and  vapour  contained 
in  the  receiver  as  they  cool  down  gradually  to 
the'  temperature  of  the  atmofphere,  begin  to 
congeal;  the  vapour  forms  radiated  cryflals 
on  the  top  and  Tides  of  the  receiver,  while  the 
bottom  is  occupied  wdth  a coniufedly  cryftalline 
mafs,  differing  in  denfity  according  to  the  fpe- 
citic  gravity  of  the  acid  before  xliftillation. 
Hence  it  is  obvious,  that  the  fuming  acid  of 
Nordhaufen,  differs  from  common  acid  in  be- 
ing mixed  or  combined  with  a cryftallizabie 
Tub  fiance  mere  volatile  than  fulphuric  acid. 
This  fubftance  was  fuppofed  from  its  fuffocat- 
■ ing  odour  to  be  fulphurous  acid,  accordingly, 
experiments  were  made  by  M.  Dollfufs  and 
others,  to  reftore  the  clear  reiStified  acid  to  its 
former  ftate,  by  digefiing  it  with  charcoal,  faw- 
duft,  oil,  alcohol,  and  other  deoxydating  fub- 
ftances;  but  though  the  acid  by  this  means  ac- 
quired a brownilh  black  colour  and  a fulphur- 
ous odour,  it  was  hardly  at  all  fuming  when 
^xpofed  to  the  air;  and  on  difiillation  it  af- 
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forded  a weakly  acid  fulphurous  liquor,  which 
neither  congealed  nor  emitted  white  vapours. 
From  the  refults  of  thefe  experiments  M.  Doll- 
fufs concluded  that  the  fuming  and  glacial  qua- 
lity of  the  Saxon  fulphuric  acid  w'as  owing  to 
the  prefence  of  a peculiar  volatile  fait. 

In  order  more  compleatly  to  elucidate  the 
matter,  a feries  of  experiments  w^as  undertaken 
by  M.  Morveau.  Fie  took  4 lbs.  of  green  vi- 
triol, and  by  careful  calcination  reduced  its 
weight  to  28  ounces;  thefe  w^ere  put  into  an 
earthen- ware  retort  and  diftilled  at  the  full  heat 
of  a reverberatory  furnace.  When  the  retort 
began  to  grow  red,  a weak  acid  came  over  in 
drops  during  about  half  an  hour;  the  receiver 
was  then  changed,  and  as  the  heat  increafed, 
white  vapours  began  to  make  their  appearance. 
To  the  receiver  was  attached  a pneumatic  ap- 
paratus, in  order  to  colle£l  the  gas  produced, 
which  being  examined  from  time  to  time  it  ap- 
peared, that  during  the  firft  three  hours,  little 
elfe  came  over  than  atmofpheric  air,  which  was 
then  fucceeded  for  the  next  hour  and  a half  by 
fulphurous  acid  gas  either  pure  or  at  leaft 
mixed  with  no  oxygen;  by  degrees  however  it 
became  diluted  with  oxygen  gas,  and  during  the  ' 
next  four  hours  and  a half  ( after  which  the 
procefs  was  put  an  end  to)  a large  quantity  of 
oxygen  gas  was  produced,  mixed  however  dur- 
ing the  whole  time  with  fulphurous  acid. 
The  fluid  in  the  receiver  was  of  a brown  co- 
lour, and  being  expofed  during  the  night  to  a 
temperature  of  47®  Fah.  was  found  in  the 
morning  to  be  congealed  into  a folid  mafs  of 
cryflals,  Muth  the  exception  of  a few  drops  of  a 
brown  liquid. 

As  foon  as  the  receiver  was  feparated  from 
the  retort,  it  was  inftantly  filled  with  white  va- 
pours which  poured  out  fo  rapidly  as  in  a fhort 
time  to  fill  the  whole  laboratory;  thefe  fumes, 
though  fomewhat  fulphurous,  were  by  no 
means  fuffocating.  A few  drops  of  water  being 
fprinkled  on  fome  of  the  concrete  acid,  caufed 
a hiffmg  noife  like  that  of  a bar  of  iron  plunged 
in  cold  water,  and  the  acid  immediately  melted 
and  entirely  loft  its  fuming  property.  If  the 
ftopper  of  the  vefl'el  in  which  the  glacial  acid  is 
kept  be  often  taken  out,  the  cryllals  at  length 
refolve  themfelves  into  a brown  liquor,  and  if 
this  is  again  fubje£led  to  diftillation  there 
comes  over  an  acid,  at  firft  highly  fulphurous, 
but  becoming  lefs  fo  as  the  procefs  goes  on; 
no  portion  however  of  the  diftilled  producl  is 
in  the  leaft  degree  fuming  or  congealable  at  the 
common  atmofpheric  temperature. 

From  thefe  fafts  it  appears  probable  that  the 
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eflential  difference  between  the  common  and 
glacial  acid,  is  that  the  latter  from  the  mode  in 
which  it  is  prepared  Contains  a fmaller  portion 
of  water  than  the  former,  and  that  to  this  is 
owing  both  its  volatility  and  property  of  conge- 
lation; it  is  incidentally  mixed  with  fulphureous 
acid,  but  the  prefence  or  abfence  of  this,  does 
not  appear  to  be  of  any  material  importance. 

SULPHATS. 

Under  this  article  we  fhall  deferibe  the  falts 
produced  by  the  union  of  fulphuric  acid  with 
the  alkalies  and  earths.  The  metallic  fulphats 
are  deferibed  under  the  feveral  metals. 

All  the  fulphats  form  cryflaliizable  falts 
with  thefe  bafes,  except  with  alumine,  which 
requires  the  prefence  of  potafh  or  ammonia  to 
be  able  to  cryflallize.  The  lulphats  are  fcarcely 
decbmpofable  by  heat  alone,  but  when  fufed  in 
contauf  with  charcoal  or  any  carbonaceous 
matter,  they  ate  converted  more  or  lefs  com- 
pleatly  into  fulphuretSy  as  has  been  deferibed 
under  that  article.  They  are  all  infoluble  in 
pure  alcohol.  The  folutions  of  thefe  falts  are  de- 
compofed  by  the  other  falts  of  barytes  entirely, 
apd  by  the  falts  of  lime  nearly  fo,  the  acid  form- 
ing a precipitate  with  thefe  earths.  A fimilar 
decompofition  takes  place  when  any  fuiphat  is 
added  to  the  foluble  falts  of  lead,  fiver,  and 
other  metals  whofe  fulphats  are  little  foluble. 
None  of  the  fulphats  are  entirely  decompofed 
at  a moderate  temperature  by  any  other-  acid, 
the  fulphuric  Handing  the  highefl;  in  the  order 
of  affinity,  with  a very  few  exceptions.  But 
fame  of  the  acids  partially  decompofe  the  ful- 
phats, and  by  taking  part  of  their  bafe  they  re- 
duce the  remainder  to  the  ftate  of  acid  ful- 
phats. The  nitric  and  muriatic  acids  are  of 
this  kind,  and  the  tartareous,  with  regard  to  the 
fuiphat  of  potaffi.  But  the  acids  that  are  fixed 
in  the  fire,  fuJi  as  the  boraclc,  phofphorlc, 
and  arfenic,  decompofe  the  fulphats  totally  in  a 
red  heat  long  continned. 

SuLPHAT  OF  Potash,  or  Vitriolated  Tartar. 

This  fait  may  be  formed  by  the  diretf  com- 
bination of  fulphuric  acid  and  potafn,  or  car- 
bonat  of  potaffi,  but  being  of  little  value  it  is 
never  prepared  in  this  way,  as  it  is  produced 
in  the  diftillation  of  nitric  acid,  being  the  refi- 
due  of  the  decompofition  of  nitre  by  fulphuric 
acid.  This  refidue,  which  is  a hard,  white, 
acid,  faline  mafs,  contains  fuiphat  of  potafii, 
generally  with  a little  nitrous  acid  or  with  an 


excefs  of  fulphuric  acid.  It  ffiould  be  diflblved 
to  faturation  in  boiling  w^ater,  nearly  faturated 
with  carbonat  of  potalh,  in  cafe  the  acid  is  in 
confiderable  excefs,  and  on  cooling  gradually 
the  fuiphat  of  potaffi  feparates  in  fmail  cryflals. 
The  whole  cryltalline  mafs  taken  out  after  the 
liquor  is  perfedUy  cold,  and  has  Hood  at  reft 
for  a day,  is  nothing  but  fuiphat  of  potafli, 
which  by  re-folution  in  warm  water,  and  cool- 
ing more  gradually,  may  be  obtained  in  larger 
cryftals.  The  form  of  this  fait  is  generally  that 
of  a fix-fided  prifm  terminated  by  as  many  py- 
ramids, like  that  of  a quartz  cryftal. 

Suiphat  of  potaffi  is  the  leaft  foluble  of  all 
the  fulphats,  requiring  about  fifteen  times  its 
w'eight  of  cold  water,  but  only  five  parts  of 
boiling  water,  fo  that  much  of  it  readily  fepa- 
rates from  the  hot  folution  when  faturated. 
The  fait  is  very  hard  and  readily  reducible  to 
powder,  and  its  tafte  is  faline  and  bitter.  It  is 
perfedlly  permanent  in  the  air,  neither  deliquef- 
cing  nor  eft'ervefeing. 

On  account  of  the  fparing  folubility  of  this 
fait  it  is  often  feparated  in  the  form  of  a precipi- 
tate from  watery  folutions  as  foon  as  it  is  formed. 
Thus  if  moderately  concentrated  fulphuric  acid 
be  added  to  a ftrong  foluiion  of  potafii  or 
carbonat  of  potafli,  the  mixture  become',  almolt 
immediately  thickened  wdth  a large  quantity  of 
hard  white  powder  which  is  the  fuiphat  of  por- 
affi  formed  and  precipitated  at  the  moment  of 
mixture. 

This  fait  is  one  of  the  moft  eafily  diftin- 
guifliable  of  the  faline  fubftances,  by  its  hurd- 
nefs,  dittle  folubility,  and  bitter  tafte,  and  ge- 
neral pyramidal  form  of  its  cryftals. 

When  a cryftal  of  fuiphat  of  potafli  is  fud- 
denly  heated  it  decrepitates,  and  iplits  afunder 
W'ith  fome  violence.  It  then  parts  with  its 
water  of  cryftallization  which  is  not  more  than 
I. a in  too,  according  to  Dr.  Tliomfon.  At  a 
red  heat  it  melts,  but  does  not  undergo  further 
alteration. 

According  to  Mr.  Kirwan,  loo  parts  of  the 
dry  decrepitated  fait,  confift  of  54.8  of  potafli, 
and  45.2  of  acid,  which  agrees  very  nearly 
with  the  experiments  of  Dr.  Black;  and  too 
grs.  of  the  fait  dllTolved  in  water,  and  precipi- 
tated by  muriated  barytes  give  135.25  grs.  of 
ignited  fuiphat  of  barytes.  But  on  the  other 
hand.  Dr.  Thomfon,*  found  that  100  parts  of 
the  cryftalHzed  fait  loft  [.4  by  fufion,  which  is 
therefore  the  water  of  cryftallization,  and  that 
the  refidue  diflblved  in  water  and  precipitated- 
by  muriated  barytes  gave  only  128  parts  of 
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fulphat  of  barytes,  inftead  of  135.25.  The 
quantity  of  iulpLurIc  acid  indicated  by  a given 
quantity  of  julphat  of  barites  is  differently  efti- 
ntated  as  will  be  mentioned  under  that  head, 
but  the  difference  betvi^een  I -8  and  135-25 
in  an  experiment  performed  by  two  able  che- 
mifts,  as  appears,  precifely  in  the  fame  way, 
is  not  very  accountable,  particularly  with  lo 
fixed  a fublfance  as  fulphat  of  barytes,  which 
may  be  deficcated  thoroughly  with  fo  little  rilk 
of  lofs. 

^cid  Sulphat  of  Potaf}}. 

It  common  fulphat  of  potafh  is  put  into  a 
glafs,  or  better,  a platina  veffel,  and  fulphuric 
acid  poured  upon  it,  and  heat  applied,  the  mafs 
firll  melts  into  an  uniform  denfe  limpid  fluid, 
which  when  it  has  arrived  at  the  heat  at  which 
fulphuric  acid  boils,  fends  forth  an  abundance 
of  white  vapour,  which  is  the  excefs  of  acid 
that  evaporates.  This  continues  till  the  quantity 
of  acid  left  in  the  veffel  is  fomewhat  more  than 
a third  of  the  weight  of  the  fulphat;  but  when 
it  approaches  this  point,  the  vapour  gradually 
diminifhes  and  nearly  ceafes,  provided  the  heat 
does  not  exceed  that  of  low  rednefs,  the  faline 
mafs  in  the  veffel  remaining  all  the  time  per- 
fectly fluid  and  limpid.  It  then  has  the  ap- 
pearance of  a very  denfe  tranfparent  oil,  and  if 
removed  from  the  fire,  it  fpeedily  folidifies  uni- 
formly and  compleatly,  and  becomes  a hard, 
lough  opake-white  or  greenifli-white  mafs  of  a 
flriated  texture,  which  is  the  fuper-fulphat 
of  potaf }.  If  the  veflel  is  returned  to  the  fire, 
j.he  fait  again  melts  quietly,  and  becomes  tranf- 
parent. If  the  heat  is  raifed  to  full  rednefs, 
the  evaporation  of  the  acid  again  begins,  and 
by  continuing  the  heat  long  enough,  and  with 
fufficient  intenfity,  all  the  excefs  of  acid  may 
be  driven  off,  and  the  neutral  fulphat  alone  will 
remain;  but  the  difficulty  of  evaporation  in- 
creafes  as  the  excefs  of  acid  leflens,  fo  that  it 
would  require  many  hours  of  pretty  ftrong 
heat  to  drive  off  all  the  excefs.  The  fufibilipy 
of  the  mafs  alfo  decreafes  as  the  acid  evapo- 
rates. 

The  fuper  fulphat  thus  obtained  (the  heat 
not  having  exceeded  a low  rednefs)  has  a 
ftrongly  aci.d  tafte  mixed  with  fomewhat  of  bit- 
ternefs.  It  is  much  more  foluble  in  water  ihan 
the  fulphat,  requiring  for  folution  no  more 
than  twice  its  weight  of  water  when  cold,  and 
lefs  than  its  own  weight  when  boiling.  It  is 
very  flightly  deliquefeent.  If  moiftened  with 
a very  little  water  and  melted,  on  cooling  it 
forms  a fofter  mafs  than  before,  compofed  of 
long  ftrisc,  fomewhat  flexible,  and  often  of  a 


filky  luflre.  The  faturated  folution  of  this  fait 
in  boiling  water  cryftallizes  on  cooling. 

Super-fulphat  of  potafh  is  decompofed  by 
thofe  fubflances  that  decompofe  the  fulphat, 
and  it  is  alfo  reduced  to  the  ftate  of  common 
fulphat  by  any  alkali  or  eartli,  which  unites 
with  the  excels  of  acid.  The  proportions  of 
its  conftituent  parts  are  only  uniform  when  it 
is  cryftallized,  and  it  is  then  compofed  of  about 
two  parts  of  fulphat  of  potafh,  and  one  of  ful- 
phuric acid. 

The  neutral  fulphat  is  highly  ufeful  in  the 
manufa£l:uie  of  Alum,  and  a little  in  medicine. 
The  fuper-fulphat  is  not  employed,  as  it  is  not 
produced  in  any  manufadlure,  and  neither  of 
thefe  falls  are  of  fufficient  value  to  be  worth 
preparing  by  the  direct  combination  of  their 
ingredients. 

Sulphat  of  Soda,  or  Glauber  s Salt. 

This  fait  was  firft  dil'covered  by  Glauber,  in 
1658,  in  the  refidue  of  the  diflillation  of  com- 
mon fait  and  fulphuric  acid  for  procuring  mu- 
riatic acid.  This  fait  and  Epfom  fait,  or  fulphat 
of  magnefia,  were  often  confounded  together 
for  fome  time  after  the  firfl  difeovery  of  each, 
till  the  real  nature  of  the  latter  w'as  afeertained 
by  Dr.  Black. 

Sulphat  of  foda  is  found  native  in  a variety 
of  places  and  both  folid  and  difiblved  in  natural 
waters,  but  on  the  w'hole  the  quantity 'is  but 
fmall.  The  native  Glauhei's  fait  is  found  in 
Hungary,  in  the  neighbourhood  of  fait  lakes, 
and  is  deferibed  under  this  article.  This  fait 
is  alfo  contained  in  greater  or  lefs  quantity  in 
almofl:  every  natural  water  that  has  any  faline 
tafte  or  quality,  fuch  as  the  Seltzer,  Chelten- 
ham, &c.  and  particularly  in  many  of  the  hot 
faline  fprings,  combined  with  carbonat  of  foda, 
of  which  the  celebrated  thermal  waters  of 
Carlfbad  are  ftriking  inftances,  and  are  efti- 
mated  by  fair  calculation  to  pour  out  annually 
-upwards  of  a million  of  pounds  of  this  fait 
along  with  other  ingredients.  Many  brine 
fprings  alfo  contain  this  fait,  which  remains  in 
the  mother  water  after  the  extra£Hon  of  the 
common  fait,  and  may  then  be  obtained  by 
evaporation  and  cryftallization  on  cooling. 

Glauber’s  fait  is  alfo  procured  in  many  pro- 
ceffes  of  chemical  manufailure,  either  as  a re- 
fidue, or  an  intermediate  produbl  in  the  prepa- 
ration of  foda.  A good  deal  of  it  is  obtained 
in  manufa£Iure  as  a refidue  in  the  diflillation  / 
of  muriatic  acid  from  fulphuric  acid  and  com- 
mon fait,  or  of  oxymurlatic  acid  from  fulphuric 
acid,  common  fait,  and  manganefe;  or  in  the 
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manufa£l;ure  of  fal  ammoniac  from  fulphat  of 
ammonia  and  common  fait,  which  laft  in  this 
country  furnifhes  the  greater  part  of  the  Glau-^ 
ber’s  fait  in  ufe. 

This  fait  is  alfo  obtained  by  the  decompofi- 
tion  of  muriat  of  foda  by  pyrites,  and  by  gyplum, 
(as  defcribed  under  that  article)  and  is  the  in- 
termediate ftep  In  the  manufacture  of  foda  from 
common  fait. 

Sulphat  of  foda  in  its  common  ftate  forms 
long  tranfparent  cryftals,  which  are  ufually  fix- 
fided  prifms  with  dihedral  fummits.  Some- 
times they  are  obtained  of  an  enormous  fize, 
nearly  a foot  in  length,  and  an  inch  in  breadth, 
but  commonly  their  length  is  from  one  to 
about  three  inches.  The  tafte  of  fulphat  of 
foda  is  fait,  bitter,  and  unpleafant.  The  cryf- 
tals are  foluble  in  lefs  than  three  times  their 
weight  of  cold  water,  but  at  a boiling  heat  no 
water  is  required,  as  they  readily  liquefy  in 
their  water  of  cryftallization.  Hence  this  fait 
is  one  of  thofe  that  cryftallizes  with  the  great- 
eft  eafe  from  a hot  concentrated  folution. 
Confiderable  cold  is  produced  during  the  folu- 
tion of  the  /cryftals  in  water.  When  the  cryf- 
tals are  heated  they  liquefy  in  their  water  of 
cryftallization,  and  if  the  heat  is  continued  till 
the  water  is  entirely  evaporated,  a hard  white 
faline  mafs  remains,  which  is  the  fait  unaltered 
except  by  the  lofs  of  water,  fo  that  on  resolu- 
tion it  is  obtained  in  cryftals  as  before.  If  the 
dry  faline  mafs  be  boiled  with  water  till  the 
latter  Is  fully  faturated,  and  the  folution  poured 
into  a thin  phial  whilft  yet  fcalding  hot,  and 
immediately  corked  perfectly  tight,  the  liquor 
does  not  folidify  on  cooling  if  kept  quite  at 
reft,  but  remains  fluid  and  tranfparent.  but  on 
opening  the  cork,  and,  if  neceflkry,  giving  the 
bottle  a gentle  fliake,  an  inftant  folidification 
begins  at  the  furface,  rendering  it  opake,  and 
proceeds  rapidly  downwards  to  the  bottom  till 
the  whole  is  compleatly  congealed,  and  may 
be  inverted  without  fpilling  a particle.  A fen- 
fible  warmth  is  felt  on  the  outfide  of  the  bottle 
at  the  time  of  congelation.  The  caufe  of  this 
is  the  extrication  of  the  caloric  of  liquefaftion, 
as  explained  under  the  article  Caloric,  p.  207. 

When  this  fait  in  its  cryftallized  ftate  Is  ex- 
pofed  to  a dry  air  it  foon  becomes  covered 
with  a mealy-looking  powder,  and  after  a time 
the  whole  falls  into  the  fame  white  powder, 
which  confifts  of  the  fait  merely  deprived  of  moft 
of  its  water  of  cryftallization  by  the  addion  of  the 
jur,  and  reduced  to  about  half  its  former  weight. 

* Effays,  vol  i.  p.  iSz. 


Hence  the  fait  fliould  be  kept  In  well-clofcd 
bottles  to  preferve  its  cryftalline  form. 

The  compofition  of  tliis  fait  may  be  inferred 
from  the  following  fails.  According  to  Klap- 
roth,*’ 1000  grs.  of  the  fait  recently  cryftallized 
and  dried  on  blotting  paper  were  reduced  by 
thorough  drying  on  a fand-bath  to  420  grains, 
whence  the  quantity  of  water  of  cryftallization 
is  58  per  cent.  Alfo  100  grs.  of  the  dried  fait 
diflblved  in  water,  and  decompofed  by  acetited 
barytes  gave  168  grs.  of  dry  fulphat  of  barytes, 
whence  42  grains  of  dry  Glauber’s  fait  (the 
quantity  contained  in  100  of  the  cryftallized 
fait)  would  give  70.56  grains  of  fulphat  of 
barytes. 

Laftly,  from  the  refpeilive  quantities  of  ful- 
phurlc  acid  and  foda  required  for  mutual  fatu- 
ratlon,  and  from  the  quantity  of  dry  fulphat  of 
foda  thereby  produced,  Mr.  Kirwan  eftimates 
the  proportions  of  ingredients  in  too  parts  of 
the  cryftallized  fait  to  be  58  of  water,  23.52 
fulphuric  add,  and  18.48  foda. 

Some  of  the  decompofitions  of  fulphat  of 
foda  by  other  falts  are  interefting.  Of  thefe 
the  moft  curious  is  that  of  the  formation  of 
this  fait  in  a mixture  of  fulphat  of  magnefia 
and  muriat  of  foda,  wlien  expofed  to  a freezing 
temperatm'e,  which  was  firft  remarked  by 
Gren.*’  Thefe  falts  do  not  decompofe  each 
other  in  a temperature  above  freezing,  but  do 
it  readily  and  almoft  compleatly  below  this 
point.  What  is  remarkable,  this  decompofition 
when  once  efFedled  is  permanent  at  any  tempe- 
rature, for  on  raifing  the  heat,  Epfom  fait  and 
common  fait  are  not  regenerated  as  might  has  e 
been  expe£fed. 

Sulphat  of  foda  is  decompofed  by  muriat  of 
lime,  and  as  the  fulphat  of  lime  thence  refult- 
ing  is  nearly  infoluble,  moft  of  it  precipitates, 
and  the  folution  contains  little  elfe  than  the 
regenerated  muriat  of  foda,  provided  the  quan- 
tities of  each  fait  have  been  duly  proportioned 
to  each  other.  When  murlatcd  magnefia  and 
fulphat  of  foda  are  in  folution  together,  the  ad- 
dition of  lime  caufes  the  following  fuccelTive 
decompofitions,  viz.  the  lime  fitft  ,d«conipofes 
the  muriated  magnefia,  muriat  of  lime  is 
formed  and  pure  magnefia  is  precipitated  ; and 
the  muriat  of  lime  thus  formed , then  decom- 
pofes  the  fulphat  of  foda,  and  muriat  of  foda 
remains  in  folution,  whilft  fulphat  of  lime  pre- 
cipitates and  mixes  with  the  magnefia,  which 
has  before  fubfided.  It  is  upon  thefe  two  cir- 
cumftances,  namely,  tlie  decompofition  of  mu- 

' An.  Chim.  tom.  24, 
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riated  magnefia  by  lime,  and  of  Glauber’s  fait 
by  muriated  lime,  that  Gren  has  propofed  an 
ingenious  method  of  feparating  the  deliquefcent 
earthy  m.uriats  from  brine,  and  increafing  the 
proportion  of  common  fait,  by  the  addition  of 
lime,  or  Glauber’s  fait,  or  both,  according  to 
the  following  cafes : 

1.  If  the  brine  contains,  befides  common 
fait,  only  muriated  lime,  the  addition  of  Glau- 
ber’s fait  is  fufficient,  which  by  decompofing 
the  calcareous  muriat  produces  felenite  and 
com.mon  fait,  as  already  mentioned. 

2.  If  the  lime  contains,  befides  common  fait, 
Glauber’s  fait  and  muriated  magnefia,  the  ad- 
dition of  lime  alone  will  fuffice,  which,  as  we 
have  before  defcribed,  firft  decompofes  the 
muriated  magnefia,  and  the  refultlng  muriat  of 
lime  then  decompofes  the  Glauber’s  fait. 

3.  If  the  brine  contains,  befides  common 
fait,  only  muriated  magnefia,  both  lime  and 
Glauber’s  fait  mull  be  added,  for  obvious 
reafons. 

4..  If  the  brine  contains,  befides  common 
fait,  fulphat  an4  muriat  of  magnefia,  lime  and 
Glauber’s  fait  mu  ft  alfo  be  added. 

5.  If  the  brine  contains,  befides  common 
fait,  fulphat  and  muriat  of  magnefia,  and  ful- 
phat of  foda,  lime  alone  will  be  fufficient  if 
the  Glauber’s  fait  be  in  fufficient  quantity,  if 
not,  an  additional  quantity  of  the  latter  fait 
mu  ft  alfo  be  added. 

We  know  not  whether  any  of  thefe  methods 
have  been  adopted  in  the  manufacture  of  fait 
in  the  large  way,  neither  would  they  be  re- 
quired In  the  Englifli  rock  fait  and  brine  works 
on  account  of  the  very  fmall  proportion  of  im- 
purities, and  which  do  not  appear  to  throw 
much  obftacle  to  the  goodnefs  of  the  fait,  but 
in  the  falterns  from  fea-water,  where  the  falts 
of  lime  and  magnefia  are  abundant,  the  ingeni- 
ous ideas  of  Gren  might  be  adopted  to  advan- 
tage. Xhe  greateft  objection  would  be  In  the 
coft  of  Glauber’s  fait,  but  it  might  be  probably 
collected  In  winter,  from  fulphat  of  magnefia 
and  common  fait,  at  a moderate  expenfe,  and 
from  the  remaining  muriat  of  magnefia,  the 
earth  might  then  be  precipitated  by  a carbonated 
alkali. 

Sulphat  of  foda  Is  largely  ufed  in  medicine, 
being  a very  ufeful,  pxiwerful,  and  cheap  pur- 
gative. It  is  no  otherwife  ufed  In  manufacture 
than  as  a materia!  from  which  the  foda  may  be 
extracted  by  any  of  the  methods  already  de- 
fcribed under  the  article  muriat  of  foda. 

When  fulphat  of  foda  is  dilTolved  in  dilute 


fulphuric  acid  and  fet  afide  to  cryftalllze,  it 
depofits  large  rhomboidal  crytals,**  which  con- 
tain an  excefs  of  acid,  and  are  therefore  a fuper 
fulphat  of  foda. 

If  dry  lulphat  of  foda  is  heated  in  a glafs  or 
platina  veifel  with  concentrated  fulphuric  acid, 
they  melt  together  as  the  mixture  of  fulphat  of 
potafh  and  fulphuric  acid  do,  but  the  acid  in 
this  cafe  is  readily  driven  off  by  a moderate 
continuance  of  heat,  and  the  remaining  fait  re- 
diffolved  in  v/ater,  yields  cryftals  of  common 
Glauber’s  fait. 

But  a mixture  of  equal  parts  of  fulphat  of 
potafh  and  foda  retain  an  excefs  of  fulphuric 
acid  almoft  as  obftinately  as  fulphat  of  potafh 
alone  does.  In  all  thefe  cafes  the  excefs  of 
acid  may  be  got  rid  of  moft  accurately,  with- 
out affedling  the  neutral  fait,  by  diffolving 
the  whole  in  water,  fuperfaturating  it  with  car- 
bonat  of  ammonia,  evaporating  the  mixture 
carefully  to  drynefs,  and  then  applying  a mo- 
derate red  heat.  A denfe  white  fmoke  arifes 
before  the  mixture  is  red-hot,  which  is  fulphat 
of  ammonia,  and  by  continuing  the  heat  as 
long  as  a particle  of  vifible  fmoke  rifes,  all  the 
excefs  of  acid  is  volatilized  along  with  the  am- 
monia, and  the  neutral  fulphat  of  potafh  or 
foda,  remains  perfedfly  pure,  white  and  dry. 
It  is  probable  however  that  a fmall  portion  of 
the  neutral  fait  would  be  found  to  have  been 
volatilized  along  with  the  fulphat  of  ammonia, 
but  this  lofs  can  only  be  very  fmall,  and  the 
acftual  quantity  might  be  eafily  afeertained  by  a 
few  comparative  experiments. 

Sui.PHAT  OF  Ammonia.  Glauber’s  Secret 
Sal~  Ammoniac. 

This  fait  has  not  been  found  native.  It  may 
be  prepared  by  faturating  moderately  dilute 
fulphuric  acid  with  ammonia,  and  evaporating 
confiderably.  It  then  cryftalllzes  on  cooling, 
in  hexahedral  prifms  terminated  by  hexahedral 
pyramids,  or  often  in  filky  needled  cryftals. 
This  fait  is  produced  in  the  manufa£lure  of  fal- 
ammoniac,  but  only  as  an  intermediate  produfl-, 
and  is  immediately  decompofed y by  common 
fait,  producing  Glauber’s  fait  -find  muriated 
ammonia. 

Sulphat  of  ammonia  is  very  foluble  In  water, 
requiring  only  twice  its  weight  of  cold,  and 
much  lefs  of  boiling  water.  This  fait  is  very 
fiightly  deliquefcent  in  the  air.  It  generates 
much  cold  during  folution. 

When  a quantity  of  this  fait  is  heated  per  fe 
In  a retort,  and  all  the  products  received  in 
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fucccfTion,®  it  firft  liquefies  and  mere  water 
comes  over,  after  which  a confiderable  quan- 
tity of  ammoniacal  gas  is  given  out,  and  if  the 
fait  in  the  retort  be  then  examined,  it  is  found 
to  be  fulphat  of  ammonia  with  excefs  of  acid, 
and  may  be  diflblved  in  water  and  cryftalHzed 
with  this  excefs,  forming  a fuper-fulphat.  But 
if  the  heat  is  continued,  after  the  ammonia  has 
pafled  over  there  rifes  a denfe  white  cloud 
which  fills  the  veflels  and  concretes  into  mi- 
nute glittering  cryftals  of  volatilized  fuper-ful- 
phat. After  this  rifes  a great  quantity  of  ful- 
phurous  acid  and  water,  the  greater  part  of 
which  condenfes  in  the  receiver,  and  with 
them  a quantity  of  azotic  gas,  all  of  which  con- 
tinue till  nothing  remains  in  the  retort.  During 
the  diftillation  the  contents  of  the  retort  are 
always  liquid,  and  when  the  procefs  is  over, 
the  receiver  contains  fulphurous  acid,  water, 
and  ammonia,  and  in  the  neck  of  the  retort  is 
a quantity  of  fublimed  fuper-fulphat  of  am- 
monia. 

In  the  above  procefs  feveral  decompofitions 
take  place.  At  firft  a part  of  the  ammonia 
feparates  from  the  fait  leaving  the  latter  with 
excefs  of  acid;  after  which,  as  the  heat  is  in- 
creafed,  part  of  the  fuper-fulphat  In  the  retort 
is  totally  decompofed,  the  ammonia  is  refolved 
into  its  elements,  azot  and  hydrogen,  the 
former  of  which  pafles  off  in  a gafeous  form, 
and  the  hydrogen  unites  with  part  of  the 
oxygen  of  the  fulphuric  acid  to  form  water, 
and  the  acid  with  a dimirtilhed  quantity  of 
oxygen  becomes  fulphurous  acid.  The  entire 
produifts  therefore  are  ammonia,  water,  ful- 
phurous acid,  together  with  fome  fuper-ful- 
phat that  has  efcaped  compleat  decompofition. 

All  the  other  ammoniacal  falts  fuffer  this  de- 
compofition of  the  alkali,  totally  or  in  part, 
when  expofed  to  a high  heat. 

Sulphat  of  ammonia  is  decompofed  by  the 
fixed  alkalies  and  by  the  alkaline  earths.  Its 
compofition  according  to  Kirwan,  is  14.24  per 
cent,  of  ammonia,  54.66  of  acid,  and  31. i of 
water. 

Sui-PHAT  OF  Barytes. 

The  native  fulphat  has  been  already  de- 
feribed  under  the  article  Heavy  Spar,  and  it 
appears  to  agree  very  exa£tly  in  chemical  com- 
pofition with  the  artificial  fulphat,  for  if  any 
given  weight  of  heavy  fpar  be  decompofed  by  a 
carbonated  alkali,  and  the  carbonated  barytes 
thence  arifing  be  diffolved  in  muriatic  acid,  and 
again  precipitated  by  fulphuric  acid  in  the  form 
• Hatchett,  Phil,  Tranf.  for  1796.  p.  315. 


of  a fulphat,  the  weight  of  the  latter  very  ex-- 
a£Uy  correfponds  with  that  of  the  native  ful- 
phat if  pure,  and  if  an  equal  degree  of  heat 
has  been  employed  in  the  deficcatlon. 

Sulphat  of  barytes  is  formed  whenever  any 
barytic  fait  comes  in  conta£l  with  fulphuric 
acid  in  any  combination,  and  being  perfedlly 
infoluble  in  water,  and  in  all  acids,  except  the 
moft  concentrated,  it  precipitates  totally  and 
fpeedily  in  all  common  cafes,  and  may  be  col- 
leifted,  edulcorated,  and  dried  with  great  eafe,. 
and  without  rifk  of  lofs.  It  is  then  quite  free 
from  fmell  and  tafte. 

Sulphat  of  barytes  is  the  heavieft  of  all  the 
earthy  falts.  It  undergoes  no  change  by  being 
heated  red-hot,  without  addition,  except  the 
lofs  of  the  water  which  it  may  contain.  In  a 
very  ftrong  fire  and  Before  the  blow-pipe  it 
melts  into  an  opake  milky  globule. 

This  fait  is  perfedlly  unchanged  by  any  ex- 
pofure  to  air.  None  of  the  acids  when  at  all 
dilute  have  any  eft'e£l  upon  it,  but  if  it  is 
heated  with  concentrated  fulphuric  acid  to  the 
boiling  point  of  the  acid,  it  diflblves  therein 
compleatly,  forming  a clear  colourlefs  denfe 
fluid. On  dilution  with  water  the  fulphat  of 
barytes  again  feparates  totally  and  unchanged. 
The  fulphuric  folution  expofed  to  the  air  for 
fome  d;iys  depofits  the  fulphat  of  barytes  in 
beautiful  radiated  cryftals,  and  this  is  the  only 
method  in  which  it  can  be  brought  to  cryftallize 
by  art.  This  is  doubtlefs  effedled  by  the  ab- 
forption  of  water  from  the  atmofphere,  which 
dilution  being  gradr.al  allows  the  fulphat  to  be 
feparated  in  a regular  form. 

No  Angle  agent,  neither  acid,  nor  alkali,  nor 
earth,  can  feparate  the  fulphuric  acid  from  ba- 
rytes except  perhaps  the  fixed  acids  fuch  as  the 
arfenic  and  fluoric,  in  a very  ftrong  heat,  but 
this  fulphat  is  readily  decompofed  by  double 
affinity  by  the  carbonated  fixed  alkalies;  and 
alfo  by  fufion  with  chart oal.  In  the  former 
cafe  the  decompofition  may  be  effected  either 
by  repeatedly  boiling  the  fulphat  in  fine  pow- 
der, with  a folution  of  carbonat  of  potafh  and 
foda,  or  by  mixing  the  fulphat  with  two  or 
three  times  its  weight  of  the  dry  carbonated 
alkali,  and  giving  the  mixture  a moderate  red 
heat  (which  need  not  be  urged  to  fufion)  for 
half  an  hour,  and  then  lixiviating  the  faline 
mafs. 

In  both  Inftances  a faline  folution  Is  formed, 
which  confifts  of  fulphat  of  potafh  or  foda 
v/ith  fome  undecompofed  alkaline  carbonat, 
and  an  infoluble  powder  Is  obtained,  which 

* Withering,  Phil.  Tranf.  for  1784. 
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confifts  of  carbonated  barytes  with  any  fulphat 
of  barytes  that  may  have  efcaped  decompofi- 
tion,  and  which  may  be  readily  feparated  by 
the  nitric,  muriatic,  or  acetic  acids,  which  dif- 
folve  the  carbonat  and  leave  the  fulphat. 

In  the  other  method,  fulphat  of  barytes  is 
decompofed  by  fufion  with  about  a ftxth  of 
charcoal,  and  fulphuret  of  barytes  is  formed, 
from  which  the  earth  is  then  readily  feparated 
by  nitric  or  any  other  acid. 

Sulphat  of  barytes  is  alfo  decompofed  by  fu- 
fion  with  muriat  of  lime. 

All  thefe  methods  are  more  fully  defcribed 
under  the  article  B rytes.  (p.  124.) 

Though  barytes  or  any  of  its  foluble  falts 
are  highly  poifonous,  its  fulphat  has  no  obvious 
cfFedl;  on  the  body  w'hen  taken  into  the  flomach. 

The  compofitlon  of  fulphat  of  barytes  has 
been  very  varioufly  eftimated.  Kirwan,  Klap- 
roth, Black,  and  fome  other  eminent  chemifts, 
reckon  it  to  be  compofed  of  about  two  parts  of 
barytes  and  one  of  fulphuric  acid,  or  33.3  per 
cent,  of  acid  and  66.6  of  earth,  when  heated 
long  enough  to  expell  all  the  adhering  moililure. 
On  the  other  hand  Mr.  Chenevix  ellimates  only 
23.5  per  cent,  of  acid  and  76.5  of  barytes.  As 
the  authorities  on  each  fide  are  of  tlie  higheft 
refpeiElabllity,  and  as  the  eftablifhment  of  this 
point  is  of  more  importance  than  perhaps  of  any 
other  compound,  on  account  of  the  frequency 
with  which  it  is  reforted  to  in  chemical  opera- 
tions, it  will  be  right  to  give  the  particulars  of 
each  mode  of  eftimation,  which  are  in  many  re- 
fpefts  eflentially  different. 

Dr.  Withering  in  his  analyfis  of  the  native 
carbonat  of  barytes  dilfolved  100  grains  of  this 
fubftance  in  muriatic  acid,  then  decompofed  it 
by  dropping  in  fulphuric  acid  till  no  more  pre- 
cipitate enfued,  and  the  latter,  after  edulcora- 
tlon  and  ignition  for  half  an  hour  in  a red  heat, 
weighed  117  grains.  In  another  experiment, 
50  grs.  of  the  carbonat  gave  ^8.4  grs.  of  the 
fulphat,  which  clofely  correfponds  with  the 
former.  Now  he  had  before  found  that  100 
grains  of  the  carbonat,  previoufly  dried  in  a 
red  heat,  and  then  dilfolved  in  muriatic  acid, 
loft  21  grs.  by  effervefcence,  which  was  there- 
fore carbonic  acid,  and  contained  78.6  grs.  of 
pure  barytes.  Hence  as  100  grs.  of  the  car- 
bonat give  M7  of  the  ignited  fulphat  it  may  be 
concluded  that  thefe  1 1 7 parts  are  compofed  of 
78.6  of  barytes  and  38.4  of  acid,  or,  that  too 
parts  of  the  fulphat  of  barytes  conlill  of  about 
67.2  of  barytes,  and  32.8  of  acid. 

« Analyt.  EffaTi;,  yoI.  i.  p.  3311 — 337.  ‘ Ibid.  p.  376. 
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The  experiments  of  Klaproth, c very  clofely 
agree  with  thofe  above  mentioned.  This  ac- 
curate chemift  found  by  analyfis,  that  100 
grains  of  witherite,  or  native  carbonat  of  bary- 
tes, contained  ; 8 of  barytes,  and  that  the  fame 
quantity  of  it  dilfolved  in  muriatic  acid,  and 
precipitated  by  the  fulphuric  gave  1 20,5  grs.  of 
fulphat  of  barytes  dried  in  air,  which  may  be 
reckoned  as  equal  to  117.2  grs.  of  the  fame 
when  fully  ignited',  for  he  fays  in  another  place,'' 
that  185  grs.  of  fulphat  dried  in  air  were  re- 
duced to  180  by  ignition.  This  eftimation 
therefore  would  give  66.55  of  barytes,  and 
33.55  of  fulphuric  ac;id  in  100  of  the  dry 
fulphat. 

Nearly  the  fame  quantity  of  acid  alfo  is 
found  indire£Uy  by  decompofing  an  alkaline 
fulphat  by  a barytic  folution.  Dr.  Black  found 
in  his  analyfis  of  the  Geyfer  waters,  that  100 
grs.  of  fully  dried  Glauber’s  fait  formed  170 
grs.  of  dry  fulphat  of  barytes;  and  Klaproth* 
alfo  found  the  fame  quantity  of  Glauber’s  fait 
to  produce  168  grains  of  fulphat  of  barytes. - 
Now  by  Mr.  Kirwan’s  experiments,**  100  grs. 
of  dry  Glauber’s  fait  contain  56,08  of  real  ful- 
phuric acid,  whence  the  proportion  in  100  of 
fulphat  of  barytes  would  be  32.98  in  Dr. 
Black’s  experiment,  and  33.38  In  Klaproth’s. 
The  Glauber’s  fait  alfo  that  Klaproth  employed 
contained  in  132.5  grains  all  the  dry  fulphuric 
acid  of  95  grs.  of  liquid  acid  of  1.85  fp.  gr. 
which  by  Mr.  Kirwan’s  eftimation  is  77.18 
grs.  of  real  acid,  and  therefore  amounts  to 
56.9  grs.  in  100  of  fulphat  of  foda,  a number 
fufficiently  near  to  56.08  to  confirm  the  gene- 
ral accuracy  of  the  experiment. 

From  all  thefe  experiments  therefore  we  arc 
led  to  conclude  that  dry  fulphat  of  baryte* 
contains  very  nearly  two-thirds  of  barytes,  and 
one-third  of  acid,  or  66.6  per  cent,  of  the  former, 
and  33.3  of  the  latter. 

On  the  otlier  hand  the  experiments  of  Mr. 
Chenevix'  on  this  fubje£I  include  two  objcfis, 
one  to  afcertain  the  quantity  of  fulphur  in  ful- 
phuric acid,  and  the  other  to  determine  the 
compofition  of  the  fulphats  of  barytes  and  lime. 
They  were  as  follows:  100  parts  of  fulphur 
were  put  into  a retort  with  nitric  acid,  and  a 
receiver  with  a Woulfe’s  apparatus  was  luted 
on.  The  acid  was  repeatedly  diftilled  oft  th.e 
fulphur  till  the  whole  was  diflblved,  and  con- 
verted into  fulphuric  acid,  and  the  nitrous  gns 
generated  in  the  procefs  was  pafted  through 
water  to  abforb  any  fulphurous  acid  if  geiie- 

* Ibid,  p,  383.  ^ Addit.  Obferv.  011  Mineral  Acid*. 
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rated,  but  none  of  this  was  found.  All  the 
liquors  in  the  apparatus  were  united,  and  nitrat 
of  barytes  was  added  as  long  as  any  precipitate 
appeared,  which  was  therefore  fulphat  of  bary- 
tes, and  amounted  when  dry  to  694  grs.  Two 
other  experiments  gave  nearly  the  fame  refults, 
whence  the  author  concludes  the  quantity  of 
fulphur  in  100  parts  of  fulphat  of  barytes  to 
be  14.5  grs. 

In  the  next  place  fome  pure  lime  was  pre- 
pared by  faturating  muriatic  acid  with  white 
marble,  precipitating  the  lime  as  a carbonat  by 
carbonated  potaih,  and  fully  calcining  the  car- 
bonat of  lime  in  a platina  crucible,  in  a violent 
heat,  till  the  weight  no  longer  diminifhed.  Of 
this  lime,  ico  grains  were  dilTolved  in  dilute 
muriatic  acid  in  a platina  crucible,  and  then 
fuificient  fulphuric  acid  was  added  which  pre- 
cipitated fulphat  of  lime.  The  whole  contents 
of  the  crucible  were  evaporated  to  drynefs,  then 
raifed  to  fuch  a temperature  as  would  expell 
every  thing  but  the  combined  fulphuric  acid. 
The  increafe  of  weight  thus  obtained  was  76 
grs.  whence  the  author  concludes  176  parts  of 
dry  fulphat  of  lime  to  contain  76  of  real  ful- 
phuric acid,  fo  that  this  fait  will  then  confift  of 
57  per  cent,  of  lime  and  43  of  acid.  Hence, 
by  knowing  the  ratio  that  fulphat  of  barytes 
bears  to  fulphat  of  lime,  the  quantity  of  ful- 
phur in  fulphuric  acid  may  be  afcertained.  For 
this  purpofe  100  grs.  of  the  fame  dried  fulphat 
of  lime  (at  43  per  cent,  of  acid)  were  attempted 
to  be  diflblved  in  water  alone,  but  finding  that 
an  inconvenient  bulk  of  fluid  would  be  re- 
quired in  this  way,  Mr.  C.  firfl;  added  fome 
oxalic  acid  to  the  fulphat,  and  then  a little  mu- 
riatic acid,  which  effedled  a compleat  folution 
in  a moderate  quantity  of  fluid. 

The  folution  therefore  contained  oxalat  of 
lime,  probably  with  a little  fuper-fulphat,  both 
of  which  were  diflblved  in  rturiatic  acid. 

Into  this  liquor  muriat  of  barytes  was  poured 
as  long  as  any  precipitate  fe’l  down,  and  the 
liquor  was  heated  for  a fliort  time  to  keep  in 
folution  any  oxalat  of  barytes  which  would  be 
formed,  and  which  is  eafiiy  foluble  in  an  excefs 
of  acid.  The  weight  of  the  fulphat  of  barytes 
was  (on  the  average  of  three  experiments)  1 83 
grs.  which  therefore,  contain  as  much  acid  as 
ICO  grs.  of  the  fulphat  of  lime  employed,  or  43 
grs.  and  hence  100  parts  of  fulphat  of  barytes 
will  contain  23.5  of  acid.  But  by  the  firfl: 
experiment,  100  parts  of  fulphat  of  barytes 
were  formed  by  the  acidification  of  14.5  grs. 
of  fulphur,  and  hence  the  23.5  parts  of  ful- 
phuric acid  are  eftimated  to  be  compofed  of 


14.5  of  fulpliur  and  9.  of  oxygen,  fo  that  100 
parts  of  dry  fulphuric  acid  mull  confift  of  61.5 
of  fulphur  and  ^8.5  of  oxygen.  Alfo,  if  ful- 
phat of  barytes  contains  only  23.5  per  cent,  of 
acid,  the  whole  of  the  remainder,  or  76.5  muft 
be  barytes 

To  recapitulate  the  refults  of  thefe  experi- 
ments — 

Sulphuric  acid  is  compofed  of 

61.5  Sulphur 

38.5  Oxygen- 


100.0 

Sulphat  of  lime,  perfe£lly  deficcated,  Is 
compofed  of 

57.  Lime 

43.  Sulphuric  acid 


100. 

Sulphat  of  barytes,  perfe£Uy  deficcated,  is 
compofed  of  ^ 

76.5  Barytes 

Oxygen"  '^o  } ^3-5  Sulphuric  acid 
100.0 


100  parts  of  fulphat  of  lime  contain  the  fame 
quantity  of  acid  as  183  parts  of  fulphat  of 
barytes. 

The  difagreement  between  the  experiments 
of  Mr.  Chenevix  and  thofe  of  Klaproth,  Wi- 
thering, and  other  chemifts  already  mentioned, 
is  much  too  great  to  be  accounted  for  from 
flight  variations  in  deficcation.  See.  and  we 
muft  acknowledge  they  are  unaccountable. 
Some  obfervations  may  be  made  on  this  fub- 

Firft,  as  to  the  proportion  of  barytes  in  the 
fulphat  eftimated  by  Mr.  C.  This  able  chemift 
infers  it  from  the  quantity  of  acid  produced, 
and  attempts  to  account  for  the  difference  be- 
tween his  and  former  calculations,  by  obferv- 
ing  that  “ at  the  time  when  the  experiments 
“ were  made  that  determined  the  proportion  of 
“33  per  cent,  of  acid  in  fulphat  of  barytes  it 
“ was  not  known  that  we  had  never  obtained 
“ barytes  pure,  and  that  a confiderable  portion 
“ of  carbonic  acid  refifted  the  action  of  every 
“ degree  of  heat  that  had  been  applied  to  car- 
“ bonat  of  barytes,'*  &c. 

But  the  experiments  that  determined  the 
above  proportion  of  33  per  cent,  were  made 
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hy  decompofing  the  carbonat,  not  by  heat,  but 
by  an  acid,  and  the  lofs  of  about  22  per  cent, 
of  carbonic  acid  by  effervefcence  was  con- 
firmed in  Klaproth’s  experiments  by  many  un- 
exceptionable procefles.  If  therefore,  as  we 
have  before  mentioned,  too  parts  of  the  pure 
carbonat  lofe  nearly  22  of  carbonic  acid  by  ef- 
fervefcence, and  produce  1 1 7 of  the  fulphat 
(which  is  a fimple  and  apparently  unexception- 
able experiment)  the  quantity  of  76.5  per  cent, 
of  barytes  in  the  fulphat  mult  be  largely  over- 
rated; for  if  TOO  of  the  fulphat  contain  76.5, 

1 17  will  contain  89.5  of  barytes,  which  is  ob- 
vioufly  incompatible  with  the  other  experi- 
ments, as  the  100  parts  of  carbonat  could  not 
contain  more  earth  than  78  at  the  utmoft,  when 
it  loft  22  by  effervefcence. 

Mr.  Chenevix  produced  694  of  fulphat  of 
barytes  by  acidifying  loo  grs.  of  fulphur  with 
nitric  acid,  and  precipitating  all  the  liquors  by 
nitrat  of  barytes ; which  is  in  the  proportion  of 
14.5  of  fulphur  in  ico  of  the  fulphat.  But  if 
100  of  fulphat  of  barytes  contain  66.6  of  earth 
and  33.3  of  acid,  the  compofition  of  fulphuric 
acid  would  be  as  14.5  of  fulphur  to  18.8  of 
oxygen,  which  is  double  the  higheft  eftimation 
of  oxygen,  and  obvioully  impoffible.  Can  a 
quantity  of  nearly  infoluble  nitrat  have  mixed 
with  the  fulphat  and  increased  its  weight.'’ 

In  Mr.  Chenevix’s  next  experiment  the  43 
parts  of  fulphuric  acid  contained  in  100  of  ful- 
phat of  lime,  produced  183  of  fulphat  of  bary- 
tes. According  to  Klaproth’s  analyfis  of  this 
latter  fulphat  43  parts  of  acid  fiiould  only  have 
produced  three  times  as  much  fulphat  of  bary- 
tes, or  129  parts.  The  method  employed  by 
Air.  C.  was  rendered  complex  by  the  introduc- 
tion of  oxalic  acid,  yet  it  does  not  appear  that 
it  would  involve  any  material  fource  of  error. 
But  on  the  other  hand,  Klaproth™  eftimates 
that  220  of  fulphat  of  barytes  are  equivalent  in 
acid  to  160  of  fu'phat  of  lime,  whence  ico  of 
the  latter  would  yield  by  decompcfition  137  of 
fulphat  of  barytes.  It  fliould  alfo  be  obferved 
that  Mr.  Chenevix  makes  a much  lower  eftima- 
ation  of  the  quantity  of  fulphuric  acid  in  ful- 
phat of  lime  than  Kirwan,  Klaproth,  and  other 
chemirts  do;  for  by  Mr.  Chenevix,  57  of  lime 
and  43  of  acid  conftitute  too  of  the  fulphat, 
but  by  the  other  eftimation  100  parts  of  per- 
fedfly  dry  felenite,  contain  about  40  of  lime 
and  60  of  acid. 

The  difagreement  of  thefe  experiments  per- 
formed by  chemifts  of  acknowledged  Ikill  and 
fidelity,  might  lead  to  the  fuppofition  of  there 

" Vol.  i.  p.  168. 


being  more  than  one  fpecies  of  artificial  fulphat 
of  barytes,  with  different  proportions  of  acid 
and  earth,  but  further  experiments  are  required 
to  determine  this  point. 

A moft  unexceptionable  method  of  afeer- 
taining  the  quantity  of  barytes  would  be  the 
following:  diffolve  fome  of  the  pureft  tabular 
cryftals  of  muriated  barytes  in  water,  decom- 
pofe  the  folution  by  carbonated  ammonia,  wafli 
the  precipitated  carbonated  barytes,  and  dry  it 
for  half  an  hour  in  a low  red  heat.  Take  a 
giv'en  quantity  of  this  carbonat,  faturate  it  with 
muriatic  acid,  and  note  the  lofs  of  carbonic 
acid,  decompofe  the  folution  by  fulphat  of 
foda,  edulcorate  the  barytic  fulphat,  and  dry  it 
in  a low  red  heat  for  half  an  hour,  and  weigh 
it.  Then  take  another  equal  or  aliquot  portion  "* 
of  the  carbonat  of  barytes,  difl'olve  it  in  the 
pureft  nitric  acid,  evaporate  the  folution  to 
drynefs,  and  gradually  ignite  the  nitrat  in  a 
clean  platina  crucible  till  all  the  acid  is  decom- 
pofed  and  driven  off,  and  the  pure  barytes  alone 
is  left. 

The  refults  of  thefe  experiments  compared 
together,  would  give  as  accurately  as  can  well  be 
done,  the  quantity  of  carbonic  acid,  and  of 
barytes  in  the  carbonat,  and  of  barytes  in  the 
fulphat. 

SuLPHAT  OF  Lime.  Sdifilte.  Gypfum. 

Under  the  article  Gypfum  the  different  fpe- 
cies of  the  native  fulphat  of  lime  are  deferibed. 

To  this  it  may  be  added  that  this  fait  is  m.oft 
extenfively  diffufed  over  the  earth,  being  found 
in  fmall  quantity  in  almoft  every  common 
fpring  water  to  which  it  gives  (in  common 
with  other  eartliy  falts)  the  properties  of  hard- 
nefs  or  harflmefs  to  the  feel,  and  of  curdling 
foap. 

Sulphat  of  lime  when  taken  into  the  mouth 
in  fubftance  is  almoft  entii"ely  deftitute  of  tafte, 
owing  to  its  very  difficult  folubilily.  It  requires 
for  folution  about  500  parts  of  cold  water,  and 
fomewhat  lefs  of  boiling  water,  fo  that  it  is 
partly  depofited  from  the  hot  faturated  folution 
on  ftanding  for  fome  hours.  Though  the  quan- 
tity of  fulphat  of  lime  in  folution  in  pure 
water  is  fo  fmall,  each  of  its  ingredients  may 
be  formed  into  ftill  lets  foluble  ialts,  and  a pre- 
cipitate will  appear  on  the  addition  either  of 
oxalic  acid  which  abftracfs  the  lime,  or  of  a 
barytic  fait  which  unites  with  tiie  acid. 

Sulphat  of  lime  is  rendered  much  more  folu- 
ble in  water  by  the  addition  of  any  acid,  all  of 
which  (the  oxalic  excepted)  fimply  diffolve 

• Kirwan’s  Addit.  Obs. 
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witliout  decompofing  it  unlefs  the  quantity  of  tially  and  imperfe£Uy  decompofed,  and  fome 
acid  be  very  large.  fulphuret  is  formed. 

On  evaporating  any  of  the  folutions  of  fele-  The  compofition  of  fulphat  of  lime  is  given 
nite  in  acids,  and  allowing  the  folution  to  cool  with  fome  variety,  by  different  chemifts. 
when  highly  concentrated,  this  fait  feparates  in  Mr.  Kirwan  found  that  4.39  grs.  of  a dilute 
long  tranfparent  cryftals,  which  is  a very  com-  fulphuric  acid  (compofed  of  225  grs.  of  ftrong 
mon  form  for  it  to  occur  in  chemical  analyfes.  acid  pf  1.5654  fp.  gr.  at  60°  mixed  with  225 
It  is  then  dillinguifhed  by  its  want  of  tafte,  its  grs.  of  water)  fatujrated  152  grs.  of, marble, 
difficult  folubility  when  removed  into  pure  which  contained  83.6  grs.  of  lime.  The  above 
water,  and  by  its  affording  a precipitate  with  quantity  of  dilute  acid  contained  119.5  of  real 
the  oxalic  and  barytic  falts.  When  a liquor  acid  (for  the  explanation  of  which  fee  the  arti- 
containing  felenite  is  rapidly  evaporated,  this  cle  Sulphuric  Acid)  and  confequently  the  acid 
fait  feparates  as  a brittle  ffiining  pellicle.  and  lime  are  to  each  other  as  119.54:  83.6  or 

When  the  cryftallized  fulphat  of  lime,  native  as  58.84  of  acid  to  41.15  of  lime.  But  it  is 
or  artificial,  is  calcined  in  a red  heat,  it  fpiits,  fcarcely  polfible  to  obtain  thefe  quantities  from 
and  falls  into  a mealy  powder  by  the  lofs  of  its  100  parts  of  felenite,  unlefs  after  very  long  and 
v\rater  of  cryftallization.  This  forms  the  plafter  violent  ignition,  on  account  of  the  obftinacy 
of  Paris  fo  much  employed  in  modelling  and  with  which  water  adheres  to  the  fait.  This 
cements,  as  it  has  the  property  when  mixed  circumftance  too  throws  fome  difficulty  in  the 
with  water  to  the  confidence  of  athinpafte,  of  analyfis  of  this  fait,  for  if  100  parts,  for  ex- 
folidifying  in  a few  minutes,  and  becoming  a ample,  be  merely  ignited  for  a fliort  time,  and 
hard  brittle  mafs.  the  lime  feparated  accurately,  if  the  entire 

Selenite,  like  all  the  other  fulphats.  Is  infolu-  weight  remaining  to  make  up  the  100  parts  be 
ble  in  alcohol,  and  hence  this  fluid  is  a very  confidered  as  real  acid,  it  would  give  too  high 
ufeful  left  to  dete£f  the  prefence  of  felenite  in  a proportion  of  the  latter,  fince  felenite  thus 
any  watery  folution,.  and  to  feparate  it  without  dried  generally  contains  at  leafl  5 or  6 per 
decompofition.  Mr.  Kirwan*  found  the  power  cent,  of  water. 

of  this  teft  to  be  fo  extenfive  that  felenite  may  Thus  Klaproth  obtained  26.5  grs.  of  Ignited 
be  compleatly  precipitated  from  water  that  carbonat  of  lime  from  40  grs.  of  ignited  fele- 
contains  it  in  the  proportion  of  toW>  or  even  nite,  which  would  be  equivalent  to  36.87  of 
lefs,  by  any  fpirit  of  wine  whofe  fpecific  gra-  pure  lime  from  100  of  the  felenite;  but  if  all 
vity  is  below  0.850.  Hence  much  advantage  the  63.13  remaining  were  confidered  as  real 
may  be  made,  of  alcohol  in  analyfes  of  com-  acid,  it  would  probably  make  it  much  too  high, 
pounds  that  contain  this  fait.  The  eftimation  given  by  Mr.  Chenevix  of 

Sulphat  of  lime  is  decompofed  by  the  fixed  the  proportions  of  fulphuric  acid  and  lime  In 
alkalies,  by  lime,  and  by  barytes,  efpeclally  in  a the  fulphat  very  ftrongly  ignited,  and  the  mode 
boiling  heat,  and  ftill  more  readily  by  the  alka-  of  making  the  experiment,  have  been  already 
line  carbonats.  For  this  purpofe  reduce  the  mentioned  in  the  preceding  article  of  ^ 

fulphat  to  fine  powder  and  boil  it  for  a quarter  Barytes.  Dr.  Thomfon,P  on  repeating  I\Ir.  C’s 
or  half  an  hour,  with  twice  its  weight  of  dry  experiment  obtained  widely  dift'ering  refults, 
carbonat  of  potafti  or  foda  diflblved  in  water,  being  56  of  acid  and  42  of  lime,  whereas, 
and  a compleat  decompofition  will  be  effedled,  Mr  C.  obtained  43  of  acid  and  57  of  lime, 
the  liquor  will  contain  fulphat  of  potafti  or  As  Dr.  Thomfon’s  experiment  much  more 
foda,  and  at  the  bottom  will  be  tlie  lime  of  clofely  coincides  with  thofe  of  Kirwan,  Klap- 
the  felenite,  fully  carbonated,  from  which  the  roth,  Bergman,  and  Wenzel,  we  cannot  help 
•pure  lime  may  be  procured  by  compleat  cal-  confidering  it  as  more  correct,  or  at  Ic.ift  as  more 
cination  in  a platina  crucible,  or  the  proportion  appi'oaching  to  the  point  of  mutual  faturation 
of  lime  may  be  eftimated  from  the  known  of  the  acid  and  bafe.  From  all  that  has  been 
•conftituent  parts  of  the  artificial  carbonat,  done,  however,  it  is  clear  that  when  this  ful- 
which,  when  dried  and  ignited,  contains  55  per  phat  occurs  in  chemical  analyfis  it  is  not  fafe  to 
cent,  of  lime.  eftimate  its  compofition  from  any  affumed  pro- 

Sulphat  of  lime  when  expofed  to  a very  in-  portions,  but  it  Ihould  bo  decompofed  bv  boil- 
tenfe  heat  melts  into  an  opake  white  vitreous  ing  with  an  alkali  in  the  way  already  menti- 
Kiafs.  When  heated  with  charcoal.  It  is  par-  oned,  by  which  the  quantity  of  lime  may  be 

* Oa  Mineral  Acids.  f Syllem  ol  Chennftry,  vol.  ii.  p.  .ir  e. 
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ascertained;  and  rf  that  of  the  fulphuric  acid 
be  wanted,  it  muft  be  obtained  by  converting 
it  to  a fulphat  of  barytes,  having  previoufly 
laturated  the  excefs  of  alkali  by  muriatic  acid. 

There  dees  not  appear  to  be  any  proper 
fupcrfulphat  of  lime,  an  excefs  of  acid  only  ren- 
dering the  fulphat  more  Soluble,  and  it  cryftal- 
lizes  from  its  acid  folution  in  its  common  neu- 
tral ftate. 

SuLPHAT  OF  StRGNTIAN. 

This  fait  has  been  found  native  In  England, 
near  Briftol ; in  Pennfylvania  ; and  more  lately 
near  Paris.  It  has  already  been  defcribed  under 
the  article  Cctlejiine. 

Sulphat  of  ftrontlan  is  a fait  without  tafte 
and  fmell.  It  is  nearly  infoluble  in  water,  but 
not  absolutely  fo,  for  Klaproth  found  that  a 
pound  of  water  boiled  on  a quantity  of  this  ful- 
phat dilTolved  about  3 grains.  It  is  not  de- 
compofed  by  any  fmgle  acid;  but  barytes,  alone 
or  in  combination,  takes  from  it  its  acid,  vdth 
which  barytes  has  the  greater  affinity.  Sulphat 
of  ftrontian  is  alfo  decompofed  by  the  carbon- 
ated fixed  alkalies,  and  with  much  more  eafe  in 
the  moift  way  than  the  fulphat  of  barytes. 
Sulphat  of  llrontian,  like  the  barytic  fulphat, 
is  readily  Soluble  in  fulphuric  acid,  and  preci- 
pitable  thence  by  dilution  with  water.  This 
fait  is  decompofed  by  fufion  with  charcoal  into 
a fulphuret. 

The  analyfis  of  the  native  fulphat  has  been 
undertaken  by  Klaproth, by  Vauquelin,'"  and 
by  Mr.  Clayfield  the  discoverer  of  it  in  this 
country,*  and  the  refults  of  thefe  chemifts 
have  a very  clofe  agreement. 

The  method  to  be  followed  in  thefe  analyfes 
is  very  Simple.  Reduce  a given  quantity  of  it 
to  fine  powder,  digefl  it  in  a warm  tempera- 
ture with  a few  ounces  of  dilute  muriatic  acid, 
which  will  feparate  any  iron,  lime,  or  fulphat 
of  lime  which  it  may  contain,  but  will  not 
touch  the  fulphat  of  ftrontian;  then  boil  the 
infoluble  refid ue  far  an  hour  with  thrice  Its 
weight  of  very  pure  carbonat  of  potafh  dif- 
folved  in  water,  which  will  eifedl:  a compleat 
decompofition,  the  fulphuric  acid  of  the  fait 
will  remain  in  folution  with  the  potafh,  and  a 
bulky  white  powder  will  fubfide  which  is  car- 
bonat of  ftrontian.  The  quantity  of  fulphuric 
acid  is  to  be  afcertained  by  firft  fuper-faturating 
the  folution  with  muriatic  acid,  and  then  add- 
ing muriat  or  acetite  of  barytes  as  long  as  any 
precipitate  falls  down,  v/hich  is  barytic  fulphat, 
and  fliould  be  wafhed,  dried,  ignited,  and 


weighed.  Tire  carbonat  of  ftrontian  remaining 
may  be  immediately  waflied,  dried,  and  ignited, 
and  from  its  weight  that  of  the  ftrontian  may  be 
inferred  ; but  to  be  certain  that  all  the  fulphat 
of  ftrontian  has  been  decompofed,  it  will  be 
better  to  rediflblve  the  carbonat  in  dilute  nitric 
or  muriatic  acid  (by  which  any  undecompofed 
fulphat  will  be  left  behind)  and  precipitate  it 
by  carbonated  ammonia  at  a boiling  heat,  af- 
ter which  the  carbonated  earth  may  be  dried. 
If  any  admixture  of  fulphated  barytes  is  fuf- 
pedfed,  which  Is  Seldom  the  cafe,  proceed  as 
above,  but  inftead  of  finally  decompofing  the 
muriatic  folution  of  the  earth  by  carbonated 
ammonia,  evaporate  it  to  the  cryftallizing 
point,  when,  after  ftanding  for  a time,  the 
muriat  of  barytes  wdll  appear  in  its  proper  form 
of  white  opake  tabular  cryftals,  whereas  the 
muriat  of  frontian  feparates  in  needled  cryftals, 
which  latter  may  be  further  diftinguifhed  by 
giving  a red  colour  to  the  flame  of  alcohol. 

With  regard  to  the  refults  of  the  dificrent 
analyfes,  Klaproth  found  that  100  grs.  of  the 
fulphat  decompofed  in  the  manner  above-men- 
tioned, produced  124  grs.  of  ignited  fulphat  of 
barytes,  and  82  grs.  of  carbonated  ftrontian. 
The  fulphuric  acid  of  the  former  he  reckons  a$ 
a third  of  the  weight,  or  about  42  grs. ; and 
the  pure  ftrontian  of  the  latter  at  58  grs.  hav- 
ing found  by  former  experiments  that  100  grs. 
of  ignited  carbonat  of  ftrontian  loft  30  grs.  of 
carbonic  acid  by  eftervefcence,  and  that  the 
remaining  70  per  cent,  were  (to  a trifling  refi- 
due)  pure  ftrontian. 

A hundred  parts  of  pure  fulphat  of  ftrontian 
therefore  will  contain  according  to  this  eminent 
chemift,  nearly, 

Real  fulphuric  acid  — - 42  grs. 

Strontian  — — — 58 

100. 


The  analyfis  of  Vauquelln  is  fo  far  Imperfecfl 
that  it  only  goes  to  ascertain  the  quantity  of 
ftrontian  in  the  fulphat.  By  his  experiments 
j 67  parts  of  the  fulphat  gave  1 29  parts  of  the 
carbonat,  which  (following  Klaproth’s  propor- 
tions) would  give  54  of  llrontian  in  1 00  of  the 
fulphat. 

Laftly,  Mr.  Clayfield,  whofe  analyfis  feems 
condudled  with  care  and  Ikill,  and  who  afcer- 
tained both  the  quantity  of  earth  and  of  acid, 
gives  the  compofition  of  this  fulphat  almoft 
exactly  the  fame  as  that  of  Klaproth.  He  alfo 
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aflerts  that  the  artificial  fulphat  contains  2 per 
cent,  more  acid  than  the  natural. 

SuLPHAT  OF  Magnesia.  Epfom  Salt.  Bitter 
Purging  Salt. 

This  ufeful  fait  is  occafionally  found  native, 
but  by  far  the  greater  part  is  artificially  pre- 
pared. 

The  native  fait  when  folid  is  met  with  al- 
raoft  invariably  in  the  form  of  fine  capillary 
cryftals,  on  the  furface  of  decompofing  fchiftus, 
often  in  coal-pits,  and  not  unfrequently  efflo- 
refcing  on  the  furface  of  the  foil.  A very  pure 
fulphat  of  this  kind  is  defcribed  under  the  arti- 
cle Bitter  Salt  (which  fee)  and  was  found 
in  the  mercury  mines  of  Idria  where  it  is 
known  under  the  name  of  Haarfalx,  and  was 
miftaken  for  plumofe  alum  till  Klaproth  de- 
teffed  its  real  nature. 

Fontana  mentions'  a large  quantity  of  this 
fait  found  in  the  quarries  of  gypfum  in  Pied- 
mont efHorefcing  on  the  furface  of  the  gypfum 
(particularly  in  thofe  that  are  the  moll  expofed  to 
the  fun,)  which  is  brufhed  off  from  time  to 
time,  and  when  diflblved  in  water  and  cryftal- 
lized  is  fold  by  the  peafants. 

Prouft“  alfo  relates  that  this  fait  abounds  fo 
much  in  many  parts  of  Spain,  that  in  Andalufia 
large  tradfs  are  covered  with  an  efflorefcence  of 
it  after  floods ; and  in  moft  of  the  houfes  of 
Madrid,  the  foundation  and  lower  walls  are 
covered  with  this  fait,  which  arifes  from  the  de- 
compofition  of  the  mortar,  to  the  great  detri- 
ment of  the  buildings. 

It  is  not  unfrequent  to  meet  with  the  fame 
fait  in  this  country,  forming  a fine  hair-like 
faline  covering  to  the  walls  of  damp  cellars, 
or  new  buildings.  An  efflorefcence  of  this 
kind  is  noticed  by  Dr.  Boftock’  on  the  walls 
of  a new  houfe  near  Liverpool,  which  was 
very  pure  fulphat  of  magnefia;  and  a fimilar 
produdfion  of  this  fait  is  mentioned  by  Mr. 
Gregor,"  on  the  furface  of  a wooden  frame 
ufed  to  lift  coal-alhes,  which  latter  on  analyfis 
were  found  to  contain  gypfum  along  with  ful- 
phat of  magnefia.  In  many  of  thele  inftances 
the  fulphat  of  magnefia  appears  to  arife  from 
a decompofition  of  fulphat  of  lime  by  magnefia, 
but  the  precife  mode  in  which  this  apparent 
contradiction  to  the  known  order  of  affinities 
is  brought  about,  is  not  very  apparent.  In 
other  cafes  the  pyrites  commonly  contained 
in  coal  appears  a principal  agent  in  the  pro- 
dudtion  of  this  fait,  for  Mr.  Gregor  obtained 
it  in  abundance  by  calcining  for  an  hour  a 


mixture  of  about  tw'o  parts  of  pyrites  with 
one  of  fteatite,  arid  after  long  expofure  to  air, 
lixiviating  the  calcined  mafs. 

It  is  probable  that  many  of  the  natural  faline 
efflorefcences  which  have  been  fuppofed  to  be 
native  faltpetre,  may  contain  fulphat  of  mag- 
nefia. 

Another  fource  of  this  fait  is  in  certain  faline 
fprings,  and  it  is  from  thefe  that  our  firft 
knowledge  of  it  originated. 

It  was  firll  difeovered  at  Epfom  in  Surrey, 
by  Dr.  Grew,  in  the  year  1675,  in  a mineral 
water,  to  w’hich  it  gave  confiderable  celebrity, 
and  the  fait  itfelf  was  extradfed  by  boiling,  aiid 
was  fold  at  a high  price  as  Epfom  fait.  The 
fame  fait  was  fometime  afterwards  found  In  au 
well  at  Shooter’s  Hill  in  Kent,  in  the  year  1700, 
which  was  alfo  extradfed  by  boiling  down,  and 
was  fold  as  Epfom  Salt. 

A few  years  afterwards  it  was  found  by  fome 
chemifts  that  the  fame  fait  could  be  prepared 
from  the  bittern  or  mother  water  of  fea-water, 
after  all  the  muriat  of  foda  had  been  extradted  in 
the  ufual  method,  and  which  ufed  to  be  thrown 
away.  This  procefs  was  long  kept  as  a lucra- 
tive fecret  in  the  hands  of  a few  falt-makers, 
and  the  fulphat  of  magnefia  made  at  the  brine 
works  at  Portfmouth  and  Lymington  being 
afforded  much  cheaper  than  could  be  done  by 
the  evaporation  of  the  mineral  waters  of  Epfom 
or  Shooter’s  Hill,  the  latter  gradually  fell  into 
difufe,  and  for  many  years  almolT:  all  the  vitriol- 
ated  magnefia  ufed  in  this  country  has  been 
prepared  at  the  fait  works  at  Lymington. 

This  fait  was  long  confidered  as  peculiar  to 
this  country,  and  large  quantities  were  ex- 
ported into  other  parts  of  Europe,  and  fold 
under  the  name  of  Englijh  or  Epfom  Salt.  It 
was  afterwards  difeovered  in  the  mineral  water 
of  Seydfehutz  or  Sedlitz  in  Bohemia,  whence  it 
alfo  obtained  the  name  of  this  water,  the  cele- 
brated Hoffman  having  ffiewn  its  identity  with 
the  true  Epfom  fait.  Sulphat  of  magnefia  was 
long  confounded  with  fulphat  of  foda,  and 
though  fufficient  marks  of  dillin^Hon  were 
given  by  many  pradlical  chemifts,  the  true 
nature  of  the  Epfom  fait  was  not  fully  under- 
ftood  till  Dr.  Black,  in  1755,  ffiewed,  in  the 
moft  convincing  manner,  that  it  confifted  of 
magnefia,  combined  with  the  vitriolic  acid,  and 
obtained  the  magnefia  from  it  by  means  of  an 
alkali. 

This  confufion  of  the  two  falts  was  further 
promoted  by  a fraud  commonly  pradtifed  cn  the 
Continent  (where  the  Englifti  or  Epfem  fait  was 
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fold  at  a high  price)  of  fubfiltutlng  for  it  Glau- 
ber’s fait,  made  by  llirring  a warm  faturated  fo- 
lution  of  it  till  nearly  cold,  whereby  it  fepavated 
in  fmall  needled  cryflrals,  very  clofely  refembling 
file  form  of  the  true  Enfom  fait.  On  the  other 
hand,  when  Glauber's  fait  vras  the  nroft  in  re- 
queft  in  this  country,  the  Epfom  fait  makers 
ufed  to  obtain  the  latter  fa  t in  large  cryftals 
imitating  the  fulphat  of  loda,  by  adding  an  ex- 
cefs  of  fulphiiric  acid,  and  probably  by  a flower 
evaporation.  Both  thefe  falts  were  occalionally 
called  in  medicine  Sal  Mirabile-,  and  as  the 
medicinal  efteft  was  the  fame,  this  alfo  further 
contributed  to  keep  up  the  mifl.ike.  The 
diftinftion  betv/een  th.e  two  is  non  known  to 
be  perfectly  limple,  tor  the  addition  of  any 
carbonated  fixed  alkali  will  imm  tliately  render 
a folution  of  fulphat  of  magnefia  turbid,  but 
will  not  alter  the  tranfparency  of  fulphat  of 
foda.  The  folution  fiiould  be  fomewhat  di- 
luted. 

The  method  of  preparing  fulphat  of  magnefia, 
from  the  bittern  of  fea-water,  has  been  variouily 
flated.  It  is  ftrongly  affirmed  by  fome,  that  no 
addition  is  made  to  it,  but  that  the  whole  pro- 
cefs  is  merely  that  of  evaporating  the  liquor  to 
a very  higli  point  of  concentration,  and  on 
cooling,  the  fulphat  cryftallizes,  which  is  puri- 
fied by  a fecond  folution  and  cryftallization. 
On  the  other  hand  it  i=  ftated,  (and,  we  muft 
acknowledge,  with  much  more  probability)  that 
fulphat  of  iron,  or  the  mother  water  of  vitriol, 
or  fulphuric  acid,  in  fome  form  or  other,  is 
added  to  the  bittern.  If  Bergman’s  analyfis  of 
fea-water  is  corredl,  this  addition  is  neceflary  ; 
for,  according  to  this  eminent  chemift,  fea- 
v/ater  contains,  in  the  Engiiflr  wine  pint,  186.5 
grains  of  muriat  of  foda,  51  grs.  of  muriated 
magnefia,  and  6 grs  of  fulphat  of  lime.  There- 
fore, as  during  the  evaporation  only  muriat  of 
foda,  with  part  of  the  fulphat  of  lime,  are  fe- 
parated,  the  bittern,  or  refidue  after  the  fait 
has  been  chiefly  extracted,  mult  contain  a large 
quantity  of  muriat  of  magnefia,  fome  common 
fait,  and  only  a very  fmall  portion  of  fulphat  of 
lime  ; and,  confequently,  an  addition  of  ful- 
phuric acid,  in  fome  form  or  other,  is  required 
to  decompofe  the  magnefian  muriat. 

Sulphat  of  magnefia  has  a fait  and  bitter 
taftp,  followed,  when  taken  in  quantity,  with  a 
nightly  Iweetiffi  flavour.  The  regular  form  of 
this  fait  is  a four-fided  prifm,  terminated  by 
four-fided  pyramids ; but  it  is  only  obtained 
regular  by  the  flow  and  infenfibie  evapora- 


tion of  a faturated  folution.  In  general  it  is  ia 
the  form  of  fmall  white  needled  erj  Hals,  pro- 
duced by  the  cooling  of  tire  hot  faturated  foiu- 
tion.  The  common  fulphat  is  confiderably  de- 
liquefcent,  but  this  is  probably  owing  to  the 
admixture  of  fome  muriat  of  magnefia  or  lime  ; 
for  the  large  regular  cryllals  of  this  fulphat  are 
permanent  in  the  air,  and  fomewhat  efilorefee 
when  the  atmclpliere  is  dry  and  warm. 

'rhis  lait  is  extremely  foluble  in  water.  The 
precife  degree  of  foiubility  in  fome  meafure 
depends  on  it,;  purity  : the  pure  fait  diflblves  in 
nearly  its  own  weight  of  cold  water,  and  by 
increafing  the  heat  much  more  is  taken  up. 
The  lalt,  when  heated  alone,  melts  in  its  own 
water  of  cryftallization,  of  w'hich  it  contains 
about  4-8  per  cent,*  after  which  it  becomes  a 
hard  opake  mafs,  which  will  bear  a very  ftrong 
heat  without  melting  or  parting  with  any  of 
its  acid  ; fo  that  it  is  again  equally  refoluble  in 
water.  In  a very  inteiife  heat,  or  before  the 
blow-pipe,  it  melts  into  an  opake  mafs. 

This  fait  is  not  decompofed  by  any  Angle 
acid.  When  the  fixed  alkalies  are  added  to  its 
folution,  the  magnefia  is  feparated  pure;  but 
with  the  carbonated  fixed  alkalies,  carbonat  of 
jnagrtefia  is  precipitated,  as  has  been  deferibed 
under  that  article. 

There  does  not  appear  to  be  any  proper  fuper- 
fulphat  of  magnefia,  though  the  very  large 
cryftals  of  this  fait  are  faid  to  be  made  by  flowly 
cryftallizing  the  folution  with  excefs  of  acid. 
If  lulphuric  acid  is  added  to  dry  fulphat  of  mag— 
nefia,  the  whole  of  the  excefs  of  acid  is  volati-i 
lized  at  a low  red  heat,  without  difficulty. 

The  aftion  of  ammonia  or  its  carbonat,  on 
this  lalt,  will  be  mentioned  in  the  next  article. 

Sulphat  of  magnefia,  when  well  cryftallized, 
is  ellimated  by  nergman  to  contain  ip.percent. 
of  magnefia,  33  of  real  fulphuric  acid,  and  48 
of  water.  Mr.  Kirwan  eftimates  that  100  parts- 
of  the  fait,  when  peifeftiy  dried  at  a ftrong 
heat,  contain  36.^8  of  magnefia,  and  63.32 
of  acid,  which  very  clofely  agrees  with  the 
eftimation  of  Bergman. 

Sulph.it  of  magnefia  is  frequently,  in  the 
courfe  of  chemical  analyfis,  mixed  with  fulphat 
of  lime,  and  often  with  fulphat  of  iron,  and 
the  feparation  of  thefe  falts  is  of  importance  in 
coming  at  accurate  refults.  Several  methods 
may  be  ufed.  The  following  will  feparate  the 
iron  : if  the  mixture  of  thefe  falts  be  in  folu- 
tion, and  any  cafual  excefs  of  acid  has  been 
faturated,  the  addition  of  fuccinat  of  ammonia 
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iv’ill  precipitate  the  iron,  and  leave  the  earthy 
falts  untouched  : or  elfe  the  mixed  falts  may  be 
dried  and  calcined  for  an  hour  in  a red  heat, 
by  which  the  acid  will  be  ex'peiled  from  the 
fulphat  of  iron,  and  the  fulphat  cf»  lime  alfo 
v'iil  be  rendered  fcarcely  foluble,  whiift  the 
afl'uficn  of  cold  water,  and  digeftion  for  fome 
houi's,  will  completely  diil'olve  out  the  fulphat 
of  magnefia.  If  only  the  latter  fait  and  fulphat 
of  iron  were  prcfent,  the  only  infoluble  refidue 
will  be  the  brown  colcothar,  or  oxyd  of  iron, 
belonging  to  the  fulphat,  and  from  which  the 
quantity  of  the  latter  may  be  eftimated. 

'i’he  vSuiphats  of  lime  and  of  magnefia  may  be 
feparated  in  two  methods.  If  the  magnefian 
fait  is  very  Imall  in  proportion  to  the  other,  the 
addition  of  petfecfly  caullic  ammonia  wall  fepa- 
rate  the  magnefia  (though  not  totally)  and  leave 
the  lime  untouched,  provided  the  mixture  be 
kept  for  fome  hours  in  a well  corked  bottle,  to 
exclude  the  carbonic  acid  of  the  atmofphere. 
But  as  it  is  more  commonly  required  to  feparate 
fulphat  of  lime  from  a larger  quantity  of  fulphat 
of  magnefia,  advantage  is  taken  of  the  very 
dilRcult  folubility  of  the  former  and  the  ready 
folubiiity  of  the  latter.  The  mixed  folutions 
therefore  are  to  be* concentrated  highly  by  eva- 
poration ; w'hen,  after  fome  hours  repoie,  moll 
of  the  fulphat  of  lime  will  feparate  alone,  and 
may  be  removed.  The  folution  may  then  be 
evaporated  to  drynefs  and  llrongly  calcined, 
and  then  pulverized  and  digefted  with  three  or 
four  times  its  weight  of  cold  or  lukewarm  water, 
by  which  the  whole  of  the  magnefian  fulphat 
will  be  diflblved,  and  what  little  fulphat  of 
lime  may  remain  after  the  firft  procefs,  will 
remain  untouched.  The  folution  may  then  be 
boiled  with  carbonat  of  potafh,  to  decompofe 
the  carbonat  of  magnefia,  and  the  latter,  when 
walhed,  dried,  and  ignited  in  a llrong  red 
heat  till  it  is  fully  calcined,  will  be  pure  mag- 
nefia. VVe  may  add,  that  w'hen  calcined  mag- 
nefia contains  any  lime,  it  m.ay  be  eafily  detected 
by  rubbing  a quantity*  of  it  with  fome  dillilled 
water,  putting  the  whole  in  a phial,  and  fliaking 
the  mixture  frequently  during  digeftion  for  a 
few  hours.  On  fubfidence,  the  clear  liquor 
will  be  a lime-iaater^  if  any  lime  be  contained  in 
the  magnefia,  as  may  be  difeovered  by  its  be- 
coming turbid  on  blowing  through  it  v/ith  the 
breath,  or  adding  a few  drops  of  a carbonated 
alkali ; but  if  the  magnefia  oe  pure,  the  water 
will  have  dilfolved  nothing. 

Sulphat  of  magnefia  is  largely  ufed  in  medi- 
cine, both  dire£tly  and  for  the  preparation  of 


Magnefta  and  its  Carhofuit,  the  methods  or  pro- 
curing which  have  been  deferibed  under  thefe 
articles. 

Ammoniaco-Magnesian  Sulphat. 

When  pure  ammonia  is  added  to  fulphat  of 
magnefia,  a great  part  of  the  earth  is  precipitaterl, 
but  the  reft  remains  in  folution,  and,  by  evapo- 
ration, a triple  fait,  compounded  of  fulphuric 
acid,  magnefia,  and  ammonia,  is  formed.  This 
fait  is  alfo  procured  more  fpeedily,  and  w'ith 
lei's  lofs,  by  adding  to  a folution  of  fulphat  of 
magnefia  one  of  fulphat  of  ammonia,  each  fome- 
what  concentrated.  An  abundant  depofition  of 
re  ular,  tranfparent,  fliining  cryftals  takes 
place  immediately,  which  are  the  triple  fait  in 
queftion.  fhe  form  of  this  fait  is  generally 
odtohedral  ^ : its  talle  is  fait  and  bitter.  When 
heated,  it  firft  melts  in  its  own  water  of  cryftal- 
lization,  alter  which  it  is  decoinpofed,  ammo- 
nia is  firft  given  out,  then  acidulous  fulphat 
of  ammonia  rifes,  and  limpie  fulphat  of  magnefia 
remains. 

This  triple  fait  is  much  lefs  foluble  in  water 
than  either  of  the  fulphats  of  which  it  is  formed, 
as  is  obvious  by  its  precipitating  on  the  addition 
of  the  two  folutions.  It  is  compofed,  according 
to  Eourcroy,  of  68  per  cent,  of  fulphat  of  mag- 
nefia, and  32  of  fulphat  of  ammonia. 

Sulphat  of-  Alumine. 

The  fimpie  combination  of  fulphuric  acid  and 
alumine,  was  often  produced  in  the  refearches 
of  the  various  eminent  chemifts  who  have  turned 
their  attention  to  the  analyfis  and  manufadlure 
of  alum  ; but  a more  accurate  knov.  ledge  of  it 
is  due  to  Vauquelin.  Under  the  article 
we  have  fully  detailed  the  many  interePdng  ex- 
periments that  have  been  made  on  this  valuable 
fait,  and  given  the  proofs  of  the  neceffity  of  pot- 
aflr  and  ammonia  to  its  compofition. 

Sulphat  of  alumine,  therefore,  differs  from 
alum  in  not  containing  any  alkali,  and  on  this 
account  it  is  fcarcely  cryftallizable. 

Sulphat  of  alumine  is  made  by  diffolving  pure 
alumine  in  equally  pure  fulphuric  acid,  at  a 
boiling  heat,  evaporating  the  folution  to  com- 
pleat  drynefs,  and  then  re-diffolving  the  refidue 
in  water.  In  this  ftate,  if  the  previous  deficca- 
tion  has-been  compleat,  an  aftringent  folution 
is  obtained,  which  is  not  fenfibly  acidulous,  and 
by  hafty  evaporation  only  gives  a faline  magm'a  j 
but  when  evaporated  llowly,  and  .with  great 
care,  it  may  be  made  to  appear  in  the  form  of 
foft,  flexible,  flrining  cryftailine  plates.  But  if 
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a few  drops  of  potafh,  or  any  fait  of  potafli,  be 
added  to  the  folution,  the  alkali  unites  to  the 
fulphat  of  alumine,  and  almoft  immediately  a 
quantity  of  (comparatively)  large  hard  o£l;ohedral 
cryftals  of  alum  are  depofited.  The  proportion 
■of  potafli  neceflary  to  produce  a fenfible  quanti- 
ty of  alum  is  fo  fmall,  that  all  the  common 
Xulphuric  acid  of  the  fliops  tvill  give  it;  and 
hence  the  pure  fulphat  of  alumine  muft  be 
made  with  retlifled  fulphuric  acid,  and  very 
pure  alumine. 

Sulphat  of  alumine  is  infufible  in  any  heat, 
but  when  ftrongiy  urged  in  the  fire,  it  parts 
with  its  acid  altogether. 

An  Acidulous^  or  Super-fulphat  of  Alumine,  is 
formed  by  diflblving  the  latter  fait  in  fulphuric 
acid.  It  is  then  cryftallizable  with  llill  more 
difficulty,  and  the  fait  is  fenfibly  acid  and 
auftere  to  the  tafte.  It  depofits  cryftals  of  alum 
flill  more  readily  on  adding  potafli  than  the 
neutral  fulphat  does,  as  alum  is  naturally  a fait 
with  exccfs  of  acid. 

The  fuper-fulphat  of  alumine  maybe  reduced 
to  the  neutral  fulphat  by  long  boiling  with 
alumine,  but  with  difficulty.  Neither  of  thefe 
lalts  is  ufcd. 

SULPHURIZED  MURIATIC  ACID. 

Sulphur,  when  expofed  to  the  long-con- 
tinued a£iion  of  oxymuriatic  acid,  is  converted 
into  fulphuric  acid,  as  we  have  already  men- 
tioned ; but  when  the  oxygenation  of  the  fulphur 
is  not  compleated,  the  refult  is  a Angular 
compound,  the  properties  of  which  have  hitherto 
been  only  examined  by  Dr.  Thomfon.*  It  is 
thus  prepared : charge  a retort  with  common 
fait  and  oxyd  of  manganefe ; annex  to  it  a 
Woulfe’s  apparatus,  with  two  or  three  bottles; 
put  feme  dry  flowers  of  fulphur  into  the  firft 
bottle,  and  into  the  next  fome  carbonated  pot- 
afh,  to  abforb  the  fuperfluous  acid:  then  pour 
into  the  retort  fome  concentrated  fulphuric  acid, 
and  oxymuriatic  acid  g.as  will  be  immediately 
liberate.  After  the  fulphur  has  been  for  fome 
time  in  contaft  with  this  gas,  it  will  become 
moift;  and  doughy,  its  colour  will  change  to 
orange,  by  degrees  it  will  become  more  and 
more  foft,  and  at  length  will  be  refolved  into 
a red  fluid  ; as  foon  as  this  is  effedied,  the  pro- 
cefs  muft;  be  flopped,. 

The  liquid  thus  obtained  is  perfedlly  clear, 
of  a colour  between  fcarlet  and  crimfon,  by  re- 
fledied,  and  green  by  tranfmitted  light ; its 
fpecific  gravity  isr:r;i.62,  and  its  weight  is 
more  than  twice  that  of  the  fulphur  employed. 

• Kich.  Journ,  8' 
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When  firfl  expofed  to  the  air  it  fmokes  like  the 
diflilled  muriat  of  tin,  but  after  a time  its  fumes 
are  not  more  copious  than  thofe  from  ftrong 
muriatic  acid.  It  is  very  volatile  at  a moderate 
temperature.  Its  odour  refembles  that  of  fea- 
weed,  but  is  much  ftronger,  and  it  afledls  the 
eyes  in  the  fame  manner  as  wood  fmoke  does. 
Its  tafle  is  acid,  hot  and  bitter.  It  change* 
paper  flained  with  vegetable  blues  to  red,  but 
not  very  rapidly,  unlefs  water  is  added. 

If  a drop  of  fulphurized  muriatic  acid  be  let 
fall  into  a glafs  of  water,  the  furface  is  imme- 
diately covered  with  a thin  film  of  fulphur,  and 
a greeniffi  red  globule  falls  to  the  bottom,  which 
remains  for  fome  time  like  a drop  of  oil,  but  is 
at  length  converted  into  acid  flakes,  of  a yellow 
colour,  which  are  very  dudlile,  even  after  long 
expofure  to  the  air.  A fimilar  yellow  matter  is 
precipitated  from  the  fulphurized  muriatic  acid, 
on  the  addition  of  a weak  folution  of  potafli : 
this  matter  is  hot  to  the  tafte,  and  adheres  to 
the  finger  like  thick  oil  paint.  By  digeftion  in 
hot  water  it  is  converted  into  common  fulphur, 
and  the  water  becomes  acidulous  from  the  pre- 
fence of  muriatic  and  fulphuric  acids.  Solid 
muriat  of  barytes,  whether  cryftallized  or  in 
fine  powder,  affords  no  precipitate  with  the 
entire  fulphurized  acid,  whence  it  appears  that 
it  contains  no  fulphuric  acid  ; but  this  latter 
makes  its  appearance  whenever  water  is  added : 
it  is  probable  therefore  that  the  whole  of  the 
fulphur,  when  combined  with  the  muriatic 
acid,  is  in  the  ftate  of  oxyd,  but  the  addition  of 
water  determines  the  whole  of  the  oxygen  to 
unite  with  part  of  the  fulphur,  converting  it 
into  fulphuric  acid,  while  the  remainder  of  the 
fulphur  is  deoxydated. 

If  this  fulphurized  acid  is  poured  into  warm 
nitric  acid,  a violent  effervefcence,  accompanied 
by  a kind  of  explofion,  takes  place  ; but  if  it  it 
dropped  very  flowly  into  cold  nitric  acid,  only  x 
moderate  effervefcence  takes  place.  Nitrous 
gas  and  oxymuriatic  acid  gas  are  evolved,  and 
the  fulphur  is  acidified. 

Sulphurized  muriatic  acid,  even  when  cold, 
diffolves  phofphorus  very  readily;  no  effer- 
vefcence happens,  and  the  folution  acquires  a 
bright  amber  colour.  If  this  folution  is  mixed 
with  cauftic  potaffi,  the  whole  mafs  become* 
beautifully  luminous,  and  fylphur  in  combina- 
tion with  phofphorus  is  precipitated. 

When  mixed  with  alcohol,  a violent  effer- 
vefcence enfues,  and  ether  is  difengaged. 

Nitric  acid  decompofes  this  fulphurized  acid, 
without  occafioning  any  precipitate.  Sulphur- 

9.  voL  vi.  p.  104. 
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•us  acid  appears  incapable  of  decompofing  it, 
but  all  the  other  acids  throw  down  from  it  a 
quantity  of  fulphur.  The  fixed  alkalies,  when 
dry,  produce  with  it  a violent  elFervefcence,  and 
a confiderable  degree  of  heat.  If  ammoniacal 
gas  is  thrown  into  it,  the  velTel  is  foon  filled 
with  a purple  vapour,  and  the  liquor  becomes 
folid,  and  of  a deep  red  colour;  but  when 
mixed  with  water  it  fpecdily  diflblves,  and  ful- 
phur is  precipitated.  This  fingular  fubftance 
has  not  yet  been  very  exadbly  analyzed ; indeed 
it  appears  to  be  by  no  means  uniform  in  its 
compofition : in  one  fpecimen  Dr.  Thomfon 
found  the  relative  proportions  of  muriatic  acid 
and  oxyd  of  fulphur  to  be  as  44.  of  the  latter  to 
35.  of  the  former.  In  another  fpecimen  the 
proportions  were  47.1  muriatic  acid,  35,2 
oxyd  of  fulphur,  and  4.  fulphuric  acid.  The 
©xyd  of  fulphur  appears  to  be  compofed  of 
93. 8 fulphur,  and  6.2  oxygen. 

SULPHUROUS  ACID.  Adde  Sulfureux, 
Fr.  Sch'wefeligte  Saure,  Germ. 

The  fufFocating  vapour  drat  rifes  during  the 
combuftion  of  fulphur,  is  fulphurous  acid, 
and  although  fome  of  its  mod  obvious  proper- 
ties mult  have  been  known  from  time  immemo- 
rial, yet  the  firft  chemift  who  appears  to  have 
examined  it  with  any  attention  was  Stahl.  This 
eminent  philofopher  named  it  phlogijiicated  vitri- 
elic  add,  becaufe  he  confidered  it  as  differing 
from  common  vitriolic  acid  only  in  containing 
a larger  proportion  of  phlogifton  or  the  princi- 
ple of  inflammability  : he  alfo  fliewed  that  it 
might  be  combined  with  potafh,  by  dipping  a 
cloth  in  a foiution  of  this  alkali,  and  expofing 
it,  while  yet  moift,  to  the  vapour  of  burning 
fulphur.  Scheele  made  fome  additions  to  our 
knowledge  of  this  fubftance,  which  was  ftill 
further  extended  by  the  important  difcoveries 
of  Dr.  Prieftley.  Next,  Berthollet  inveftigated 
the  properties  of  this  acid  and  its  falts,  with  his 
accuftomed  fagacity.  The  accuracy  of  Vauque- 
lin,  in  conjun£lion  with  Fourcroy,  enlarged 
ftill  further  our  acquaintance  with  this  fub- 
ftance ; and,  finally,  we  are  indebted  to  Dr. 
Thomfon,  for  the  beft  analyfis  of  it  that  has  yet 
been  publifhed,  and  for  the  difcovery  of  fome 
interefting  facfts,  which  had  been  overlooked  or 
obfcurely  dated  by  preceding  inquirers. 

There  are  two  ways  of  procuring  fulphurous 
acid  ; namely^  by  the  combuftion  of  fulphur,  or 
by  the  partial  decompofition  of  fulphuric  acid. 
The  firft  of  thefe  methods,  although  apparently 
very  fimple,  is  in  fa£l  the  moft  troublefome ; 
for  if  the  combuftion  is  performed  by-  atmof- 
pherie  air,  the  newly-formed  acid  mixes  with 


the  residual  azotic  gas;  from  which  It  is  incapa- 
ble of  being  dire<flly  feparated.  If,  on  the  other 
hand,  oxygen  gas  is  made  ufe  of,  not  only  ful- 
phurous but  fulphuric  acid  is  produced,  and 
part  of  the  oxygen  remains  mixed  with  the  ful- 
phurous acid  gas.  Hence  it  is  that,  for  chemi- 
cal experiment,  this  acid  has  always  been  pro- 
cured by  the  decompofition  of  fulphuric  acid. 

Various  fubftances  have  been  employed  for 
this  purpofe,  fuch  as  woed,  charcoal,  oil,  alco- 
hol, and  other  vegetable  fubftances  and  pro- 
ducts : all  fhefe,  however,  are  more  or  lef* 
objectionable,  as  both  carbonic  add  and  gaffe- 
ous  oxyd  of  carbon  are  given  out  together  with 
the  fulphurous  acid.  Sulphur  itfelf  has  been 
made  ufe  of,  and  the  only  objection  is  the  flow- 
nefs  with  which  the  acid  is  thus  producedl 
Dr.  Prieftley  firft  employed  the  metals,  inftead 
of  the  more  compound  combuftibles.  He  found' 
that  iron  and  zinc,  being  metals  fo  greedy  of 
oxygen  as  to  decompofe  water,  were  by  no 
means  fo  proper  for  this  purpofe  as  copper, 
filver,  or  mercury ; fmee  in  the  former  cafe  the 
acid  was  mixed  more  or  lefs  with  hydrogen, 
proceeding,  no  doubt,  from  the  decompofition 
of  the  water  which  common  fulphuric  acid 
contains. 

Sulphurous  acid  gas  is  thus  prepared  : pour 
into  a narrow  necked  glafs  retort  two  parts,  by 
weight,  of  concentrated  fulphuric  acid,  and  one 
of  mercury ; dip  the  beak  of  the  retort  under 
mercury,  and  then  apply  a lamp  or  a pan  of 
charcoal:  when  the  acid  gets  warm,,  it  will 
begin  to  a£I  on  the  mercury,  and  bubbles  of 
gas  will  be  difengaged  : as  foon  as  the  common 
air  of  the  veffel  is  driven  out,  and  is  fucceeded- 
by  bubbles  of  white  fuffocating  vapour,  an  in- 
verted jar,  filled  with  mercury,  may  be  placed 
over  the  beak  of  the  retort,  and  will  thus  be 
fpeedily  filled  with  gas.  This  gas  is  fulphurous 
acid  in  its  pureft  ftate,  and  exhibits  the  follow- 
ing properties.  It  is  invifible,  colourlefs,  and 
elaftic,  like  common  air ; it  has  an  extremely 
pungent  fuffocating  odour,  and  is  incapable  of 
fupporting  either  combuftion  or  animal  life. 
Its  fpecific  gravity  is  about  0.0025,  or  fome- 
what  more  than  twice  as  great  as  that  of  at- 
mofpheric  air.  It  is  acerb  and  four  to  the  tafte, 
reddens  moft  blue  vegetable  juices,  and,  after 
a time,  deftroys  the  colour  of  many  of  them. 
It  does  not  appear  fufceptible  of  any  change  by 
mere  heat;  but,  according  to  an  experimentRy 
Monge  and  Clouet,  if  expofed  at  the  fame  timie 
to  great  preffure  and  a cold  equal  to  3i°Fahr.. 
it  lofes  its  elafticity,  and  affumes  a liquid  ftate. 
Water,  by  fimple  expofure  to  an  atmofphere  of 
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this  gas,  without  agitation  or  extraordinar^r 
preffur=,  abforbs,  according  to  Prieflley,*’ about 
4-;  times  its  bulk,  or  yVo  of  it'-'  weight;  and 
according  to  i homfon,  at  6i°  Fahr.  33  times 
its  bulk,  or  |■^•V  of  its  weight ; but  if  water  be 
faturated  with  this  gas,  by  means  of  a Woulfe’s 
apparatus,  the  bottles  of  which  are  furrounded 
with  ice,  it  will  be  found  to  have  taken  up,  ac- 
cording to  Vauquelin,*^  about  of  its  weight. 
The  fpecific  gravity  of  this  liquid  acid  is  ftated 
by  Berthoilet  at  1.04,  and  by  Vauquelin  at 
1 .02  ; by  Thomfon  at  i .05  at  68°. 

Oxygen  gas  appears  to  have  no  aftion  on  ful- 
phurous  acid  gas,  when  both  the  ingredients  are 
dry  ; but  if  to  a mixture  of  one  part  of  the  for- 
mer and  two  of  the  latter,  there  he  added  a very 
little  water,  a fudden  diminution  of  bulk  will 
.It  firft  take  place,  ov/ing  to  the  abforption  of 
part  of  the  acid  gas  by  the  water  ; after  which 
a further  gradual  abforption  happens,  in  confe- 
cjucnce  ot  an  adlual  combination  going  on  be- 
tween the  two  gaffes,  by  which  fulphuric  acid 
is  fornred  and  part  of  the  oxygen  gas  difappears. 
It  is  afferted  by  Fourcroy,  that  if  a mixture  of 
oxygen  and  fulphurous  acid  gaffes  are  paffed 
through  a red  hot  tube,  fulphuric  acid  is  formed 
by  their  combination  : in  this  cafe,  however,  it 
is  probable  that  the  gaffes  were  previoufly  fa- 
turated with  water;  for  it  is  perfedbly  well 
afeertained,  that  during  the  diftillation  at  a 
high  red  heat  of  calcined  fulphat  of  iron,  there 
comes  over,  befides  fulphuric  acid,  a mixture 
of  fulphurous  acid  and  oxygen  gas,  which  may 
be  readily  feparated  from  each  other  by  means 
of  a dilute  alkaline  folution,  which  detains  the 
former,  but  allows  the  latter  to  pafs  through 
unaltered. 

Oxymuriatic  acid  gas  is  readily  decompofed 
by  fulphurous  acid  ; the  veffel  becomes  filled 
with  white  vapours,  and  a-mixture  of  fulphuric 
and  muriatic  acids  is  the  refult. 

Hydrogen  gas  and  fulphurous  acid  exercife 
CO  adHon  on  each  other  at  the  common  tem- 
perature, but  if  a mixture  of  three  parts,  by 
bulk,  of  the  former,  and  one  of  the  latter,  are 
made  to  pafs  through  a red  hot  glafs  tube,  tlie 
fulphurous  acid  is  totally  decompofed,  and  the 
products  are  fulphur,  water,  and  fornetimes  a 
little  fulphuretted  hydrogen. 

Fhofphorus,  even  when  llronglv  heated  in  a 
gh'.fs  tube,  appears  to  have  no  adlion  on  ful- 
plutrous  acid  gas.  Phofphuretled  hydrogen,  on 
the  contrary,  even  at  the  common  temperature, 
readily  docompofes  this  acid  ; the  mixture  lofes 
of  chiftic  fluidity,  a white  vapour  makes 

* i-  ■.perjn-_.  mctiiojuirtvl,  vol.  iL  p.  311. 


its  appearance,  and  the  fides  of  the  veffel  are 
lined  with  a mixture  of  fulphur  and  phofphorus. 
Sulphuretted  hydrogen  has  a fimilar  effcdl  to 
phofphuretted  hydrogen,  and  fulphur  is  preci- 
pitated from  the  decompofition  both  of  the  acid 
and  of  the  inflammable  gas. 

Charcoal,  at  the  common  temperature,  im- 
bibes a confiderable  quantity  of  fulphurous  acid 
gas,  but  appears  to  produce  no  material  change 
upon  it : at  a red  heat,  however,  the  gas  is  de- 
compofed, fulphur  is  depofited,  and  fulphuretted 
hydrogen  is  produced  ; the  hydrogen,  doubtlefs, 
originating  from  the  water  either  of  the  acid  gas 
or  of  the  charcoal. 

With  camphor,  fulphurous  acid  combines 
readily,  and  the  refult  is  a liquid,  the  properties 
of  which  have  been  but  little  inveftigated  : this 
compound,  when  dropped  into  water,  depofits 
again  the  camphor,  which  appears  to  have  un- 
dergone fcarcely  any  alteration. 

Sulphuric  acid,  efpecially  at  a low  tempera- 
ture, abforbs  a large  proportion  of  fulphurous 
acid  gas : the  combination  foon  becomes  folid, 
and  in  this  ftate  it  has  but  little  odour ; but  if  a 
portion  be  laid  on  a piece  of  glafs  and  expofed 
to  the  air,  it  prefently  refolves  into  a liquid,  at 
the  fame  time  difengaging,  with  a very  vifible 
effervefcence,  the  greatefl;  part  of  the  folphur- 
ousgas.  Strong  and  colourlefs  nitric  acid,  by 
being  impregnated  with  fulphurous  acid  gas, 
acquires  a deep  orange  tinge,  and  nitrous  gas  is 
difengaged  ; the  fulphurous  being  at  the  fame 
time  converted  into  fulphuric  acid. 

Water,  when  faturated  with  fulphurous  gas, 
forms  the  liquid  fulphurous  acid  : it  is  belt  pre- 
pared in  a Woulfe’s  apparatus,  with  two  or 
more  bottles,  into  the  firfl;  of  which  ffiould  be 
put  a little  water,  to  take  up  the  fulphuric 
acid  with  which  the  gas  is  generally  more  or 
lefs  mixed,  w'hile  the  purified  fulphurous 
acid  is  abforbed  by  the  water  in  the  fecond 
and  fucceeding  bottles.  This  liquid  acid 
abforbs  oxygen  from  the  air,  and  is  gradually 
converted  into  fulphuric  acid.  But  if  a little  of 
it  is  confined  in  a glafs  tube,  hermetically  fealed 
and  expofed  to  the  common  heat  of  a fand  bath 
for  a few  weeks,  the  infide  of  the  tube  will  be 
obferved  to  be  lined  by  degrees  with  minute 
cryftals  ; after  a time  the  depofition  of  cryflals 
will  ceafe  ; if  then  the  end  of  the  tube  be 
broken  ofl'under  mercury,  this  latter  fluid  will 
rife  in  the  tube,  fhewing  that  a portion  of  the 
air  has  difappeared,  and  the  refidue,  on  exami- 
nation, wull  be  found  to  be  wholly  deprived  of 
oxygen  : the  liquid  which  was  pure  fulphurous 
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acid,  will  bo  converted,  for  the  moft  part,  into 
fulphuric,  and  the  cryftals  are  fulphur.'^  Hence 
it  appeals,  that  by  the  long  continuance  of  he^t, 
the  oxygen  of  the  liquid  fulphurous  acid  quits 
one  part  of  its  bafe  in  order  to  form  fulphuric 
acid  with  the  remainder. 

Sulphurous  acid  combines,  either  direffly  or 
by  compound  affinity,  with  the  different  falifi- 
able  biles,  forming  a genus  of  falts,  which 
have  obtained  the  name  of  Sulphites. 

For  an  account  of  fuch  of  the  metallic  ful- 
phites  as  are  known,  we  refer  the  reader  to 
the  refpedfive  metals  : there  are,  however,  two 
or  three  general  obfervations  on  the  fubjedf, 
for  which  the  chemical  w'orld  is  indebted  to 
Berthollet,  which  may  not  improperly  be  intro- 
duced here.  Thofe  metals  that  have  a ftrong 
affinity,  both  for  oxygen  and  fulphur,  fuch  as 
iron  and  tin,  if  digelled  with  liquid  fulphurous 
acid,  furniffi  themfelves  with  the  requifite  pro- 
portion of  oxygen,  by  decompofmg  not  the 
water  but  the  acid  ; hence  there  is  no  difen- 
gagement  of  hydrogen  gas,  but  one  portion  of 
the  metal  decompofes  part  of  the  acid,  and  after 
being  thus  oxydized,  combines  with  the  re- 
mainder of  the  acid  and  a little  fulphur,  while 
the  reft  of  the  fulphur  produced  by  the  decom- 
pofed  portion  of  acid,  combines  with  the  re- 
mainder of  the  metal : hence  there  is  produced 
both  a fulphite  and  fulphuret.  Zinc,  on  the 
contrary,  though  in  its  affinity  for  oxygen  it  is 
equal  to  iron,  yet  being  greatly  inferior  in  its 
attradfion  for  fulphur,  decompofes  the  water  of 
thb  fulphurous  acid  rather  than  the  acid  itfelf ; 
hence,  during  its  folution,  hydrogen  gas  is 
given  out,  and  there  is  no  appearance  of  any 
fulphur. 

Thofe  metals  whofe  affinity  for  oxygen  is 
but  weak,  as  lead,  mercury,  and  copper,  are 
not  adfed  on  by  fulphurous  acid. 

Some  remarkable  circumftances  alfo  occur, 
with  regard  to  the  a£Hon  of  metallic  oxyds  on 
this  acid : fome  oxyds  limply  combine  with  the 
acid  into  a fulphite ; others,  as  the  black  oxyd 
of  manganefe,  give  out  a portion  of  oxygen  to 
the  acid,  converting  it  totally,  or  in  part,  to 
fulphuric.  Hence  there  is  produced  a fulphat, 
either  mixed  or  not  with  a fulphite. 

The  only  truft-worthy  analyfis  of  this  acid 
which  has  yet  been  publiffied,  is  Dr.  Thom- 
fon’s from  which  it  appears  that  82  parts  of 
fulphuric  acid,  and  18  of  fulphur,  conftitute 
100  of  fulphurous  acid  ; according  to  which  (If 
the  analyfis  of  fulphuric  acid  by  Chenevix  be 
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aflumed  as  the  moft  authentic)  this  acid  con- 
lifts  of 

68  Sulphur 
32  Oxygen 


100. 


The  order  of  the  affinities  of  fulphurous  acid, 
as  far  as  it  has  been  afcertailied,  is  the  following: 
barytes,  lime,  potafti,  foda,  magnefia,  ammo- 
nia, and  alumine.  It  is  feparable  In  the  form 
of  gas  from  its  earthy  and  alkaline  bafes,  by 
the  fulphuric,  muriatic,  phofphoric,  and  tartaric 
acids. 

Sulphurous  acid,  or  to  fpeak  more  corre£Uy 
the  fumes  of  burning  fulphur,  is  employed  to 
difcharge  the  natural  yellow  tinge  from  white 
woollen  cloth,  and  to  reftore  filk  that  has  grown 
yellow  by  long  wearing,  to  its  original  white- 
nefs.  It  is  alfo  ufed  to  check  the  fermentation 
of  vinous  liquors. 

Sulphite  of  Potash.'' 

The  moft  convenient  method  of  preparing 
this  fait  Is  to  conneft  a retort,  charged  with 
fulphuric  acid  and  mercury,  with  a Woulfe’s 
apparatus  of  two  bottles,  the  former  of  them 
containing  a little  water,  and  the  latter  about 
two-thirds  filled  with  a folution  of  cryftallized 
carbonat  of  potalh,  in  thrice  its  weight  of 
water.  The  retort  being  heated,  fulphurous 
acid  gas  is  produced,  which  paffing  through 
the  water  in  the  firft  bottle,  is  thereby  purified 
from  any  contamination  of  fulphuric  acid,  and 
then  enters  the  alkaline  folution  in  the  next 
bottle,  by  which  it  is  rapidly  abforbed,  carbonic 
acid  gas  cfcaping  in  bubbles  at  the  fame  time. 
When  the  effervefcence  has  ceafed,  and  the 
fulphurous  acid  is  no  longer  taken  up  by  the 
liquor,  the  procefs  is  finifhed,  and  the  liquor, 
as  it  cools,  generally  depofits  cryftals,  if  the 
above  proportions  of  alkali  and  v,'ater  have 
been  obferved. 

Sulphite  of  potalh  thus  prepared.  Is  a tranf- 
parentfalt,  fometimes  colourlefs,  but  often  with 
a flight  yellowiffi  tinge.  It  cryftallizes  either 
in  the  form  of  lengthened  rhomboidal  plates  or 
divergent  needles.  To  the  tafte  It  is  pungent 
and  fulphurous ; its  fpecific  gravity  isiz=:  1.58  : 
it  is  readily  foluble  in  its  own  weight  of  water 
at  the  common  temperature,  and  in  a much 
fmaller  quantity  of  boiling  water.  If  this  folu- 
tion is  expofed  to  the  air,  it  becomes  covered 
in  a fhort  time  with  a cryftalline  pellicle ; when 
this  falls  to  the  bottom,  it  is  fucceeded  by 
* An  de  Chim.  vol.  sxiv.  p.  254.  Nich.  Journ.  vi.  p.  94. 
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anot^ier,  and  fo  on  till  the  whole  is  converted 
into  fulphat  of  potafli.  If  oxygen  gas  is  em- 
ployed in  the  above  experiment,  inftead  of  at- 
mofpheric  air,  the  oxygenation  of  the  fait  takes 
place  much  more  rapidly,  with  a very  evident 
abforption  of  the  gas.  By  expofure  to  a tem- 
perature of  about  300°  Fr.  fulphite  of  potafli 
lofes  about  two  per  cent,  which  appears  to  be 
water.  When  heated  in  a retort,  it  fir  11  decre- 
pitates, and  is  converted  into  an  opake  white 
powder,  and  on  an  increafe  of  temperature  lofes 
about  22  per  cent,  of  which  15  are  fulphurous 
acid  gas,  5 are  fulphur,  and  2 water  j the  fait 
that  remains  behind  is  fulphat  of  potafli,  with  a 
flight  excefs  of  alkali.  If,  inftead  of  being 
heated  in  a retort,  it  is  rapidly  ignited  in  a 
platina  crucible,  after  the  decrepitation  has 
ceafed,  a blue  flame  makes  its  appearance,  oc- 
cafioned  by  the  combuftion  of  the  fulphur,  after 
which  the  fait  is  found  to  have  loft  22  per  cent, 
as  before.  The  component  parts  of  this  fait, 
according  to  an  analyfis  by  Dr.  Thomfon,  are 
42.  c Sulphurous  acid 
54.5  Potafli 
2.0  Water 
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This,  as  well  as  the  other  fulphites,  is  moft 
conveniently  analyfed  in  the  following  manner : 
firft  allay  the  folution  with  fulphite  of  barytes, 
to  afcertain  whether  any  mixture  of  fulphat  is 
prefent,  and  having  thus  got  rid  of  the  fulphuric 
acid,  add  nitrat  of  lead  as  long  as  any  precipi- 
tate falls  down.  The  fulphite  of  lead  thus  ob- 
tained, confifts,  according  to  Dr.  Thomfon,  of 
23  per  cent,  fulphurous  acid,  and  75  yellow 
oxyd  of  lead. 

Nitric  acid  converts  this  fait  into  fulphat  of 
potafli ; oxymuriatic  acid  produces  a fimilar 
eflFefl:,  but  at  the  fame  time  drives  olF  a portion 
of  fulphurous  acid,  fo  that  the  refulting  fulphat 
is  mixed  with  a little  muriat. 

It  is  alfo  converted  into  fulphat  by  the  oxyds 
of  gold,  filver,  mercury,  the  red  oxyd  of  lead, 
and  the  black  oxyd  of  manganefe. 

It  is  decompofed,  by  compound  affinity,  by 
all  the  earthy  and  alkaline  fulphats,  except  ful- 
phat of  barytes ; by  the  nitrats,  with  the  excep- 
tion of  nitrat  of  ammonia  5 by  the  muriats,  with 
the  exception  of  muriat  of  alumine  •,  by  the 
phofphats  of  foda,  ammonia,  alumine,.  and 
glycine  5 by  the  fluats  of  foda,  ammonia,  bary- 
tes,. ftrontian,  and  magnefia ; by  carbonat  of 
foda  j and  by  all  metallic  falts  except  the  car- 
bonats.  It  has  not  been  applied  to  any  ufe. 


Sulphite  of  Soda. 

This  fait  is  prepared  from  carbonat  of  foda, 
in  the  fame  manner  as  fulphite  of  potafli  is  from 
carbonated  putafh.  It  forms  at  firft  a confuled- 
ly  cryftallized  mafs,  which  by  fubfequent 
folution  in  hot  water  affords,  on  cooling,  very 
regular  diftindf  cryftals,  in  the  form  of  com- 
prefl'ed  tetrahedral  prifms,  with  dihedral  fum- 
mits.  Its  fpecific  gravity  is  2.95.  To  the 
tafte  it  is  cooling  and  fulphurous.  It  is  foluble 
in  four  times  its  weight  of  water,  and  in  lefs 
tlian  its  own  weight  of  boiling  water.  It  efflo- 
refces  on  expofure  to  the  air,  and  becomes 
covered  with  a white  cruft,  but  does  not  fall 
into  powder  as  fulphat  of  foda  does  ; hence,  al- 
though it  is  foon  converted  fuperficially  into 
fulphat,  yet  the  interior  of  the  cryftal  remains 
for  fome  time  unaltered.  When  heated,  it 
firft  melts  in  its  water  of  cryftallization,  and  on 
increafing  the  temperature,  undergoes  changes 
precifely  analogous  to  thofe  already  defcribed  in 
the  preceding  article.  It  is  compofed,  accord- 
ing to  Dr.  Thomfon,  of 

31  Sulphurous  acid 
18  Soda 
51  Water 
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It  Is  decompofed  by  the  alkaline  and  earthy 
fulphats,  with  the  exception  of  the  fulphats  of 
barytes  and  foda  ; by  the  earthy  nitrats  ; by  the 
amnionlacal  and  earthy  muriats,  phofphats,  and 
fluats  j by  the  borat  and  carbonat  of  potafli  j 
and  by  moft  of  the  metallic  falts.  It  has  not 
yet  been  applied  to  any  ufe. 

Sulphite  of  Ammonia. 

This  fait  is  prepared  in  the  manner  defcribed 
under  fulphite  of  potafli,  by  faturating  a folu- 
tion of  cauftic  ammonia  with  galTeous  fulphur- 
ous acid.  It  cryftallizcs  either  in  hexahedral 
prifms,  terminated  by  hexahedral  pyramids,  or 
in  rhomboidal  prifms,  with  obfcure  trihedral 
fummits.  To  the  tafte  it  is  cooling  and  pun- 
gent, with  a fulphurous  flavour.  It  is  foluble 
in  its  own  weight  of  cold  water,  and  in  a fmaller 
proportion  of  boiling  water.  By  expofure  to 
the  air  it  attradfs  moifture,  and  Is  fpeedily  con- 
verted into  fulphat  of  ammonia  ; after  which  it 
becomes  dry  again.  When  heated,  it  flightly 
decrepitates,  gives  out  a little  water  and  ammo- 
nia, and  then  fublimes  in  the  ftate  of  acidulous 
fulphite.  In  its  general  properties  it  refemble* 
the  other  fulphites,  but  combines  witli  feveral 
of  the  falifiable  bafes  into  triple  falts. 
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It  is  decompofable  by  the  fulphats  of  magne- 
fia,  alumine,  and  zircon ; by  the  earthy  nitrats 
and  muriats;  by  the  acidulous  phoiphat  of  lime; 
and  the  phofphats  of  alumine,  glycine,  and 
zircon  ; by  the  fluats  of  barytes,  ftrontian,  and 
magnefia  ; the  borats  of  potafli,  foda,  barytes, 
ftrontian  and  magnefia ; and  the  carbonats  of 
potafli,  foda,  and  barytes.  It  is  not  made  any 
ufe  of. 

Sulphite  of  Barytes. 

This  fait  may  be  prepared,  in  the  manner 
already  mentioned,  with  either  pure  barytes  or 
the  carbonat  reduced  to  a fine  powder ; or  it 
may  be  obtained  by  compound  affinity  from 
a mixture  of  an  alkaline  fulphite  with  muriat  of 
barytes.  It  is  in  the  form  of  a white  powder, 
infoluble  in  water  and  taftelefs.  By  long  ex- 
pofure  to  the  air,  it  is  converted  into  fulphat  of 
barytes.  When  ftrongly  heated,  fulphur  is 
difengaged,  and  the  refidue  becomes  fulphat. 
But  this  fait,  though  infoluble  in  water,  may 
without  much  difficulty,  be  dilTolved  in  liquid 
fulphurous  acid,  and  by  flow  evaporation,  may 
be  obtained  in  needle-form  cryftals,  or  trun- 
cated tetrahedrons.  Thefe  cryftals  are  fome- 
times  tranfparent,  but  often  opake ; they  are 
hard  and  nearly  infipid,  but  at  length  leave  a 
fulphurous  flavour  on  the  palate ; they  are 
rather  fparingly  foluble  in  water  ; and  the  folu- 
tion  is  employed  with  advantage  to  purify  the 
fulphites  from  any  admixture  of  fulphat.  The 
cryftallized  fulphite  confifts,  according  toFour- 
croy,  of 

59.  Barytes 
39.  Sulphurous  acid 
2.  Water 
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It  is  decompofed  by  the  fulphats  ; by  the  al- 
kaline phofphats ; by  the  nitrat  and  muriat  of 
ftrontian,  and  by  the  alkaline  carbonats.  It  is 
not  made  any  other  ufe  of  than  that  already 
mentioned. 

Sulphite  of  Lime. 

This  fait  is  prepared  either  with  pure  or  car- 
bonated lime,  in  the  manner  above  defcribed. 
It  is  in  the  form  of  a white  powder,  but  by 
digeftion  in  liquid  fulphurous  acid,  it  diflblves, 
and  by  flow  cooling  cryftallizes  in  minute 
hexahedral  prifms,  with  hexahedral  fummits. 
To  the  tafte  it  is  after  fome  time  flightly  ful- 
phurous. It  is  foluble  in  800  parts  of  water. 
By  expofure  to  heat  the  cryftals  fall  into  pow- 
der, and  a little  water  comes  over;  at  a red 
heat,  a little  fulphur  is  difengaged,  and  the  re- 


fidue is  fulphat  of  lime.  By  long  expofure  to 
the  air,  it  becomes  fomewhat  efflorefcent,  and, 
after  a confiderable  time,  is  changed  into  ful- 
phat. Its  component  parts,  according  to  Dr. 
Thomfon,  are 

48.  Sulphurous  acid 
47.  Lime 
5.  Water 
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It  is  decompofed  by  the  alkaline  and  earthy 
phofphats  ; by  the  fluats  and  carbonats  of  ba- 
rytes, ftrontian,  and  the  alkalies ; and  by  moft 
of  the  metallic  falts.  It  is  made  no  ufe  of. 

Sulphite  of  Magnesia. 

This  fait  is  prepared  with  carbonated  mag- 
nefia difFufed  in  twice  its  weight  of  water,  in 
the  manner  already  defcribed.  It  is  in  the  form 
of  powder,  but  by  an  additional  portion  of 
fulphurous  acid  it  readily  diflblves,  and  by 
gradual  evaporation  it  is  depofited  in  the  form 
of  tranfparent  deprelfed  tetrahedral  pyramids. 
To  the  tafte  it  is  at  firft  fweetifti  and  earthy, 
and  afterwards  fulphurous.  When  expofed 
to  the  air  it  becomes  opake,  and  is  very  flowly 
converted  into  a fulphat.  It  is  foluble  in  20 
parts  of  w'ater  at  the  common  temperature ; 
boiling  water  takes  up  an  additional  portion, 
which  it  depofits  in  cryftals  on  cooling.  It  is 
very  readily  converted  into  fulphat  by  expofure 
to  the  air.  When  expofed  to  a dry  heat  it 
foftens  and  alTumes  the  confiftence  of  vifcid 
gum,  and  at  length  dries,  having  loft  45  per 
cent,  which  is  nearly  pure  water ; at  a higher 
heat  the  fulphurous  acid  rifes  unaltered,  and 
the  earth  remains  behind.  From  this  mode  of 
analyfis  it  appears,  according  to  Fourcroy,  to 
confift  of 

39  Sulphurous  acid 
16  Magnefia 
45  Water 
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It  is  decompofed  by  the  alkaline  and  earthy- 
alkaline  carbonats;  by  the  fulphats  of  alumine 
and  zircon;  by  the  earthy  nitrats;  by  the 
phofphats  of  the  alkalies,  and  of  lime,  glycine, 
alumine,  and  zircon;  and  the  alkaline  borats. 
It  is  not  applied  to  any  ufe. 

Ammoniaco-Magnksian  Sulphite. 

This  fait  is  formed,  according  to  Fourcroy, 
by  mixing  magnefia  with  fulphite  of  ammonia, 
or  ammonia  with  fulphite  of  magnefia,  or  by 
3^3 
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adding  together  the  two  fulphltes.  It  occurs 
in  the  (late  of  fmall  tranfparent  indeterminate 
cryftalsj  it  is  lefs  foluble  in  water  than  either 
of  the  two  fulphites  feparately,  of  which  it  is 
compofed.  By  expofure  to  air  it  changes  into 
the  triple  fulphat  of  ammonia  and  magnefia. 
When  heated  it  gives  out  firft  fulphurous  acid, 
then  acidulous  fulphite  of  ammonia  fublimes, 
and  pure  magnefia  remains  behind.  The  pro- 
portion of  its  conftituent  parts  has  not  been 
afcertained.  It  is  decompofable  by  barytes, 
ftrontian,  lime,  and  the  fixed  alkalies.  It  is 
not  made  any  ufe  of. 

Sulphite  of  Alumine. 

This  fait  is  formed  from  pure  alumine,  ac- 
cording to  the  procefs  already  mentioned.  It 
is  in  the  ftate  of  a white  foft  powder  •,  to  the 
tafte  it  is  fweetifti,  and  then  fulphureous.  It  is 
infoluble  in  water,  but  is  taken  up  by  an  excefs 
of  acid.  It  is  not  cryftallizable.  By  expofure 
to  the  air  it  is  gradually  converted  into  fulphat. 
When  heated,  fulphurous  acid  is  driven  ofF  and 
the  earth  remains  behind,  together  with  a little 
fulphat.  It  is  compofed,  according  to  Dr. 
Thomfon,  of 

32  Sulphurous  acid 
44  Alumine 
24  Water 
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It  is  not  applied  to  any  ufe. 

SUMACH.  Rhus  Coriaria,  Linn. 

The  fumach  is  a fhrub  which  grows  natu- 
rally in  Spain,  Portugal,  Syria,  and  many  parts 
of  the  Levant,  and  is  largely  employed  in  dye- 
ing.* Every  part  of  the  tree  appears  im.preg- 
nated  with  aftringent  matter : the  entire  twigs 
and  branches  are  the  parts  employed,  which 
are  dried,  and  ground  in  a mill  into  a coarfe 
brown  or  yellowifh-green  powder,  which  is  the 
ftate  in  which  it  is  imported. 

Sumach  readily  yields  a yellowilh  green  in- 
fufion  with  warm  wateyr,  which  foon  turns 
brown  on  expofure  to  air.  This  infufion  gives 
a fmall  quantity  of  yellow  lake  with  alum,  and 
with  the  folutions  of  iron  it  forms  an  abundant 
black  or  dark  brown  precipitate,  flrewing  the 
prefence  of  gallic  acid.  It  is  largely  ufed  In 
dyeing;  by  itfelf  it  gives  a yellow- buff  or 
fawn  colour  tending  to  green,  which  however  is 
fugitive  unlefs  fixed  by  a mordant.  If  a fait  of 
iron  enters  into  the  mordant,  the  black  of  the 


gallat  of  iron  then  produced  mixes  with  the  na- 
tural colour  of  the  fumach,  and  a vaft  variety 
of  ufeful  grey,  drab,  and  flate  colours  are 
brought  out.  Sumach,  like  the  gall-nut,  alfo 
contains  a very  large  quantity  of  Tan,  and 
hence  will  give  a copious  precipitate  with  infu- 
fion of  glue  or  any  other  animal  jelly;  fo  that 
it  has  an  additional  ufe  in  the  preparation  of 
leather,  the  finer  kinds  of  which  (as  mentioned 
under  that  article)  are  tanned  by  fumach. 

A good  deal  of  fulphat  of  lime  is  found  in 
the  infufion  of  fumach,  by  the  barytic  and  ox- 
alic tefts.  The  infufion  of  this  plant  differs 
from  that  of  the  other  aftringent  vegetables  in 
giving  a precipitate  with  the  cauftic  alkalies, 
which  is  probably  owing  to  the  fulphat  of  lime 
which  it  contains.  [See  the  article  Tannin.) 
Mr.  Davy  obtained  165  grs.  of  matter  foluble 
in  water  from  480  grs.  of  Sicilian  fumach,  of 
which  he  eftimates  y8  grs.  to  be  tannin. 

SWINESTONE.  Sfmljlein^  Wern.  Pierre 
puantCy  Broch. 

Its  colour  Is  dark  fmoke-grey  paffing  into 
greyifti  black,  yellowifh  grey  or  blackilh  brown. 
It  occurs  in  mafs,  and  fometimes  diffeminated. 
Its  internal  luftre  varies  from  dull  to  glimmer- 
ing. Its  fraddure  is  fine  grained  fplintery,  or 
fine  grained  earthy;  fometimes  it  is  imperfe£Uy 
lamellar  or  flaty;  the  black  variety  is  more  or 
lefs  conchoidal.  Its  fragments  are  either  inde- 
terminately angular,  or  flaty.  It  fometimes 
contains  very  fmall-grained  diftincl  concreti- 
ons. It  is  opake,  fometimes  a little  tranflucent 
on  the  edges.  It  gives  a greyifh-white  ftreak, 
may  be  eafily  fcratched  with  a knife;  is  brittle, 
and  eafily  frangible;  when  rubbed  it  gives  out 
a ftrong  fetid  urinous  odour  (whence  its  name.) 

It  elfervefces  ftrongly  with  acids,  and  the  gas 
thus  liberated  is  carbonic  acid  mixed  with  a little 
fulphuretted  hydrogen.  By  calcination  it  be- 
comes white,  and  is  converted  into  quicklime. 

It  occurs  in  beds  alternating  or  intermixed 
with  ftratified  gypfum,  or  ftratified  limeftone. 
It  is  found  in  England,  Germany,  France,  and 
moft  other  countries.  The  harder  and  more 
compadd  varieties  being  capable  of  a good  po- 
lifti  are  often  employed  in  ornamental  architec- 
ture for  marble.  It  is  alfo  ufed  as  a material 
for  building,  and  when  burnt  affords  excellent 
quicklime.  Its  peculiar  odour  has  been  attri- 
buted by  fome  to  a mixture  of  bitumen,  and 
lienee  it  has  been  improperly  confounded  with 
bituminous  limeftone. 


• Beuheilet  Art  dela  Tcinture. 
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TALC.  Talkf  Wern.  Ta/c,  Broch. 

Of  this  mineral  there  are  the  three  following 
fubfpecies. 

Sub/p.  Earthy  Talc.  Talcite  of  Kirwan. 

Its  colour  is  greenilh-white  paffing  into  red- 
dilh  white,  filver-white,  pale  apple-green,  and 
bright  grey.  It  occurs  difleminated,  fuperficlal, 
or  in  fmall  kidney-lhaped  mafl'es.  It  has  a' 
gliftering  pearly  luftre,  and  is  compofed  of 
llighdy  agglutinated  fcaly  particles;  it  ftains 
the  fingers,  arid  is  very  unftuous  to  the  touch. 

It  is  found  at  Sylvain  Piedmont;  near  Frey- 
berg  in  Saxony;  and  at  Meronitz  in  Bohemia. 

It  has  fometimes  been  confounded  with  agaric 
mineral. 

2.  Subjp.  Common  Talc.  Venetian  Talc. 

Its  colours  are  greenifh  white,  pale  apple- 
green,  filvery- white,  leek-green,  and  reddifti  or 
yellowifli  white.  It  occurs  in  mafs,  diflemin- 
ated,  and  very  rarely  cryftallized,  in  minute 
hexagonal  tables  confufedly  grouped  together. 
It  has  a confiderably  ftiining  pearly  luftre,  pafs- 
ing  into  femi-metallic.  Its  fradlure  is  curved 
and  undulatingly  lamellar;  its  fragments  are  in 
the  form  of  plates  or  wedges.  It  occurs  fome- 
times in  granular  diftinft  concretions.  It  is 
tranflucent  and  in  thin  plates  tranfparent;  is 
foft,  fertile,  flexible  but  not  elaftic,  undfuous 
to  the  touch.  It  is  infufible  before  the  blow- 
pipe without  addition.  According  to  an  analyfis 
by  Hoepfer  it  confifts  of 
50.  Silex 
’ 44.  Magnefia 
6.  Alumine 
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It  is  rarely  found  except  in  primitive  moun- 
tains particularly  forming  beds  and  veins  in  Ter- 
pentine, accompanied  by  adfynolite,  fteatite, 
&c.  It  abounds  in  the  mountains  of  Tyrol  and 
Salzburg,  whence  it  was  brought  to  market  at 
Venice,  and  from  this  circumftance  received 
the  name  of  Venetian  talc.  It  is  alfo  found  at 
Zbblitz  in  Saxony,  in  Silefia,  and  other  places. 

It  is  employed  as  a bafis  for  coloured  crayons, 
and  for  the  fineft  rouge. 

3.  Subjp.  Indurated  Talc. 

Its  colour  is  greenifti-white  of  different  de- 
grees of  intenfity,  alfo  fnow  white,  and  yel- 
lowifh  white. 


It  occurs  In  mafs.  It  has  a brightly  Ihining 
luftre,  between  pearly  and  greafy,  paffing 
fometimes  into  femi-metallic.  Its  fradlure  is 
curved,  lamellar,  palling  Into  flaty,  or  coarfely 
radiated.  Its  fragments  are  ufually  In  the  form 
of  blunt  edged  plates.  It  Is  tranflucent,  and  in 
thin  pieces,  fern i- tranfparent;  is  very  foft;  fec- 
tile;  fmooth  and  un£l:uous  to  the  touch. 

Its  conftituent  parts,  according  to^FIoepfer, 
are, 

38.54  Magnelia 
38.12  Silex 
6.66  Alumine 
0.41  Lime 
15.02  Iron 


98-7? 

It  forms  beds  in  mountains  of  argillaceous 
and  micaceous  fchiftus,  of  gnelfs  and  the  neweft 
Terpentine.  It  is  accompanied  by  aftynolite, 
calcareous  fpar,  bitter  fpar,  pyrites,  and  mica. 

It  appears  to  form  an  intermediate  link  be- 
tween fteatite  and  potftone.  French  chalk 
(crale  de  Briangon)  Is  by  fome  mlneralogifts 
referred  to  this  fpecies. 

It  is  found  in  the  Alps,  in  Stirla,  Auftrla 
and  Hungary,  and  according  to  Jamefon  in 
Breadalbane,  and  the  Shetland  Illands  in  Scot- 
land. 

TALCITE  of  Kirwan.  See  Talc  earthy.. 
TAN  OR  TANNIN.  \ 

TANNING,  (the  Art  of)  f 

The  general  properties  of  tannin  particularly 
as  conne£led  with  the  art  of  tanning,  have  been 
defcribed  pretty  fully  under  the  articles  Lea- 
ther and  Gelatin;  and  the  properties  of  the 
compound  of  tannin,  gallic  acid,  and  extradl, 
with  various  earthy  and  other  falts,  which  exifts 
in  the  infufion  of  aftringcnt  vegetables,  have 
been  given  under  the  article  Galls,  to  all  of 
which  we  muft  refer  the  reader.  It  will  be 
proper  however  In  this  place  (lightly  to  recapi- 
tulate the  general  properties  of  tannin,  the  me- 
thods by  which  chemifts  have  endeavoured  to 
obtain  it  pure,  and  thofe  by  which  its  relative 
proportion  to  tile  other  contents  of  aftringent 
infufions  have  been  eftimated.  We  fhall  alfo  add 
an  account  of  the  late  experiments  by  which 
Mr.  Hatchett  has  prcduccd  a fubftance  elefely 
refembling  tannin. 
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The  fubflr.nce  called  tan  or  tannin,  is  diftin- 
guiflied  by  its  ftrong  aftringent  tafte,  by  a pe- 
culiar fmcll,  by  forming  immediately  with  a 
folution  of  gelatin  a whitifli  compound  infolu- 
b!e  in  water  and  alcohol,  and  by  uniting  to 
animal  fkin  (which  is  chiefly  gelatine  in  a con- 
denfcd  ftate)  immorfed  in  it,  rendering  it 
harder,  lefs  pervious  to  water,  and  no  longer 
fufcept’.ble  of  putrefa6l:ion.  Thefe  are  the  pe- 
culiar advantages  procured  by  the  art  of  tan- 
ning which  has  been  defcribed  under  the  article 
J^eathcr , 

It  is  not  certain  whether  we  have  ever  pro- 
cured pure  tannin,  (at  leaf!  the  natural  tannin) 
for  all  the  parts  of  vegetables  that  contain  it 
aifo  give  out  on  infufion  a quantity  of  extraft, 
fometimes  mucilage,  often  gallic  acid,  befides 
fome  faline  fubfbances,  and  as  the  chemical  dif- 
ference between  fome  of  thefe  bodies  appears 
but  flight,  and  as  all  foluble  ^vegetable  matter 
pofTefl'es  many  properties  in  common,  it  is  ex- 
tremely difficult  to  obtain  any  one  of  them 
feparate. 

Proufi;'  who  has  made  many  refearches  on 
tannin,  gives  the  following  method  of  obtain- 
ing it  from  the  decoftion  of  galls. 

Pour  into  the  decoftion  a folution  of  muriat 
of  tin,  which  will  give  a copious  yellow  preci- 
pitate. Separate  this  by  filtration,  and  when 
well  waffied  it  will  confllt  (as  he  afferts)  of  all 
the  tannin  united  to  the  oxyd  of  tin.  To  fepa- 
rate thefe  two,  diflufe  the  precipitate  in  water, 
and  pafs  a current  of  fulphuretted  hydrogen 
gas  through  the  liquid.  By  degrees  an  infolu- 
ble  hydro-fulphuret  of  tin  will  Ije. precipitated, 
and  the  tannin,  now  feparated  from  the  oxyd, 
v/ill  refume  its  folubiiity  and  diflolve  in  the 
fluid,  giving  it  the  acerb  tafte,  and  peculiar 
fmell  of  the  decoTion  of  galls  after  the  excefs 
of  fulphuretted  hydrogen  has  been  expelled  by 
boiling.  This  folution  lathers  like  foap  water 
on  agitation,  and  when  concentrated  by  boiling 
it  depofits  a brown  powder  on  cooling,  which 
is  re-diflblved  by  heat.  When  evaporated  to 
drynefs  it  leaves  a dry,  brov/n,  friable,  refmous 
looking  mafs  like  aloes,  which  does  not  deli- 
quefco,  has  an  intenfely  acerb  tafte,  rediffolves 
in  water  and  alcohol,  and  then  gives  an  imme- 
diate precipitate  with  the  folutions  of  gelatine, 
whic’.i  is  the  moft  characleriftic  property  of 
tannin. 

The  clear  liquor  that  remains  in  the  flrft 
part  of  this  procefs  (that  is  after  adding  muriat 
of  tin  to  the  decoedion  of  galls)  contains  gallic 
acid  and  muriat  of  tin. 

• An.  Chini.  tom.  * Ibid.  tom.  42,. 


Such  was  the  original  procefs  of  this  ingeni- 
ous chemift,*’  but  fubfequent  experiments  con- 
vinced him  that  it  was  by  no  means  fo  accu- 
rate as  he  had  at  flrft  fuppofed,  for  the  oxyd  of 
tin  has  lo  ftrong  an  affinity  for  other  vegetable 
principles  and  particularly  for  extra6f,  that  this 
fubftance  when  prefent  (which  it  generally  is) 
accompanies  the  tannin  in  its  precipitation  with 
the  oxyd  of  tin,  and  alfo  in  its  fublequent  folu- 
tion in  water  after  the  oxyd  has  been  removed 
by  fulphuretted  hydrogen.  A part  alfo  of  the 
compound  of  tannin  and  oxyd  of  tin  remains 
in  folution  inftead  of  precipitating,  fo  that  this 
method  of  eftimating  the  'proportional  quantity 
of  tannin  in  any  folution  would  be  liable  to  a 
double  error. 

M.  Prouft  alfo  tried  the  effeT  of  Amply  agi- 
tating the  decoftion  of  galls  with  the  oxyd  of 
tin  (majile  by  nitric  acid  and  kept  underwater) 
which  in  a few  days  abforbed  all  the  tannin, 
but  it  equally  took  away  the  extra£f,  leaving 
the  fupernatant  liquor  nearly  clear.  He  alfo 
found  that  in  this  way  the  gallic  acid,  and  part 
of  the  tannin  were  deftroyed,  that  is,  changed 
in  fuch  a manner,  that  their  refpe£five  diftin- 
guifliing  properties  were  loft;  fo  that  on  the 
whole  not  much  advantage  can  be  expeefted  in 
thefe  experiments,  from  the  ufe  of  this  power- 
ful chemical  agent. 

Another  method‘s  propofed  by  the  fame  che- 
mift  of  obtaining  what  he  conceived  to  be  pure 
tannin,  was  to  pour  into  an  infufion  of  galls,  a 
folution  of  potafh  thoroughly  faturated  with 
carbonic  acid,  fuch  as  the  cryftallized  carbonat 
of  potaffi  is,  wdiich  produces  a yellowifli  white 
curdy  precipitate  of  the  fubftance  in  queftion. 
The  liquors  fliould  not  be  too  dilute,  nor  the 
precipitate  waffied  with  too  much  water,  as  it 
is  foluble  in  water,  though  fparingly.  This 
precipitate  dries  but  flowly,  but  when  fpread 
over  any  fmooth  furface,  in  thin  layers,  and 
ftoved,  it  becomes  a brittle  reflnous  yellow 
mafs.  ft'his  fubftance  diftilled  per  fe  gives  a 
faline  liquor  with  an  ammoniacal  fmell,  which 
blackens  the  folutions  of  iron,  and  alfo  a little 
thick  butyraceous  oil,  and  leaves  a bulky  coal.** 

Mr.  Davy  however,  on  repeating  thefe  expe- 
riments, found  that  this  precipitate  did  not  ex- 
hibit the  properties  of  pure  tannin,  as  it  wants 
the  peculiar  aftringent  tafte,  is  but  flightly  fo- 
luble in  cold  water  and  alcohol,  and  the  folu- 
tion is  not  precipitated  by  gelatin  till  it  is  fatu- 
rated with  an  acid.  It  alfo  gives  by  incineration 
a conGderable  quantity  of  carbonat  of  potafli, 

‘ Ibid.  tom.  J5.  ' Phil.  Tranf.  for  1803. 
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»nd  fome  carbonat  of  lime.  It  alfo  affords 
gallic  acid  by  diftillation. 

From  thele  and  other  fa£fs  it  appears  that 
this  precipitate  is  not  pure  tannin,  but  is  a very 
compounded  fubftance  containing  tannin,  gadic 
acid,  alkali,  and  lime,  and  perhaps  extra£l. 
The  pretence  of  alkali  is  peculiarly  indicated, 
by  the  circumftance  of  its  affording  no  precipi- 
tate with  gelatine  till  faturated  with  an  acid, 
which  is  precifely  the  effedl:  produced  in  the 
infufion  of  galls  by  adding  the  cauftic  alkalies, 
as  mentioned  under  the  article  GaJ/s. 

A compound  of  acid  and  tannin  is  produced 
on  adding  an  acid  to  the  infufion  of  galls  as 
has  alfo  been  mentioned  under  that  article. 
This  precipitate  is  tenacious  like  pitch,  and 
when  it  is  wallied  with  cold  water,  rediffolved 
to  faturation  in  boiling  water,  and  a little  car- 
bonat of  potafh  added  to  faturate  the  acid, 
another  precipitate  takes  place,  which  now  no 
longer  contains  any  acid,  and  is  fuppofed  by 
Proud  to  be  pure  tannin.  To  obtain  the  whole 
of  it,  the  remaining  liquor  fhould  be  evaporated 
and  then  allowed  to  cool,  and  the  precipitate 
wafhed  with  cold  water. 

This  fubdance  certainly  contains  the  tannin 
more  approaching  to  purity  than  in  the  former 
cafe,  but  as  extraft  is  alfo  known  to  be  preci- 
pitated by  acids,  it  is  probable  that  fome  of  it 
is  alfo  contained  in  this  cafe,  and  befides  it 
fhews  traces  of  gallic  acid. 

From  all  that  has  been  done  on  this  fubje£l:, 
it  appears  therefore  that  we  cannot  be  certain 
that  we  have  ever  obtained  pure  tannin,  free 
from  all  other  admixture;  and  it  is  equally  cer- 
tain that  none  of  thefe  methods  can  extradd  the 
whole  of  this  fubdance  from  vegetable  infufi- 
ons;  fo  that  it  is  dill  the  bed  method,  in  ex- 
periments w'here  the  quantity  of  tan  alone  is 
required,  to  make  ufe  of  the  infufion  of  animal 
gelatin,  and  edimate  the  quantity  of  tan  from 
the  weight  of  the  compound  of  tan  and  gelatin 
thus  produced. 

With  proper  precautions,  the  gelatin  only 
feparates  the  tannin  from  the  vegetable  infufi- 
ons;  and  this  compound  appears  tolerably  uni- 
form in  its  nature,  and  in  the  proportion  of  its 
condituent  parts,  though  we  have  not  yet  been 
able  to  feparate  them  without  dedroying  the 
chara£leridic  properties  of  each. 

In  applying  the  folution  of  gelatin  to  infufi- 
ons  containing  tannin,  feveral  circumdances 
mud  be  noted It  appears,  in  the  fird  place, 
that  the  mere  dilution  of  the  liquids  influences 
the  quantity  of  precipitate,  this  being  the 
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greated.  In  proportion  as  the  folution  of  tannin 
is  mod  concentrated. 

This  circumdance  introduces  an  unavoidable 
fource  of  error,  for  though  an  uniform  dand- 
ard  of  drength  may  be  adopted  for  the  gelatin, 
by  diffolving  a given  quantity  of  ifinglafs 
(which  is  nearly  pure  gelatin)  in  a known  bulk 
of  water,  it  is  impoflible  to  make  an  equally 
uniform  folution  of  tannin  from  a compound 
vegetable  fubdance. 

The  proportions  of  ifinglafs  and  water  em- 
ployed by  Mr  Davy  are  6 grains  of  the  former 
to  an  ounce  of  liquid,  wdilch  is  nearly  as  drong 
as  can  be  made  at  a moderate  temperature, 
without  being  inconveniently  difF  and  gelatin- 
ous. Care  mud  be  taken  not  to  add  an  over 
proportion  of  gelatin  to  the  vegetable  Infufion, 
for  when  this  happens,  it  appears  that  fome  of 
the  compound  is  diflblved  in  the  mixture,  as 
lefs  of  it  is  precipitated.  Probably  therefore 
gelatin  unites  with  tannin  in  different  proporti- 
ons, and  the  compound  is  only  infoluble  when 
the  gelatin  is  in  the  inferior  proportion.  The 
precipitate  fliould  always  be  dried  at  a tolerably 
uniform  temperature  fomewhat  higher  than 
that  of  the  atmofphere.  This  precipitate  is 
compofed,  according  to  Mr.  Davy,  on  an  ave- 
rage, of  about  54  per  cent,  of  gelatin,  and  46 
of  tannin.  There  Is  much  more  tannin,  how- 
ever, in  this  compound,  than  In  tanned  leather, 
or  Ikin  faturated  with  tannin,  though  the  con- 
ftituent  parts  are  nearly  the  fame. 

It  remains  to  mention  a very  curious  produc- 
tion of  tannin  by  artificial  means  from  fub- 
dances  which  do  not  naturally  contain  a particle 
of  it,  lately  dlfcovered  by  Mr.  Hatchett,®  and 
partially  noticed  in  this  volume  under  the  article 
Refin. 

The  Ingenious  author  was  led  to  the  difco- 
very  by  purfuing  his  former  experiments  on 
Bitumens  and  Bovey  Coal,  and  in  particular  on 
their  habitudes  with  nitric  acid.  When  a pure 
refin  Is  digefted  with  this  acid  it  is  converted 
into  an  orange-coloured  vifcid  fubftance,  which 
at  firft  feparates,  but  by  a further  aff'ufion  of 
acid  is  rendered  foluble  in  water  and  alcohol. 
On  the  other  hand  when  a bitumen  is  treated 
in  this  manner,  the  firft  effe£l:  of  the  acid  is  to 
feparate  this  orange-yellow  fubftance,  and  at 
the  fame  time  to  produce  a very  dark  broo.vn 
folution.  Now  as  the  bitumens  were  Ihevvn  by 
previous  experiments  to  confift  of  a refin 
holding  a portion  of  uncombined  carbon, 
Mr.  H.  conceived  that  a feparation  of  thefe 
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two  fubiliinces  was  efFe£led  by  the  acid,  and 
that  the  brown  folution  contained  only  the  un- 
combined  carbon  dilTol red  in  nitric  acid,  whilft 
the  orange-coloured  mafs  was  furnifhcd  by  the 
refin.  'Hris  was  confirmed  by  treating  in  the 
fame  way  amber,  afphaitum,  diiferent  fpecies 
of  pit-coal,  and  laltly  pure  charcoal,  ail  of 
which  yielded  the  brown  folution  in  abun- 
dance, particularly  the  charcoal,  but  only  thofe 
fubltances  that  contained  bitumen  depofited 
any  of  the  orange-coloured  mafs.  The  charcoal 
therefore  yielded  none  of  this  latter,  but  diffolved 
cempleatly  in  the  acid,  making  a dark  reddifli- 
brown  liquid.  This  liquid  was  (lowly  evapor- 
ated to  drynefs,  and  left  a brown  glofl'y  I'ub- 
ftance,  with  a refinous  fraiffure,  the  properties 
of  which  arc  the  following: 

1.  It  is  fpeedily  diffolved  by  cold  water  and 
by  alcohol. 

2.  Its  tafie  is  highly  aftringent. 

3.  Expofed  to  heat  it  fmokes  but  little, 
fwells  much,  and  affords  a bulky  coal. 

4.  The  watery  folution  reddens  litmus  paper. 

5.  The  fame  folution  copioully  decompofes 
the  metallic  falts,  efpecially  muriat  of  tin,  ace- 
tite  of  lead,  and  red  fulphat  of  iron,  forming 
brown  or  chocolate-coloured  precipitates. 

6.  It  precipitates  gold  from  its  folution,  in 
the  metallic  (late. 

7.  It  alfo  precipitates  the  earthy  falts. 

8.  The  fixed  alkalies  at  firft  only  deepen  the 
colour  of  the  folution,  but  after  a time  render 
it  turbid. 

9.  Glue  or  ifinglafs  diffolved  in  water  and 
added  to  the  above  folution  forms  an  immedi- 
ate precipitate  more  or  lefs  brown  according 
to  the  degree  of  concentration,  which  is  info- 
luble  in  cold  or  boiling  water,  and  appears 
clofely  to  referable  the  precipitate  formed  by 
adding  gelatin  to  the  infufion  of  galls  or  other 
vegetable  aftringents. 

From  thefe  fatls  it  appears  that  whenever 
carbon,  cither  as  fimple  charcoal  or  in  natural 
mixture  with  refins  in  the  form  of  bitumen  or 
coal,  is  digefted  in  nitric  acid,  it  Is  fpeedily  dif- 
folved therein,  and  is  then  converted  into  a fub- 
flance  clofely  refembling  the  natural  Tannin^ 
from  which  mofl  of  the  excels  of  acid  may  be 
feparated  by  cautious  drying,  and  re-folution 
in  water. 

This  artificial  tannin  is  probably  purer  than 
tannin  procured  in  any  way  from  vegetable  in- 
fufions,  being  entirely  free  from  gallic  acid, 
though  foraething  refembling  extradl  is  pro- 
duced along  with  the  tannin. 

Further  experiments  confirm  the  Ilrong  re- 


fcmblance  of  the  artificial  with  the  natural 
tannin.  When  fulphuric  acid  is  added  to  the 
artificial  folution  it  becomes  turbid,  and  a co- 
pious brown  precipitate  fubfides,  which  is  fo- 
luble  in  boiling  water,  and  then  precipitates 
gelatin.  When  carbonat  of  potafh  is  added, 
the  colour  is  deepened,  and  a brown  flocculent 
fubftance  fubfides. 

Pure  ammonia  diffolves  the  artificial  tan,  and 
this  folution  gives  ho  precipitate  with  gelatin 
till  neutralized  by  an  acid.  In  all  thele  cir- 
cumftances  it  agrees  clofely  wdth  the  natural 
tannin. 

When  a folution  of  artificial  tannin,  made  by 
pure  charxoal  and  nitric  acid,  is  precipitated  as 
much  as  poffible  by  gelatin,  the  fupernatant 
liquor  yields  by  (low  evaporation  to  drynefs,  a 
light  brittle  cinnamon-brown  fubftance,  with  a 
ftrong  odour  refembling  that  of  oak-bark,  folu- 
ble  in  water,  fcarcely  a£fed  on  by  gelatin,  but 
precipitating  the  folutions  of  iron,  tin,  and 
lead,  and  which  in  fome  degree  refembles  ex- 
tra\St;  fo  that  this  latter  fubftance  appears  alfo 
to  be  an  artificial  as  w^ell  as  a natural  produc- 
tion. 

The  chief,  if  not  the  only  material,  differ- 
ence which  has  hitherto  been  found  between 
the  natural  and  the  artificial  tannin  Is,  that  the 
former  has  its  diftinguKhing  properties,  parti- 
cularly that  of  precipitating  gelatin,  entirely 
deftroyed  by  digeftion  with  nitric  acid;  whereas 
the  artificial  kind  is  made  by  means  of  this 
acid,  and  refifts  all  further  change  by  it,  in  any 
temperature,  at  leaft  for  a confiderable  length 
of  time. 

It  has  been  mentioned  that  when  nitric  acid 
is  digefted  with  any  fpecies  of  refin,  if  the 
latter  contains  no  uncombined  carbon,  it  is  re- 
folved  into  an  orange-coloured  vlfcid  mafs,  of 
Itfelf  Infoluble  in  the  liquid,  but  which  may 
be  diffolved  by  a further' affufion  of  acid.  In 
this  date  it  gives  no  precipitate  with  gelatin, 
and  therefore  contains  no  tannin  fully  formed; 
but  Mr.  Hatchett  found  that  on  repeatedly  ab- 
ftradllng  the  acid  to  drynefs,  the  refidue  be- 
came foluble  In  water,  forming  a clear  yellow 
liquid,  in  which  the  prefence  of  tannin  was 
then  detected  by  the  folution  of  Ifinglals.  Any 
kind  of  refin  will  yield  tannin  in  this  manner, 
as  will  fome  of  the  gum  refins  that  have  been 
examined.  This  therefore  is  a fecond  mode  of 
forming  the  artificial  tannin.  The  fimple  nitrous 
folution  of  indigo  alfo  gives  a portion  of  tannin, 
together  with  an  intenfely  bitter  cryftallizable 
fubftance. 

There  is  ftill  another  method  of  producing 
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it,  which  is  by  means  of  fulphuric  acid.  When 
a refin  is  immerl'ed  in  this  acid  it  is  fpeedily 
diflblved,  forming  a brown-red  folution,  which 
by  continuing  the  digeftion  turns  to  black. 
Heat  is  not  necefl'ary  to  effe£t  the  folution,  but 
hadens  it.  After  a time  much  fulphureous  and 
carbonic  acids  are  given  out,  and  if  after  this 
the  folution  is  copiously  diluted  with  cold 
water  a black  mafs  fubfides,  which  is  partially 
foluble  in  alcohol,  and  this  alcoholic  folution  is 
totally  decompofed  by  gelatin,  and  therefore 
contains  an  artificial  tannin.  It  is  not  necefl'ary 
however  to  make  a compleat  folution  of  the 
refill  in  this  acid,  for  if  it*is  long  digefted  with 
a fmaller  quantity  of  the  acid,  the  fame  gaffes 
are  given  out,  and  the  refidue  becomes  con- 
verted into  a black  charred  mafs  from  which 
tannin  may  be  extradled  by  alcohol.  Not  only 
the  refins,  but  oil,  wax,  camphor,  and  many 
other  inflammable  fubllances  will  yield  tannin 
by  digeftion  with  fulphuric  acid,  but  fome  with 
much  more  eafe  than  others.  The  tannin  ap- 
pears to  be  the  fame  in  all,  and  there  appears 
to  be  a certain  period  of  the  procefs  when  the 
production  of  the  tannin  has  arrived  at  its 
greateft  quantity,  after  which  a gradual  dimi- 
nution of  it  takes  place,  and  it  finally  difap- 
pears,  and  the  fubftance  becomes  mere  coal. 

There  is  therefore  this  difference  between 
the  action  of  the  nitric  and  fulphuric  acid  upon 
refins  and  other  inflammable  bodies,  which  is, 
that  the  produdfion  of  tannin  by  the  former 
acid  is  an  ultimate  effedf,  beyond  which,  no 
further  change  takes  place  by  a continuation  of 
the  procefs;  whereas  with  the  fulphuric,  it  is 
only  an  intermediate  product,  which  is  loft  on 
further  digeftion. 

The  tannin  produced  by  fulphuric  acid  ap- 
pears alfo  to  be  much  weaker  in  energy  than 
that  formed  by  the  nitric. 

From  all  thefe  original  and  truly  valuable 
experiments  therefore,  it  appears  that  artificial 
tannin  may  be  made  in  the  following  ways: 

1.  By  fimply  diffolving  in  nitric  acid,  either 
pure  charcoal,  vegetable  or  animal,  or  vegetable 
compounds  that  contain  naturally  any  quantity 
of  uncombined  charcoal,  or  in  which  charcoal 
has  been  produced  by  previous  expofure  to 
heat,  or  by  fulphuric  acid.  In  thefe  the  quan- 
tity of  tannin  is  diredlly  proportioned  to  that 
of  the  charcoal  folely. 

2.  By  repeatedly  abftra£Hng  nitric  acid  off 
moft  of  the  refins,  and  fome  other  vegetable 
inflammables,  which  Is  totally  independent  of 
any  uncombined  charcoal  that  they  may  con- 
tain. 
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3.  By  long  digeftion  of  refins,  oils,  and  fome 
other  fubftances  with  fulphuric  acid,  flopping 
the  procefs  before  the  ultimate  effedi  of  the 
acid  is  produced,  and  extracting  the  tannin 
from  the  half-charred  mafs  by  alcoliol. 

Further  experiments  are  required  to  afeer- 
tain  what  difference  there  may  be  between 
thefe  varieties  of  artificial  tannin,  and  between 
thefe  and  natural  tannin.  With  refpedl  to  the 
latter  queftion,  one  ftriking  difibrence  appears, 
which  is,  that  the  natural  fpecies  is  totally  de- 
compofed by  nitric  acid,  whereas  the  artificial 
is  both  produced  by  it,  and  is  not  eafily,  if  at 
all,  alterable  by  any  -continuance  of  its  adlion. 

TANTALIUM. 

Of  this  metallic  fubftance,  newly  dlfcovercd 
by  Ekeberg,  the  followdng  are  all  the  particulars 
that  have  hitherto  been  publiflied. 

I . Ores  of  Tantalium. 

Sp.  I.  Tantalite. 

The  external  colour  of  this  mineral  is  iron- 
black,  that  of  a recent  fraddure  is  fomewhat 
lighter  wdth  a bluifti  tinge;  when  pulverized  it  is 
a blackifh  grey.  It  occurs  imbec'ded  in  detached 
cryftals  of  the  fize  of  a hazel-nut ; the  form  of 
the  cryftals  is  an  ill  defined  oddohedron.  Its 
fradlure  is  compadt,  and  prefents  a faint  me- 
tallic luftre.  It  gives  fparks  when  ftruck  againft 
the  fteel.  Sp.  gr.  7.95. 

Its  component  parts  are  tantalium,  iron,  and 
manganefe. 

It  occurs  near  Brockaern  in  the  parifh  of 
Rimito  in  the  government  of  Abo  in  Finland, 
In  a vein  of  quartz  and  mica,  traverfing  a rock 
of  granite. 

Sp.  2.  Yttrotantallte. 

The  colour  of  this  mineral  when  recently 
broken  is  iron  black.  It  occurs  in  nodules  not 
larger  than  a hazel-nut.  Its  fradlure  is  com- 
paft  granular  with  a metallic  luftre.  It  may 
be  fcratched,  though  with  difficulty,  by  a 
knife.  The  colour  of  its  ftreak  is  greyifh. 
Sp.  gr.  about  5.1. 

It  is  compofed  of  tantalium  and  yttria. 

It  occurs  at  Ytterby  in  Sweden,  in  a granite 
rock,  accompanied  by  gadolinite. 

§.  2.  Phyfical  and  Chemical  Properties. 

Tantalium  is  obtained  from  its  ores  by  treat- 
ing them  alternately  with  cauftic  fixed  alkali, 
and  muriatic  or  nitro-muriatic  acid.  The  alka- 
line folution  being  fuperfaturated  with  an  acid 
lets  fall  a white  powder  which  is  oxyd  of  tan- 
talium, the  fpecific  gravity  of  which  after  ig- 
nition is  =6.5.  This  oxyd  if  ftrongly  heited 
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in  a crucible  lined  with  charcoal  is  reduced 
into  a button  of  moderate  hardnefs  with  a 
flight  metallic  luftre  fuperficially,  but  internally 
blackifli  and  quite  dull.  The  only  a£Hon  which 
the  acids  have  on  this  regulus,  is  to  reduce  it 
to  the  flate  of  white  oxyd.  Borax  and  phofphat 
of  foda,  when  aflifted  by  the  blowpipe,  dilTolve 
this  oxyd,  but  receive  from  it  no  tinge  of 
colour. 

TAR.  See  Turpentine. 

TAR,  Mineral.  See  Bitumen. 

T ARRAS.  See  Cements,  Calcareous. 

TARTAR.  IVewJlein.  Germ. 

The  fubftance  called  Tartar^  is  a hard,  brittle, 
brown-red  mafs,  interfperfed  with  imperfeifly 
cryftallized  particles,  which  is  depofited  on  the 
Cdes  of  wine-casks,  during,  and  after  fermen- 
tation of  the  grape-juice,  in  the  form  of  a thick 
Iblid  cruft.  In  this  flate  it  is  alfo  called  Crude 
or  Rough  Tartar  or  Argol,  to  diftinguifh  it  from 
that  which  is  purified  in  the  way  that  will  be 
prefently  mentioned. 

Tartar  is  not  furnifhed  in  equal  quantity  from 
all  wines,  but  the  more  coloured  and  ftronger- 
bodied  wines  yield  the  moll.  Tartar  has  a 
vinous  and  flightly  acid  tafte.  It  confifts  of  a 
large  quantity  of  extra£live  matter,  fcarcely 
foluble  in  water,  to  which  it  owes  its  colour,  and 
of  a fait,  quite  white  when  pure,  compofed  of 
acid  of  tartar  united  to  a fmall  portion  of  potafli, 
lefs  than  is  required  for  the  faturation  of  the 
acid,  but  which  in  this  proportion  forms  a 
diftin£t  cryftallizable  fait  of  confiderable  im- 
portance in  feveral  arts  and  manufadlures. 

This  fait  when  pure  is  called  Purified  Tartar^ 
Cream  of  Tartar,  Ct-filals  of  Tartar,  or  with 
more  precifion.  Acidulous  Tartrite  of  Potafh,  or 
Super-Tartrite  of  Potafio.  It  is  alfo  called  fimply 
Tartar,  but  it  is  better  to  confine  the  term 
Tartar  to  the  entire  unpurified  mafs.  Tartar 
is  not  entirely  a produdi  of  fermentation,  for 
it  is  contained  in  the  Mujl,  or  grape-juice,  and 
affifts  in  the  procefs  of  fermentation  and  the 
produdtion  of  alcohol.  The  fame  fait  in  diffe- 
rent combinations,  has  alfo  been  found  native 
in  fome  other  vegetable  juices. 

Crude  tartar  is  ufed  pretty  largely  as  a flux 
in  the  aflaying  of  ores.  As  it  contains  both 
alkali  and  carbonaceous  matter,  it  a6ts  both  in 
afliiling  the  fufion  of  refraftory  ores,  and  in 
reducing  metallic  falts  and  oxyds.  When 
heated  per  fe  to  rednefs  in  clofe  veflels,  the 
extractive  matter  and  the  tartareous  acid  both 
become  charred,  and  a black  alkaline  carbona- 
ceous mafs  is  the  refult.  In  open  veflels  the 


charcoal  burns  off  totally,  and  at  laft  nothing 
but  pure  white  carbonat  of  potafh  remains. 

But  the  greater  part  of  the  tartar  is  refined  to 
extra£l  the  pure  fait,  which  is  performed  largely 
in  the  South  of  France,  near  Montpellier,  and 
alfo  at  Venice,  and  in  two  different  methods. 

The  Venetian  is  the  following  : * The  crud'^ 
tartar  is  firfl  dried  in  an  iron  boiler,  with  a very 
gentle  heat  and  frequent  ftirring,  that  the  acid 
may  not  be  burnt,  and  is  then  pounded  in  iron 
mortars.  The  ground  tartar  is  then  diflributed 
into  wooden  tubs,  and  boiling  water  poured 
upon  it,  which  diflblves  the  fait,  and  leaves  a 
fediment  which  is  thrown  away.  The  clear 
folution  is  left  three  days  at  reft,  during  which 
time  it  depofits  brownifh  cryflals  of  tartar. 
The  mother  liquor  from  this  operation  is  re- 
ferred, and  is  ufed  hot  in  the  fubfequent  pro- 
cefs in  the  firfl  lixiviation  of  the  tartar.  The 
brownifh  cryflals  of  tartar  are  then  put  into  a 
copper  boiler,  with  the  mother-liquor  of  former 
procefles,  and  flowly  brought  to  boil,  by  which 
a faturated  folution  of  a deep  yellow  wine  co- 
lour is  produced.  This  is  clarified  in  the 
following  way  : a workman  flands  by  the  fide  of 
the  copper  with  a bafket  of  eggs,  and  a bucket 
full  of  finely  fifted  wood  allies.  He  begins 
with  breaking  one  of  the  eggs,  and  putting  the 
white  of  it  only  into  a bowl  ; he  beats  this  up 
with  fome  of  the  boiling  liquor,  and  then  pours 
the  whole  into  the  boiler;  he  then  inflantly 
throws  in  a ladle-full  of  the  wood-alhes,  and  flirs 
up  the  liquor  from  the  bottom.  A brilk  effer- 
vefeenee  takes  place,  and  the  furface  is  covered 
with  a red  feum,  which  is  carefully  taken  ofT 
with  a perforated  fkimming-difh  and  put  afide  : 
a fecond  portion  of  allies  is  then  added,  and  the 
effervefcence  and  feum  are  renewed  and  treated 
as  before.  The  whole  of  this  operation  is  re- 
peated fourteen  or  fifteen  times,  after  which  the 
liquor  becomes  quite  clear  and  colourlefs.  ITie 
fire  is  then  withdrawn,  and  the  liquor  fufFered 
to  remain  perfedlly  at  refl  for  three  days.  On 
the  fourth,  a dirty  white  faline  crufl  is  removed 
from  the  furface,  and  two-thirds  of  the  liquor 
laded  out : the  cryflals  on  the  fides  are  then 
collecfled  by  a ladle  and  waflied  in  the  remain- 
ing liquor;  they  are  thus  obtained  perfectly 
clean,  and  require  no  further  preparation  than 
drying  on  a wicker  frame.  The  cryflals  from 
the  bottom  are  flill  fomewhat  coloured,  and  are 
either  fold  as  an  inferior  fort,  or  are  refined  again 
with  frefli  portions  of  the  crude  tartar.  The 
liquor  that  remains  in  the  boiler  after  the  depo- 
fition  of  the  cryflals  is  a cold  faturated  folution 
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of  tartar,  and  is  employed  in  the  hrfl;  hxiviation 
of  the  rough  tartar. 

Tartar  is  refined  near  Montpellier  in  the 
following  manner,  according  to  the  defcription 
given  by  M.  Fizes,'*  which  has  been  found 
ib  convenient  and  efficacious  that  little  if  any 
change  has  been  made  in  it  for  a century.' 

The  apparatus  required  for  this  purpofe  is  ift, 
a large  copper  boiler;  2d,  a ftone  ciftern,  larger 
than  the  boiler;  3d,  a number  of  glazed  earthen 
pots  (generally  27)  which,  together,  hold  fome- 
what  more  than  the  boiler  ; 4th,  fome  ftrainers 
of  coarfe  cloth  ftretched  on  wooden  frames ; 
5th,  four  fmaller  copper  boilers  which,  together, 
hold  as  much  as  the  larger  boiler,  and  are  ufed 
in  the  refining  part  of  the  procefs ; and  6th, 
a mill  to  grind  the  tartar. 

The  large  copper  is  firfi,  filled  with  two-thirds 
of  mother  liquor,  remaining  from  the  previous 
operations,  and  one-third  of  fpring  water,  a quan- 
tity of  rough  tartar  is  then  thrown  in,  and  when 
the  liquor  is  faturated  and  boiling  it  is  ftrained 
into  the  earthen  pots.  In  about  half  an  hour  the 
liquor  in  thefe  pots  though  ftill  very  hot,  begins 
to  depofit  cryftals  on  the  furface  and  fides  of 
the  pot,  during  which  time  more  liquor  and 
tartar  are  thrown  into  the  large  copper  as  at 
firft. 

The  liquor  in  the  pots  is  then  emptied  into 
the  ftone  ciftern,  leaving  the  cryftallized  cruft 
of  tartar  behind ; and  when  the  fecond  boiling 
is  faturated,  the  pots  are  again  filled  as  before, 
and  the  large  copper  again  charged  with  the 
clear  liquor  from  the  ciftern,  and  frefh  tartar. 
By  thus  five  times  alternately  preparing  a hot 
faturated  folution,  and  allowing  it  partially  to 
depofit  its  tartar  in  the  pots,  the  latter  become 
lined  to  a confiderable  thicknefs  with  a cruft  of 
reddiffi-white  tartar, much  purer  than  at  firft, and 
which  obvioufly  confifts  of  an  irregular  cryftal- 
lized faline  mafs,and  when  waffied  with  cold  wa- 
ter is  fit  for  the  fecond,  or  proper  refining  procefs. 
For  this  purpofe  the  four  fmall  boilers  are  filled 
with  water,  in  which  a fmall  quantity  of  clay  is 
diffufed,  which  renders  it  milky,  rejefting  the 
ftony  and  larger  particles  of  earth.  The  half- 
purified  tartar  is  then  added  in  fuch  proportion 
that  the  water  when  boiling  fliall  be  fufficient  to 
diflblve  all  the  foluble  part,  and  the  ebullition 
is  continued  for  a quarter  of  an  hour  ; the  fire 
is  then  withdrawn,  and  the  liquor  allowed  to 
remain  at  reft  till  the  next  day.  It  is  then 
found  covered  on  the  furface  with  a white  hard 
faline  cruft,  and  a fimilar  cruft,  but  more  dif- 
tindlly  cryftallized,  has  concreted  on  the  fides 
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and  bottom  of  the  boiler.  They  are  both  very 
pure  tartar,  the  cruft  on  the  furface,  which 
is  an  amorphous  mafs,  is  called  Crea?n  of  tartar, 
and  the  other,  Cr^als  of  tartar,  but  they  are 
indifcriminately  mixed. 

The  cruft  is  then  broken  down  and  falls  to 
the  bottom,  and  the  liquor,  which  is  a clear  pale 
red,  is  poured  olf  gently  into  the  ftone  ciftern, 
till  it  begins  to  run  white  owing  to  the  clay 
at  bottom,  which  latter  portion  pafi’es  into  a 
feparate  veffel.  The  whole  mafs  of  folid  tartar 
left  in  the  boiler  is  then  waflied  with  cold 
water,  till  all  the  foulnefs  (which  is  merely 
fuperficial)  is  got  out,  and  the  water  comes 
away  quite  clear,  after  which  the  purified  tartar 
is  taken  out  and  dried  on  ftoves  or  in  the  fun, 
and  is  perfectly  pure  and  white.  The  ordinary 
rough  tartar  yields  about  three-fifths  of  its 
weight  of  the  white  pure  fait.  All  the  residu- 
ary liquors  are  employed  in  fubfequent  opera- 
tions in  the  w'ay  already  mentioned. 

The  above  two  procefles  of  purifying  tartar 
are  confiderably  fimple.  Tartar  confifts  of  the 
pure  fuper-tartrite  of  potafli,  or  cream  of  tartar, 
united  with  a large  quantity  of  extractive  and 
colouring  matter.  Of  thefe,  the  pure  fait  is 
entirely  foluble  in  water,  and  much  more  fo  in 
hot  than  cold  water,  but  it  requires  a very  large 
proportion  of  water  for  folution  ; for  even  at  a 
boiling  temperature  one  ounce  of  the  faturated 
folution  holds  no  more  than  16  grs.  or  of  its 
weight  of  the  fait,  and  on  cooling  only  three 
or  four  grains  are  retained  in  folution.  Hence 
the  neceffity  of  ufing  a very  large  bulk  of  fluid  in 
the  procefles  of  folution  and  cryftallization,  and 
the  advantage  of  employing  the  mother  liquors 
or  cold  faturated  folutions  of  former  procelTes. 
In  each  of  thefe  methods  the  tartar  is  firft 
confiderably  purified  by  fimple  folution,  filtra- 
tion, and  cryftallization,  but  the  fubfequent  part 
of  the  procefs  differs  materially.  In  the  Vene- 
tian method  the  white  of  egg  is  doubtlefs  a 
very  excellent,  though  fomewhat  more  expen- 
five,  fubftance  for  clarification  ; but  the  ufe  of 
the  wood-afh  is  not  very  obvious,  and  would 
feem  to  be  fo  far  injurious  as  its  allcali  mult 
neutralize  a portion  of  the  tartareous  acid,  and 
diminiffi  the  quantity  of  purified  tartar  by  con- 
vertiiig  a portion  of  it  to  tartrite  of  potaffi,  or 
that  combination  of  this  acid  and  potalh  in 
which  the  acid  and  alkali  are  in  mutual  fatu- 
ration,  and  which  being  very  foluble  would  re- 
main in  folution.  Whether,  as  has  been  ftated 
by  fome,  the  alkali  of  the  affies  would  render 
the  whole  mafs  of  purified  tartar  lets  acidulous 
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may  be  f(^mewhat  doubted,  for  the  fuper-tartrite 
of  potafli  appears  in  all  experiments  to  be  a 
pretty  uniform  fait ; and  its  little  folubility,  and 
the  readinefs  with  which  it  feparates  from  its 
hot  faturated  folution,  contribute  to  preferve  its 
compofition  unvaried  in  any  mixture  where 
it  is  produced  at  all. 

In  the  Montpellier  mode  of  purification  the 
earth  ufed  appears  to  be  a tolerably  pure  clay, 
which  readily  diffufes  itfelf  in  water,  and  pro- 
bably any  other  white  clay  would  anfw^er  as 
well.  The  elFedf  of  the  clay  is  to  abforb  to  it- 
felf the  mucilaginous  and  coloured  extradf,  and 
to  carry  it  down  in  the  form  of  an  infoluble 
fediment ; and  when  this  operation  is  properly 
performed  it  appears  on  the  whole  to  be  fu- 
perior  to  the  Venetian  mode.  The  clay  how- 
ever fliould  be  free  from  any  admixture  of 
chalk,  and  fhould  not  effervefce  with  acids,  for 
the  chalk  would  readily  neutralize  that  excefs 
of  acid  which  is  eflential  to  the  compofition  of 
cream  of  tartar,  as  is  feen  in  the  procefs  where 
it  is  intentionally  added  to  procure  the  tartareous 
acid,  and  will  be  defcribed  under  that  article. 

Cream  of  tartar  is  a very  valuable  fait.  It  is 
chiefly  ufed  in  dyeing,  efpecially  in  giving  the 
fcarlet  and  other  modifications  of  the  cochineal 
colours  as  defcribed  under  the  article  Dyeing.  It 
is  alfo  frequently  combined  with  alum,  as  a 
mordant  in  fixing  colours.  An  agreeable  and 
very  cheap  acidulous  drink  is  made  by  diffolving 
this  fait  in  water.  The  other  chemical  pro- 
perties of  this  fait  will  be  mentioned  under  the 
articles  Tartrites  and  Tartareous  Acid. 

TARTAR  EMETIC.  See  Antimony. 

TARTAR  Regenerated,  See  Acetite  of 
Potajh. 

TARTAR.  Salt  of.  A very  pure  Carbonat  of 
Potafo  is  made  by  calcining  cream  of  tartar 
either  per  fe  or  with  nitre,  whence  the  term  Salt 
of  tartar  has  long  been,  and  ftill  is,  very  com- 
monly applied  to  the  pureft  fub-carbonat  of 
potafh  in  whatever  way  obtained,  and  fome  of 
the  fairs  with  this  alkali  have  had  the  name  of 
tartar,  as  the  following  : 

TARTAR  Vilriolated.  See  Sulphat  0/  Pot- 
afj. 

TARTAR  Soluble.  See  Tartrite  of  Potafj. 

TARTAREOUS  ACID, 

It  was  Scheele,  whofe  admirable  ingenuity 
firfl;  devifed  the  method  of  feparating  from 
cream  of  tartar  the  pure  tai'tareous  acid,  and 
obtaining  it  in  a folid  cryftallized  form. 

His  procefs,  with  flight  variation,  is  the  fol- 


lowing, which  very  clofely  refembles  the  me- 
thod ufed  by  this  chemift  to  obtain  the  Citric 
acid  : diflblve  any  given  quantity  of  cream  of 
tartar  in  boiling  water,  and  whilfl  boiling  add 
gradually  fome  clean  powdered  chalk.  A copi- 
ous efibrvefcence  will  arife,  and  the  addition  of 
chalk  mull  be  continued  till  this  ceafes,  when 
the  mixture  may  be  fet  by  to  cool.  It  then 
contains  a white  denfe  fediment,  which  confifts 
of  the  lime  of  the  chalk,  united  with  the  excefs 
only  of  the  acid  of  the  cream  of  tartar;  and 
the  fupernatant  liquor  is  therefore  a folution  of 
the  cream  of  tartar  deprived  of  its  excefs  of  acid, 
or  neutral  tartrite  of  pstafj,  or  foluble  tartar  as  it 
is  alfo  called,  and  which  may  be  obtained  cryf- 
tallized by  fubfequent  evaporation.  Walh  the 
precipitated  tartrite  of  lime  repeatedly  with  cold 
water,  then  put  it  into  a glafs  velfel,  and  add 
to  it  a diluted  fulphuric  acid,  compofed  of  as 
much  concentrated  acid  as  is  equal  to  the 
weight  of  chalk  employed  in  faturating  the 
cream  of  tartar,  mixed  with  four  or  five  times 
its  weight  of  water. 

The  fulphuric  acid  having  a ftronger  aflFinity 
for  the  lime  than  the  tartareous  acid  has,  totally 
decompofes  the  tartrite  of  lime  during  a di- 
geftion  of  two  or  three  days  (or  in  a fhorter 
time  if  alfifted  by  a gentle  heat)  and  the  white 
fediment,  though  it  does  not  alter  its  appear- 
ance, is  changed  to  fulphat  of  lime,  whilll  the 
fupernatant  liquor  contains  naked  acid  of  tar- 
tar. Then  pour  off  the  clear  liquor,  wafh  the 
fulphat  of  lime  to  extradl  all  the  adhering  acid, 
and  add  the  wafliings  to  the  former  liquor,  and 
evaporate  the  whole  (at  firft  with  a boiling 
heat,  and  as  it  concentrates,  with  a much 
gentler  warmth)  till  it  is  of  a thick  fyrupy  con- 
fiftence,  and  then  fet  it  by  for  fome  hours  that 
all  the  felenite  which  it  may  hold  in  folution 
may  be  depofited.  Then  again  dilute  the  mix- 
ture with  cold  water  fufficicnt  to  rediflblve  every 
thing  but  the  felenite,  and  flowly  evaporate  the 
folution  to  a fyrupy  confidence,  and  after  fome 
hours  it  will  depofit  the  pure  tartareous  acid  in 
crydals,  which  are  generally  pretty  large  irre- 
gular hexahedrons.  Cream  of  tartar  decom- 
pofed  in  this  way  by  chalk  (and  therefore  only 
partially)  will  yield  about  a third  of  its  weight 
of  the  crydallized  acid.  This  quantity  how- 
ever mud  not  be  taken  as  the  proportion  of  the 
acid  in  cream  of  tartar,  for  much  of  the  weight 
of  the  crydallized  acid  is  water  of  crydalliza- 
tion,  whereas  the  creain  of  tartar  contains  very 
little  water. 

Some  nicety  of  management  is  required  to 
obtain  the  utmod  quantity  of  the  acid  and  with 
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the  leaft  repetition  of  the  alternate  folutions  and 
evaporations.  M.  Lowitz**  finds  that  it  is 
better  to  ufe  a flight  excefs  of  fulphuric  acid 
in  the  decompofition  of  the  tartrite  of  lime  to 
enfure  the  total  feparatiou  of  the  tartareous 
acid  ; for  if  too  little  fulphuric  acid  were  added, 
the  mixture  would  confift  of  tartareous  acid,  of 
fulphat  of  lime,  and  of  fome  undecompofed 
tartrite  of  lime,  which  latter  is  readily  foluble 
in  an  excefs  of  its  own  acid,  fo  that  the  clear 
liquor  would  not  be  pure  tartareous  acid,  but 
a very  acid  folution  of  tartrite  of  lime,  from 
which  the  pure  acid  would  cryftallize  with  dif- 
ficulty. On  the  other  hand,  if  there  was  any 
confiderable  excefs  of  fulphuric  acid  it  would 
produce  equal  inconvenience,  both  by  diflblving 
fome  of  the  fulphat  of  lime,  and  alfo,  when  the 
acid  liquor  was  much  concentrated,  by  partially 
decompofing  and  colouring  the  tartareous  acid 
and  lelTening  the  produdt. 

To  afcertain  whether  the  fulphuric  acid  has 
been  added  in  due  proportion,  take  out  a little 
of  the  clear  liquor  remaining  after  the  tartrite 
of  lime  has  been  duly  digefted  with  the  fulphu- 
ric acid,  and  having  diluted  it,  drop  in  fome  fo- 
lution of  acetited  lead  as  long  as  any  precipitate 
falls  down,  which  wi  1 therefore  confift  either 
entirely  of  tartrite  of  lead,  or  of  a mixture  of  this 
fait  with  fulphat  of  lead,  according  as  there  is 
or  is  not  any  excefs  of  fulphuric  acid  in  the  li- 
quor. Then  add  fome  pure  and  moderately 
ftrong  nitric  acid,  and,  if  the  precipitate  con- 
fifts  merely  of  tartrite  of  lead,  it  will  be  redif- 
folved  totally  and  immediately,  and  the  folution 
will  remain  clear  for  fome  hours.  If  the  pre- 
cipitate contains  much  fulphat  of  lead  mixed 
with  the  tartrite  it  will  not  be  wholly  redif- 
folved : but  if  only  a fmall  quantity  of  fulphat 
of  lead  be  mixed  with  the  tartrite  it  will  firft  be 
totally  rediflblved,  and  in  a ferv  minutes  after 
will  become  fomewhat  turbid.  This  latter  is 
the  exacft  point  to  be  defired,  as  it  indicates  a 
flight  excefs  of  fulphuric  acid,  and  the  liquor 
may  be  brought  to  this  ftate  by  adding  either 
more  fulphuric  acid,  or  fome  referred  tartrite 
of  lime,  according  to  circumftances. 

In  the  above  mentioned  mode  of  obtaining 
tartareous  acid,  chalk,  or  carbonat  of  lime,  is 
ufed  to  decompofe  the  cream  of  tartar,  which 
it  does  merely  by  engaging  the  excefs  of  acid 
and  leaving  the  remainder  of  the  fait  in  the 
ftate  of  tartrite  of  potafh.  But  if  quick-lime 
be  fubftituted  to  the  chalk,  the  whole  of  the 
cream  of  tartar  is  decompofcd,  a much  larger 
quantity  of  tartrite  of  lime,  and  confequently  of 
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tartareous  acid,  is  obtained,  and  the  fuperna- 
tant  liquor  is  a folution  of  cauftic  potafti.  It 
has  been  found  however  by  Vauquelin,  that  the 
potafti  retains  a fmall  quantity  of  tartrite  of 
lime  in  folution,  fo  that  when  the  alkaline  li- 
quor is  evaporated  nearly  to  drynefs  it  gelati- 
nizes by  cooling,  owing  to  the  feparation  of  this 
calcareous  fait.  It  may  be  decompofed  by  car- 
bonat of  potafli  or  focia,  vi  hich  produces  car- 
bonat of  lime  and  tartrite  of  the  alkali  em- 
ployed : or  the  tartareous  acid  may  be  deftroyed 
by  calcination,  and  the  lime,  carbonated  in  the 
procefs,  will  remain. 

In  ufing  lime  to  decompofe  cream  of  tartar, 
the  quantity  to  be  added  is  not  fo  readily  after- 
tained  as  with  chalk,  where  the  celTation  of  the 
eft'erveftence  is  the  fign  of  the  faturation  of  the 
acid.  Where  the  lime  is  well  burnt  and  of  uni- 
form purity,  a little  experience  will  guide  the 
operator  with  fufficient  certainty.  Calculating 
from  the  obferved  proportions  of  acid  in  the 
tartar,  and  of  chalk  required  in  the  firft-men- 
tioned  procefs,  and  of  pure  lime  in  chalk,  we 
may  eftimate  that  all  the  acid  in  100  parts  of 
cream  of  tartar  (which  Thenard ' reckons  at 
57  per  cent.)  will  require  full  42  parts  of  pure 
lime  for  its  faturation,  and  fomewhat  more  lime 
ftiould  perhaps  be  added  to  enfure  the  complete 
decompofition  of  the  tartar.  The  lime  ftiould 
be  previoufly  flacked  and  mixed  with  fufficient 
water  to  bring  it  to  the  confiftence  of  pafte. 

Lowitz  has  propofed  another  method  which 
is  perhaps  preferable  in  every  refpedi,  except 
that  it  is  fomewhat  more  expenfive,  and  that  no 
cauftic  alkali  is  obtained.  It  confifts  firft  in 
decompofing  the  cream  of  tartar  by  chalk  in 
the  ufual  way,  added  as  long  as  any  effervef- 
cence  takes  place ; and  then  pouring  into  the 
filtered  fupernatant  liquor  niuriat  of  lime  as 
long  as  any  precipitate  falls  down.  By  this 
means  the  tartrite  of  potafli  in  the  liquor  is  to- 
tally decompofed,  muriat  of  potafh  remains  in 
folution,  and  the  precipitated  tartrite  of  lime  is 
added  to  that  produced  by  the  chalk;  and  both 
are  afterwards  decompofed  by  fulphuric  acid  in 
the  ufual  way.  The  fame  chemift  alfo  advifts  to 
add  to  the  folution  of  tartareous  acid  in  the  laft 
part  of  the  procefs  a quantity  of  Charcoal  powder, 
the  depurating  power  of  which  has  been  men- 
tioned under  that  article.  This,  however,  is  cer- 
tainly not  eflential  to  the  obtaining  a perfedlly 
fine  colourlefs  cryftallized  acid,  and,  we  believe, 
is  feldom  if  ever  ufed. 

Tartareous  acid  has  a ftrong  and  Amply  acid 
tafte,  and  is  foluble  in  five  or  fix  parts  of  cold- 
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water,  and  in  much  lefs  when  boiling.  The 
cryftals  are  permanent  in  the  air,  ■ 

Vv'”hen  heated  fe  in  a retort  with  a receiver 
this  acid  melts,  boils  up,  and  exhales  a four 
pungent  vapour,  which  condenfes  in  the  re- 
ceiver into  a red  acid  empyreumatic  liquor, 
equal  to  about  a quarter  of  the  weight  of  the 
tartareous  acid. 

This  liquor  has  a pungent  acid  and  empy- 
reumatic talte,  llrongly  reddens  litmus,  and 
effervefees  with  the  alkaline  carbonats.  It  is 
called  the  Fyrotartareous  acid,  which  has  not 
been  much  examined.  The  other  produfts 
from  the  diftillation  of  tartareous  acid,  are  a 
large  quantity  of  carburetted  hydrogen  and  car- 
bonic acid  gas,  and  a foft  fpongy  coal  is  left  in 
the  retort,  which,  heated  in  the  open  air,  burns 
with  fcarcely  any  refidue. 

The  tartareous  acid,  befides  being  found  na- 
tive in  fome  vegetable  juices,  and  in  the  depofit 
from  wine  during  and  after  fermentation,  is 
alfo  produced  by  the  adHon  of  nitric  acid  on 
alcohol.  A further  digellion  of  tartareous  with 
nitric  acid  converts  the  former  into  oxalic  acid, 
and  a ftill  further  digeftion  changes  the  whole 
of  the  vegetable  acid  into  vinegar.  Thefe  cu- 
rious experiments  which  were  at  firft  noticed 
by  Scheele,  have  been  more  fully  examined  by 
Hermbftaedt  and  other  chemifts,  and  are  de- 
tailed under  the  article  Acetous  acid  (p.  4.) 

The  compounds  of  the  tartareous  acid  with 
the  alkaline  and  earthy  bafes,  will  be  mentioned 
in  the  following  article. 

This  acid  is  compofed,  according  to  Four- 
croy  ^ and  Vauquelln,  of  70.5  of  oxygen,  19 
of  carbon,  and  to.5  of  hydrogen,  and  differs 
from  the  oxalic  acid  in  containing  more  carbon 
and  lefs  oxygen.  The  order  of  affinity  of  this 
acid  for  the  feveral  bafes  is  (according  to  The- 
nard)  lime,  barytes,  ftrontian,  potaffi,  foda,  am- 
monia, magnefia,  and  alumine. 

TARTRITES. 

The  diftineft  combinations  of  the  tartareous 
acid  with  the  feveral  bafes,  are  particularly  nu- 
merous, as  with  fome  it  forms  two  falts,  dif- 
fering in  the  proportions  of  acid  and  bafe,  and 
as  it  is  peculiarly  liable  to  form  triple  falts  in 
which  two  bafes  are  united  with  their  refpecTive 
portion  of  acid  into  one  uniform  compound. 

All  the  foluble  alkaline  and  earthy  tartrites 
are  decompofed  by  the  falts  of  lead,  and  the 
acid  of  all  is  deftroyed  by  calcination,  leaving 
the  bafe  in  the  ftate  of  carbonat. 

SuPER-TARTRITE  OF  PoTASH.  Cream  of 
Tartar.  Tartareous  Aciduluin. 


The  origin  and  manufaclure  of  this  fait  has 
been  mentioned  under  the  article  Tartar.  It  is 
compofed  of  potafli  and  tartareous  acid  in  ex- 
cefs,  and  hence  has  an  acid  tafte  and  reddens 
blue  vegetable  colours.  It  is  foluble  with  great 
difficulty,  requiring  about  30  parts  of  boiling 
water,  and  full  120  parts  of  cold  water,  and 
hence  a hot  faturated  folution  begins  to  depofit 
cryltals  almolt  immediately  after  it  begins  to 
cool. 

The  affinity  between  the  tartareous  acid  and 
that  proportion  of  potaffi  which  conllitutes  the 
fuper-tartrite,  is  fo  great  that  the  acid  of  tartar 
will  decompofe,  partially  or  totally,  all  the  neu- 
tral falts  of  potaffi,  even  the  fulphat.  But  on 
the  other  hand,  the  affinity  between  the  fuper- 
tartrite  and  that  additional  quantity  of  potaffi 
which  is  neceffary  for  complete  faturation  of 
this  acid,  (or  which  conftitutes  the  tartrite  of 
potaffi,)  is  much  weaker  than  that  of  moft  other 
acids  for  potaffi,  and  hence  arifes  a great  num- 
ber of  decompofitions  when  tartareous  acid, 
potaffi,  and  any  other  acid  are  mixed  in  dif- 
ferent ways.  Thus  if  a folution  of  tartareous 
acid  is  poured  into  a folution  of  fulphat  of  pot- 
affi, rather  concentrated,  in  a few  feconds  the 
mixture  becomes  turbid,  and  foon  a quantity 
of  a white  granular  powder  falls  to  the  bottom, 
which  is  cream  of  tartar,  and  may  be  diftin- 
guiffied  as  fuch  (when  rinced  with  cold  water) 
by  feeling  hard  and  granular  in  the  mouth, 
with  a (lightly  acidulous  tafte,  being  much 
more  foluble  in  boiling  than  in  cold  water,  and 
when  heated  by  the  blow-pipe,  blackening, 
fwelling  up,  and  finally  being  reduced  to  a glo- 
bule of  pure  carbonat  of  potaffi.  The  fuper- 
natant  liquor  confifts  of  the  remainder  of  the 
potaffi  of  ffie  fait,  united  with  the  whole  of  the 
lulphuric  acid,  and  no  further  addition  of  tar- 
tareous acid  will  complete  the  decomp  fition. 
Two  acidulous  falts  therefore  are  produced  in 
this  cafe,  the  fuper-tartrite  and  the  fuper-ful- 
phat  of  potafli,  of  which  the  former  is  moftly 
precipitated,  and  the  latter  remains  in  folution. 
On  the  other  hand,  a produ£lion  of  cream  of 
tartar  takes  place  when  dilute  fulphuric  or  any 
other  acid  is  added  to  tartrite  of  potaffi.  The 
acid  added  takes  away  from  the  tartrite  only 
that  quantity  of  potaffi  which  makes  the  dif- 
ference between  the  tartrite  and  the  fuper-tar- 
trite, and  the  latter  is  precipitated,  and  is  not 
further  added  on  by  any  excefs  of  the  fulphuric 
acid.  This  property  of  the  tartareous  acid,  of  de- 
compofing  the  neutral  falts  with  thebafis  of  pot- 
affi, is  very  ufeful  in  analyfis,  as  it  diftinguiflie* 
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them  at  once  from  the  correfponding  falts  of 
foda  and  ammonin,  which  are  not  decompofed 
in  the  fame  way. 

By  faturating  the  excefs  of  acid  In  cream  of 
tartar  with  the  feveral  bafes  (potafli  excepted ) 
various  compound  or  triple  falts  are  produced, 
which  will  be  mentioned  prefently. 

To  obviate  the  inconvenience  fometimes 
produced  by  the  very  fparing  folubility  of 
cream  of  tartar,  Lemery  has  recommended  the 
addition  of  borax.  But  as  this  latter  fait  con- 
tains an  excefs  of  alkali,  it  Is  obvious  that  the 
acid  of  the  tartar  would  be  neutralized,  and  a 
very  different  fait  would  be  produced,  namelv, 
the  tartrite  of  potafli  and  foda,  or  Rochelle 
fait,  which  will  be  prefently  defcribed,  and 
which  of  itfelf  is  highly  foluble  without  the 
affiftance  of  borax.  It  appears  however  that 
fimple  boracic  acids  has  the  power  of  render- 
ing four  times  its  weight  of  cream  of  tartar 
foluble  in  as  little  as  five  or  fix  parts  of  hot 
water,  and  probably  without  effe£l:ing  any  de- 
compofition  of  the  tartar,  fince  the  boracic 
acid  is  known  to  be  remarkably  weak  in  its 
affinity  for  the  feveral  bafes. 

If  a folution  of  cream  of  tartar  in  water  is 
expofed  to  the  air  for  aJength  of  time,  it  gra- 
dually becomes  turbid,  a number  of  mucous 
flocculi  are  depofited,  and  in  the  courfe  of 
fome  months  it  ceafes  to  be  acidulous,  after 
which  it  becomes  fenfibly  alkaline  to  the  tafte 
and  to  chemical  tells,  and  it  is  finally  con- 
verted into  a weak  folution  of  carbonat  of  pot- 
afh,  the  tartareous  acid  totally  difappearing, 
and  carbonic  acid  taking  its  place.  Fire  ope- 
rates a more  rapid  deftru£lion  of  the  tartareous 
acid,  for  if  cream  of  tartar  is  calcined  In  an 
open  fire  with  a red  heat.  It  firll  foftens,  black- 
ens, becomes  of  a pally  confiflence,  the  acid 
burns  off  with  flame  and  fmoke,  and  finally  a 
white  carbonat  of  potafli  is  left.  The  alkali 
procured  in  this  way  is  very  pure,  and  is  often 
obtained  for  the  laboratory  by  moiftening 
crude  tartar  or  cream  of  tartar  to  the  confifl- 
ence of  fliff  pafle,  wrapping  up  fmall  parcels 
of  It  in  brown  paper,  and  arranging  them  in  a 
grate  or  furnace  of  any  kind  with  charcoal,  and 
kindling  it.  After  the  charcoal  has  burnt  out, 
the  tartar  is  converted  into  lumps  of  carbonat 
of  potafli,  which  flill  cohere,  and  may  be  rea- 
dily picked  out  of  the  afhes  *of  the  charcoal. 
A very  pure  carbonat  of  potafli  may  alfo  be 
made  by  deflagrating  in  a red-hot  crucible 
equal  parts  of  nitre  and  cream  of  tartar. 

This  fait  is  compofed,  according  to  The- 


nard,*'  of  57  per  cent,  of  tartareous  acid,  and 
33  of  potafh,  the  remaining  10  parts  being 
chiefly  water  of  cryflallization.  Of  thefe  57 
parts  of  acid,  20  are  in  excefs,  fo  that  the 
compofition  of  the  fait  may  be  flated,  in  a dif- 
ferent manner,  to  be  70  per  cent,  of  tartrite 
of  potafli,  and  20  of  tartareous  acid.  The 
mode  of  analyfis  will  be  mentioned  in  the  next 
fedlion. 

Cream  of  tartar  Is  decompofed  by  lime  and 
barytes,  and  probably  by  flrontian,  and  cauflic 
potafh  Is  left  in  the  folution. 

Tartrite  of  Potash,  or  Soluble  Tartar. 
This  fait,  which  is  compofed  of  tartareous  acid 
and  potafli  in  mutual  faturation,  is  prepared 
the  niofl  conveniently  by  adding  cream  of  tar- 
tar to  a hot  folution  of  carbonat  of  potafli.  A 
brifk  efl'ervefcence  takes  place,  and  the  addition 
of  the  cream  of  tartar  fliould  be  continued  till 
this  ceafes,  after  which  the  folution  fliould  be 
boiled  down  till  a pellicle  appears  on  the  fur- 
face,  and  then  left  to  cryflallize  by  cooling. 
The  tartrite  of  potafh  then  feparates  generally 
in  the  form  of  parallellpepids,  with  dihedral 
fumniits.  When  this  fait  is  prepared  in  the  large 
way  for  medicinal  purpofes  the  evaporation  is 
continued  nearly  to  drynefs,  with  frequent  flir- 
ring,  by  which  the  fait  is  obtained  in  a fliapelefs 
granular  mafs. 

Tartrite  of  potafh  has  a bitterifli  fallne  tafle, 
Is  fomewhat  deliquefeent,  and  is  foluble  in 
about  four  parts  of  cold  water,  fo  that  in  folu- 
bility it  remarkably  exceeds  cream  of  tartar. 

It  is  partially  decompofed  by  the  ftronger 
acids,  which  abflrafl  a portion  of  its  alkali, 
whilfl  the  whole  of  the  tartareous  acid  remains 
in  union  with  the  remaining  alkali  in  the  form 
of  cream  of  tartar,  as  already  mentioned  in  ths 
preceding  fe£lion.  Tartareous  acid  dropped 
into  a moderately  ftrong  folution  of  tartrite  of 
potafli  alfo  caufes  an  immediate  depofit  of 
cream  of  tartar. 

Tartrite  of  potafli  contains,  according  to 
Thenard,'  48  per  cent,  of  tartareous  acid,  and 
43  of  potafh,  the  reft  being  chiefly  water  of 
cryflallization.  This  he  eftimates,  lit,  by  heat- 
ing the  fait  to  perfedt  drynefs,  avoiding  its  de- 
compofition  ; 2d,  by  diflblving  the  remainder 
in  water,  and  decompofing  it  by  acetited  lead, 
and  colledling  the  tartrite  of  lead  thus  pro- 
duced, (which  laft  by  previous  experiments,  he 
finds  to  confift  of  34  per  cent,  of  tartareous 
acid,  and  66  of  oxyd  of  lead) ; and,  3d,  by 
evaporating  the  remaining  folution  of  acetite  of 
potafli  to  drynefs,  calcining  it,  diflblving  the 
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reudual  carbonat  of  potam  in  nitric  acid,  and 
converting  it  to  nitrat  of  potafli,  which  laft  he 
eftimates  to  contain  53  per  cent,  of  potafli.  By 
the  I ft  procefs  therefore  the  water  of  cryftalli- 
zation  is  afcertained;  by  the  2d,  the  tartareous 
acid;  and  by  the  3d,  the  potafli. 

Tartr  'ite  oj  Potajb  and  Soda.  Salt  of  Seignette. 
Rochelle  Salt. 

ft'his  is  a triple  cryftallizable  fait  firft  difco- 
vercd  by  a perfon  of  the  name  of  Seignette,  at 
La  Rochelle,  and  introduced  by  him  into  medi- 
cine. It  is  prepared  in  the  following  way  : boil 
fome  water,  throw  into  it  about  a fifth  of  its 
weight  of  cream  of  tartar,  and  then  add  by 
degrees  a quantity  of  carbonat  of  foda,  as  long 
as  any  effervefceiice  is  excited.  In  proportion 
as  the  excefs'of  acid  in  the  cream  of  tartar 
becomes  faturated  with  the  foda,  the  fait  gra- 
dually difappears,  and  is  finally  held  in  perfedH 
folution  in  the  liquid.  Evaporate  the  whole  to 
the  coiififteiice  of  fyrup,  and  by  cooling  it  will 
yield  the  triple  tartrite  or  Rochelle  fait,  in 
large  tranfparent  beautiful  cryftals,  generally 
of  the  form  of  eight- fided  prifms.  Tliefe  are 
often  found  divided  longitudinally  through  the 
axis. 

This  fait  Is  perfedbly  neutral,  diflblves  in 
about  five  parts  of  water,  has  a bitterlfli  faline 
tafte,  and  fomewhat  efflorefees  by  expofure  to 
the  air..  It  is  totally  decompofed  by  barytes 
and  lime,  and  the  fupernatant  liquor  then  con- 
tains a mixture  of  potafli  and  foda.  It  is  com- 
pofed,  according  to  Vauquelin,  of  about  54  per 
cent,  of  tartrite  of  potalh  and  46  of  tartrite  of 
foda. 

It  is  decompofed,  like  the  Ample  tartrite  of 
potafli,  by  the  ftronger  acids,  and  cream  of 
tartar  is  produced. 

Tartrite  of  Potafo  and  Amnionia. 

'Ehis  triple  fait  is  prepared  in  the  fame  gene- 
ral manner  as  the  preceding,  by  faturating  the 
cream  of  tartar  with  carbonat  of  ammonia;  and 
by  evaporation  and  cooling  the  triple  fait  is 
feparated.  When  expofed  to  the  air  it  efflo- 
refees,  and  after  a time  lofes  its  ammonia,  and 
returns  to  the  ftate  of  fimple  cream  of  tartar. 

Tartrite  of  Poiafj  and  Lime,  Barytes,  ijfc. 

Though  lime  will  compleatly  decompofe  any 
alkaline  tartrite,  as  is  fliewn  in  the  preparation 
of  the  tartareous  acid,  there  appears  to  exift  a 
certain  affinity  between  tartrite  of  potafli  and 
lime,  which  tends  to  the  formation  of  a triple 
fait.  Thus  though  fimple  tartrite  of  lime  is 
infoluble  In  cold  water,  no  precipitate  is  pro- 
duced by  tlie  alfufion  of  a fmall  quantity  of 
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lime-water  into  a cold  folution  of  tartrite  of 
potafli,  which  muft  therefore  be  owing  to  the 
tartrite  of  lime,  then  formed,  being  rendered 
foluble  by  the  remaining  tartrite  or  rather  fub- 
tartrite  of  potalh  1 Even  wdien  cream  of  tartar 
is  as  completely  as  poffible  decompofed  by  lime 
in  fubftance,  in  the  procefs  of  obtaining  the 
acid  the  cauftic  alkaline  liquor,  fupernatant 
over  the  precipitated  tartrite  of  lime,  ftiil  holds 
a fmall  quantity  of  the  latter  In  folution,  as  has 
been  remarked  by  Vauquelin,  w'hicli  may  be 
confidered  as  a triple  fait  of  tartareous  acid, 
lime,  and  potafli,  the  latter  being  in  very  large 
excefs. 

The  fame  applies  to  barytes  and  ftrontian, 
the  folutions  of  wffiich  do  not  immediately  give 
a precipitate  with  tartrite  of  potafli;  and  even 
If  tartrite  of  barytes  or  of  ftrontian  recently 
formed  and  ftill  w'et  be  put  into  a folution 
of  tartrite  of  potafli,  it  is  foon  diflblved  ; 
though  the  mere  quantity  of  liquid  prefent 
would  be  entirely  unable  to  effedb  a folution. 
There  is  therefore  fuch  a ftrong  affinity  be- 
tween tartrite  of  potafli  and  thefe  earthy  tar- 
trltes  as  may  perhaps  entitle  us  to  confider 
thefe  compound  folutions  as  triple  falts,  though 
they  have  not  been  obtained  in  a cryftallized 
form  like  the  triple  tartrite  of  potafli  and  foda. 

Alumine  unites  with  ftill  greater  eafe  with 
tartrite  of  potafli : for  when  this  earth,  recently 
precipitated  from  alum  by  a cauftic  or  carbon- 
ated alkali,  and  ftill  wet,  is  transferred  to  a fo- 
lution of  tartrite  of  potafli,  it  readily  diflblves 
therein,  and  forms  an  uncryftallizable  com- 
pound which  is  not  rendered  turbid  by  any 
addition  of  potafli  or  its  carbonat.  This  laft 
circumftance  might  lead  to  the  luppofition  that 
alumine  has  a ftronger  affinity  for  tartareous 
acid  than  potafli  has,  but  it  is  contradibled  by 
the  fadl,  that  in  this  cafe  there  is  not  the  leaft 
excefs  of  potafli  in  the  liquid ; fo  that  the  alu- 
mine  does  not  difplace  the  alkali  from  the  tar- 
tareous acid,  but  unites  with  them  both  into  a 
triple  compound.  The  Rochelle  fait  has  the 
fame  habitude  with  alumine  as  the  fimple  tar- 
trite.of  potafli,  which  therefore  forms  a qua- 
druple compound  of  tartareous  acid,  potafli, 
foda,  and  alumine. 

Tartrite  of  Soda.  When  the  tartareous 
acid  is  faturated  wdth  foda,  a fait  is  produced, 
which  by  due  evaporation  may  be  obtained  in 
fmall  needled  cryftals,  and  is  the  tartrite  of  foda. 
This  fait  (with  which  the  Rochelle  fait  was 
formerly  confounded)  is  not  very  foluble  in 


TA  R 


TEL 


water.  When  tavtrite  of  potafli  is  added  to 
this  fait,  each  in  faturated  folution,  large  cryf- 
tals  of  the  triple  tartrite,  or  Rochelle  fait  are 
immediately  depofited. 

A Super-Tartrite  of  Soda  Is  formed  by  parti- 
ally laturatliig  tartareous  acid  with  foda  j and 
alfo  by  adding  a ftrong  acid  to  the  faturated 
tartrite,  which,  analogous  with  the  cream  of 
tartar,  is  lefs  foluble  than  the  faturated  com- 
pound, and  therefore  precipitates.  Tartareous 
acid  however  will  not  form  an  acidulous  tar- 
trite (at  leaft  not  vlfibly)  when  added  to  the 
fulphat  and  other  falts  of  foda,.  as  it  will  with 
the  falts  of  potafh. 

Tartrite  of  Ammonia. 

This  fait  is  formed  by  faturating  the  tartare- 
ous acid  with  ammonia  or  its  carbonat.  It 
cryftaliizes  readily,  and  is  decompofed  by  the 
fixed  alkalies  and  alkaline  earths. 

A Super-Tartrite  of  Ammonia  is-  formed  in  a 
Cmilar  manner  to  the  fuper-tartritc  of  foda, 
and  with  the  fame  exception  of  the  acid  not 
vifibly  decompofing  the  other  ammoniacal  falts. 

Earthy  Tartrites. 

When  tartareous  acid  is  added  to  any  foluble 
fait  of  lime,  or  lime  to  a foluble  tartareous  fait, 
a white  precipitate  is  produced  which  Is  the 
Tartrite  of  Lime,  This  earthy  fait  is  infoluble 
in  mere  water  at  a common  temperature,  but  it 
diflblves  readily  in  an  excefs  of  its  own,  or  of 
any  other  acid  that  does  not  decompofe  it ; fuch 
as  the  acetous  or  muriatic.  It  alfo  is  rendered 
foluble  in  water  by  the  addition  of  potafh  as 
already  mentioned  under  the  head  of  Tartrite 
of  potafh.  When  heated  flrongly  in  an  open 
fire  the  whole  of  the  acid  is  confumed,  and 
carbonat  of  lime  remains. 

Tartrite  of  Barytes  and  Strontian  are  formed 
in  the  fame  manner  as  tartrite  of  lime.  They 
are  not  however  fo  infoluble  in  water  as  this 
fait,  and  the  tartrite  of  ftrontian  will  even  cry- 
ftallize  from  its  hot-faturated  folution  by  cool- 
ing. 

With  Magnefta  and  Alumine  this  acid  forms 
very  foluble  compounds,  which  do  not  cryflal- 
lize  by  evaporation,  but  dry  up  into  a gummy 
mafs. 

Of  all  the  tartrites,  the  cream  of  tartar  is 
the  only  one  employed  in  the  arts,  which,  with 
the  tartrite  of  potafh  and  Rochelle  fait,  is  alfo 
ufed  in  medicine. 

TELESIA.  See  Corundum. 

▼OL.  n. 
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TELLURIUM. 

Tellurium  is  a brittle  metal,  nearly  as  fufible 
as  lead,  and  eafily  volatilizable ; it  burns  rapidly 
before  the  blowpipe  with  a greenifli-blue  flame, 
and  is  not  much  more  than  fix  times  as  heavy 
as  water. 

§ l . Ores  of  Tellurium. 

Tellurium  has  hitherto  been  found  only  In  the 
native  metallic  ftate,  and  therefore,  properly 
fpeaking,  there  is  but  one  fpecies;  as,  however, 
it  occurs  in  combination,  or  at  leaft  mixed,  with 
gold  and  other  metals  in  various  proportions, 
this  fpecies  may  conveniently  be  divided  into 
the  four  following  fub-fpecies. 

Sp  I.  Native  Tellurium. 

i Suhfp.  White  native  Tellurium. — Gediegen 
Sylvan,  Wern.  Tellur e natif  aurifere  et f err  if  ere, 
Hauy.  Sylvane  natif,  Broch.  Sylvanite,  Kirw. 
Aurum  paradoxum,  or prohlematicum  of  the  older 
writers. 

Its  colour  is  tin-white,  pafling  into  filver- 
white  : it  occurs  maflive  and  diffeminated  : it 
pofTefles  a ftrong  metallic  luftre : its  fraclure  is 
foliated  : it  prefents  fmall  granular  diftin£l:  con- 
cretions : it  is  foft  and  flightly  dudtile.  Sp.  gr. 
5.7  to  6.1. 

Before  the  blowpipe  it  melts,  Inflam.es,  and 
is  for  the  moft  part  volatilized  in  the  form  of  a 
denfe  white  vapour,  its  component  parts,  ac- 
cording to  Klaproth,  are 

92.55  Tellurium 
7.2  Iron 
0.25  Gold 


ICO  . . 


The  proportion  of  gold  in  this  fubftance  is 
liable  to  confiderable  variation  ; one  fpecimen, 
examined  by  Klaproth,  afforded  him  no  lefs 
than  9 per  cent. 

It  has  hitherto  been  found  only  at  Fatzebay, 
in  Tranfylvania,  where  it  has  long  been  worked 
as  a gold  ore ; It  is  at  prefent  however  very 
fcarce.  It  forms  veins  in  tranfition  mountains, 
particularly  grauwakke  and  tranfition  limeftone, 
and  is  accompanied  by  quartz,  lithomarga, 
iron,  pyrites,  blende,  and  galena. 

It  was  for  a long  time  miftaken  for  auriferous 
antimony,  to  which  it  bears  a great  refemblance. 

2 Subfp.  Grey  native  Tellurium. — Schrifterz, 
Wern.  Sylvane  graphique,  Broch.  Teliure 
natif  graphique,  Hauy.  Aurum  gtaphicum,  of 
the  older  writers. 

Its  colour  is  light  fteel-grey.  It  occurs  maf- 
five,  and  cryftallized  in  flattened  tetrahedral  or 
hexahedral  prifms,  either  with  or  without  te- 
3 F 
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trahedral  fummits.  The  cryftals  are  fmall  and 
arranged  in  rows,  generally  on  the  furface  of 
fome  other  mineral : it  not  unfrequently  hap- 
pens, that  to  the  extremities  of  the  prifms  are 
attached  others,  at  right  angles,  giving  the 
whole  row  the  appearance  of  a line  of  Turkifh 
letters  or  Perfepolitan  characters;  from  which 
circumltance  is  derived  the  trivial  name  of  this 
mineral.  Externally  it  is  fmooth,  and  fliining 
with  a metallic  luftre.  Its  fraClure  is  fine- 
grained, uneven  : its  fragments  are  indetermi- 
nately angular,  lharp-edged.  It  is  foft,  brittle, 
and  eafily  frangible.  Sp.  gr.  5.72.  It  is  com- 
pofed,  according  to  Klaproth,  of 
60  Tellurium 
30  Gold 
xo  Silver 


100. 


It  occurs  at  OfFenbanya,  in  Tranfylvania,  in 
veins  in  a mountain  compofed  of  fienitic  por- 
phyry and  granular  lime-ftone,  and  is  accompa- 
nied by  quartz,  iron  pyrites,  fahlerz,  and 
blende. 

3 ^“PfP‘  Yellow  native  Tellurium. — Weifs 
Sllvanerz,  Wern.  Silvane  blanc,  Broch.  Tel- 
lure  7iat  'ij  aurifere  ei plombifere,  Hauy.  Gelberz^ 
Karften. 

Its  colour  is  filver-white,  inclining  ftrongly 
to  brafs-yellow,  and  fometimes  to  grey.  It  oc- 
curs difleminated,  and  in  minute,  imbedded, 
acicular  tetrahedral  prifms.  Externally  it  has  a 
bright  metallic  luftre,  internally  it  is  but  feebly- 
Ihining.  Its  longitudinal  fradlure  is  foliated, 
its  crofs  fraClure  is  fmall-grained,  uneven.  It  is 
foft,  and  moderately  brittle.  Sp.  gr.  ro.67. 
It  is  compofed,  according  to  Klaproth,  of 

44.75  Tellurium 

26.75  Gold 

19.5  Lead 

8.5  Silver 
0.5  Sulphur 


100  . 


It  is  lound  at  Nagyag,  in  Tranfylvania,  in 
quartz  and  brown  fpar,  accompanied  by  the 
following  fubfpecies,  and  by  blende,  fahlerz, 
and  copper  pyrites. 

4 Subfp.  Black  nativeTellurium.  Nagyngarz, 
Wern.  Silvane  I amelleux^  Broch.  Tellure  iiatif 
rurifere  el  plombifere^  Plauy.  Blattererz,  Kar- 
itcn. 

• Analyt.  Eff. 


Its  colour  is  between  iron-black  and  deep 
lead  grey.  It  occurs  in  mafs,  difleminated,  or 
cryftallized  in  thin  longifh  hexagonal  tables, 
ceilularly  accumulated.  Externally  it  Is  brightly 
ftiining ; internally,  lefs  fo,  with  a metallic 
luftre.  Its  fratbure  is  curved  foliated ; the 
malfive  variety  prefents  coarfe-grained  diftln£l 
concretions.  It  foils  the  fingers  a little;  is 
foft,  fertile,  flexible  in  thin  lamlnse.  Sp.  gr. 
8.9.  It  is  compofed,  according  to  Klaproth,  of 
54.  Lead 
32.2  Tellurium 
9.  Gold 
0.5  Silver 
1.3  Copper 
3.  Sulphur 


100 . 


It  occurs  at  Nagyag,  in  Tranfylvania,  In  1 
matrix  of  quartz  and  red  manganefe,  accom- 
panied by  galena,  iron  pyrites,  blende,  anti- 
mony, fahlerz,  and  realgar.  ^ 

§ 2.  Analyfts  of  Ores. 

The  beft  analyfes  that  we  poflefs  of  the  ores 
of  Tellurium,  are  by  Klaproth  to  whom  in- 
deed the  difcovery  of  this  metal  is  principally 
owing.  In  order  to  decompofe  the  firft  fub- 
fpecies, this  excellent  chemift  purfued  the  fol- 
lowing method. 

(a)  The  ore,  feparated  as  much  as  poflible 
from  its  ftony  matrix,  and  finely  pulverized, 
was  digefted  in  fix  parts  of  warm  muriatic  acid, 
to  which  were  added,  cautioufly  and  at  inter- 
vals, three  parts  of  nitric  acid.  The  compound 
acid  a£led  violently  on  the  ore,  and  took  up 
the  whole  of  it  except  the  quartzoze  matrix. 

(b ) The  acid  folution  being  diluted  with  as 
much  water  as  it  would  bear  without  decompo- 
fitlon,  was  combined  with  cauftic  fixed  alkali, 
upon  which  a copious  precipitate  fell  down  ; 
more  alkali  was  then  added,  till  the  whole  of 
the  precipitate  that  was  refoluble  in  this  men- 
ftruum  was  taken  up.  There  remained  behind 
a dark-brown  flimy  refidue,  confifting  of  the 
oxyds  of  gold  and  iron. 

(c)  The  refidue  of  b was  then  diflblved  in 
nitro-muriatic  acid,  to  which  was  afterwards 
added,  drop  by  drop,  nitrat  of  mercury,  pre- 
pared in  the  cold,  as  long  as  the  precipitate 
thus  formed  appeared  of  a brown  colour.  This 
precipitate,  confifting  of  gold  and  muriat  of 
mercury,  was  then  pretty  ftrongly  ignited  in  a 
vol.  ii.  p.  I. 


TEL 


TEL 


( 4II  ) 


crucible  with  borax,  by  which  the  mercury  was 
driven  off,  and  a button  of  pure  gold  remained. 

(d)  To  the  nitro-muriatic  folution  Cy  was 
now  added  cauftic  alkali,  by  which  the  oxyd  of 
iron  was  thrown  down. 

(e)  The  alkaline  folution  ^ was  accurately 
faturated  with  muriatic  acid,  and  then  heated, 
by  which  a white  heavy  powder  was  obtained ; 
which,  after  being  walhed  in  a mixture  of  equal 
parts  of  alcohol  and  water,  and  then  gently 
dried,  was  pure  oxyd  of  Tellurium. 

The  fecond  fubfpecies  was  treated  in  the  fol- 
lowing manner. 

[a)  The  finely  pulverized  ore  was  digefted 
In  nitro-muriatic  acid  till  nothing  more  was 
taken  up. 

[b)  The  infoluble  refidue,  confifting  of 
quartz  and  muriat  of  filver,  was  fufed  with  five 
times  its  weight  of  carbonated  foda,  by  which 
the  filver  was  obtained  in  the  metallic  ftate. 

[c)  The  nitro-muriatic  folution  being  con- 
centrated by  evaporation,  was  largely  diluted  by 
alcohol,  upon  which  the  oxyd  of  Tellurium  pre- 
cipitated; and  this  being  re-diflblved  in  muriatic 
acid,  was  obtained  in  black  metallic  flocculi,  by 
means  of  a bar  of  polilhed  iron. 

{d)  The  nitro-muriatic  folution  c,  after  fe- 
paration  of  the  tellurium,  contained  only  gold, 
which  was  procured  by  the  addition  of  a folu- 
tion of  green  fulphat  of  iron. 

The  analyfis  of  the  third  fubfpecies  was 
fomewhat  more  complicated. 

{a)  400  grains  of  the  pulverized  ore  were 

digefted  with  nitric  acid,  till  every  thing  foluble 
in  this  fluid  had  been  taken  up. 

[b)  The  nitrous  folution  was  combined  with 
muriatic  acid,  as  long  as  any  precipitation  took 
place;  by  this  there  was  obtained  51  grs.  of  a 
white  powder,  of  which  43  grs.  were  again  re- 
foluble  in  boiling  water.  The  infoluble  portion, 
amounting  to  8 grs.  was  muriated  filver. 

If)  The  folution  containing  the  43  grs. 
above  mentioned,  was  concentrated  by  gradual 
evaporation,  and  afforded  delicate  needleform 
cryftals  of  muriated  lead. 

[d)  The  refidue  of  a,  infoluble  in  nitric  acid, 
was  then  treated  with  nitro-muriatic  acid,  as 
long  as  any  thing  was  taken  up  : the  folution 
was  mixed  with  the  nitro-muriatic  folution  b, 
and  reduced  by  evaporation  till  it  ceafed  to 
depofit  muriat  of  lead : 1 1 grs.  were  thus  ob- 
tained. 

{e)  To  the  concentrated  folution  d,  was  ad- 
ded cauftic  potafti  in  excefs,  which  threw  down 
a copious  blackifh-brown  precipitate ; this  being 
feparated,  the  alkaline  liquor  was  faturated 


with  muriatic  acid,  and  the  white  precipitate 
thus  obtained  being  again  diflbived  in  muriatic 
acid,  and  then  precipitated  by  means  of  a (tick 
of  zinc,  afforded  8 5 grs.  of  metallic  Tellurium. 

{f)  The  blackifli-brown  precipitate  of  e was 
diffolved  in  nitro-muriatic  acid,  and  the  liquor 
was  nearly  faturated  with  cauftic  potafh  ; ni- 
trated mercury  was  then  added,  till  the  pre- 
cipitate began  to  be  white.  This  precipitate 
being  feparated  by  the  filter,  and  waflied,  the 
filter,  with  its  contents,  was  ignited  in  a cru- 
cible, and  a little  nitre  being  added,  the  fire  was 
increafed,  and  a button  of  pure  gold  was  thus 
obtained,  w^eighlng  S’^-IS  S’"®- 

(g)  The  remainder  of  the  nitro-rruriatic 
folution  f was  faturated  with  carbonated  potafli, 
and  a precipitate  was  obtained,  confifting  of 
oxyd  of  manganefe,  mixed  with  carbonated 
lime  and  a little  alumine  and  oxyd  of  iron. 

{h)  The  infoluble  refidue  of  d,  w'eighing 

120.5  grs.  and  confifting  chiefly  of  quartz,  was 
gently  heated,  by  which  it  loft  about  i gr. 
which  M’as  filphuri  being  then  mixed  with  four 
times  its  weight  of  carbonated  potafti,  and  fufed, 
there  was  obtained  a button  of fiver,  w'eighing 
10.125  g*"®* 

The  fourth  fubfpecies  was  analyfed  in  the 
following  manner. 

(a)  1000  grs.  of  the  pulverized  ore  w'cre 

digefted  with  lo  oz.  of  muriatic  acid,  to  w hich 
was  added,  by  degrees,  a little  nitric  acid : this 
being  poured  off,  5 oz.  more  of  muriatic  acid 
were  added,  by  which  every  thing  foluble  in 
this  menftruum  was  taken  up:  to  the  filtered 
folution  boiling  water  was  added,  to  re-dilTolve 
the  muriat  of  lead  which  had  begun  to  be  de- 
pofited. 

If)  Of  the  Infoluble  refidue  a part  had  co- 
hered into  a mafs,  and  was  for  the  molt  part 
fulphur, weighing  17.5  grs.;  being  gently  ignited, 
it  left  behind  3.5  grs.  of  a blackifh  matter 
which  w'as  diffolved  in  muriatic  acid,  and  added 
to  the  foregoing  folution.  Hence  the  fulphur 
of  the  ore  amounted  to  14  grs. 

(c)  The  remainder  of  the  infoluble  refidue 
was  for  the  moft  part  quartz,  and  weighed 

440.5  grs.  Being  melted  with  four  times  its 
weight  of  carbonated  potafti,  there  appeared, 
on  breaking  the  mafs,  a few  globules  of  filver, 
amounting  to  about  2.5  grs.  equivalent  to  3.5 
grs.  of  muriated  filver;  fo  that  the  quartzoze 
matrix  was  equal  to  437  grs. 

{d)  The  folution  a being  concentrated  by 
evaporation,  cryftals  of  muriated  lead  were  de- 
pofited,  to  the  amount  of  330  grs.  equivalent 
to  248  of  metallic  lead. 
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(c)  Having  thus  feparated  the  lead,  the  re- 
mainder of  the  folution  was  largely  diluted 
with  alcohol,  by  which  a white  oxyd  of  I'ellu- 
rium  was  thrown  down.  This  oxyd  being  re- 
diflblved  by  muriatic  acid,  and  again  preci- 
pitated by  cauftic  foda,  afforded  178  grs.  of 
oxyd,  equivalent'to  148  grs.  of  reguline  tel- 
lurium. 

{f)  The  alcoholic  folution  was  next  diflilled 
by  which  the  alcohol  was  feparated ; the  refi- 
dual  fluid  being  diluted  with  vVater,  was  treated 
with  nitrat  of  mercury,  in  the  way  already  de- 
fcribed,  by  which  a button  of  gold,  weighing. 
41.5  grs.  was  obtained. 

(g)  The  refidual  fluid  of  J"  was  faturated 
with  carbonated  foda  and  boiled,  by  which  a 
bluifh-grey  precipitate  was  obtained  : by  digef- 
tion  in  muriatic  acid  it  diffolved,  and  oxy- 
muriatic  ^cid  gas  was  produced  : the  muriatic 
folution  being  then  fuper-faturated  witli  carbo- 
nated ammonia,  there  was  depofited  carbonated 
mangancfe,  mixed  with  iron,  to  the  amount  of 
92  grs. 

(/.>)  The  ammoniacal  folution  was  of  a blue 
colour,  upon  which  it  was  fuper-faturated  with 
fulphuric  acid,  and  a plate  of  iron  being  im- 
merfed  in  the  fluid,  there  was  depofited  6 grs. 
of  copper. 

§ 3.  Ph^ical  and  Chemical  Properties. 

Reguline  tellurium  may  be  obtained  by 
heating  the  white  oxyd  of  this  metal  in  contaft 
with  carbonaceous  matter : but  as  tellurium  is 
both  eafily  volatilizable  and  readily  inflammable, 
certain  precautions  are  neceflary  to  enfure  the 
fuccefs  of  the  experiment.  If  the  redu£fion  is 
attempted  in  a crucible,  in  proportion  as  the 
metal  is  deoxydatcd,  it  rifes  in  vapours  through 
the  luting,  and  burns  with  a blue  flame  ; fo  that 
by  the  time  the  oxyd  is  reduced,  the  metal  will 
have  efcaped.  In  order  to  fucceed  perfedUy, 
thefollownng  method  muft  be  purfued : the 

oxyd,  being  previoufly  well  mixed  with  8 or  9 
per  cent,  of  charcoal  powder,  is  to  be  put  into  a 
fmall  glafs  retort  with  a receiver  adapted,  and 
heated  gradually  to  a low  ftate  of  ignition  : as 
foon  as  it  arrives  at  this  point,  a fudden  and 
confiderable  produefion  of  carbonic  acid  takes 
place,  a little  of  the  mixture  pafTes  into  the 
receiver,  and  metallic  globules  will  be  obferved 
adhering  to  the  neck  of  the  retort,  as  in  the 
dillillation  of  mercury.  The  apparatus  being 
then  cooled  flowly,  the  tellurium  will  be  found 
at  the  bottom  of  the  vefTel,  v/ith  a clean  bright 
cryd-diine  furface,  perfedlly  reduced  and  un- 
mixed with  charcoal.  100  parts  of  white  oxyd 
afford  about  83  parts  of  metal. 


The  colour  of  pure  tellurium  is  tin-white, 
pafTing  into  lead-grey  : it  has  a brilliant  metallic 
luftre : its  fra£f  ure  is  ftraight  foliated,  and  by  flow 
cooling  it  is  fuperficially  cryflallized : the  form 
of  its  cryftais  however  has  not  been  afeertained. 
It  is  very  brittle,  and  eafily  pulverizable.  Its 
fp.gr.  is  1=6.115.  It  melts  at  nearly  the  fame 
temperature  as  zinc  does  j and  when  ignited  it 
begins  to  be  volatilized.  By  expofure  to  the 
blow-pipe  on  charcoal,  it  inflames  with  a 
violence  approaching  to  detonation,  burning 
with  a vivid  blue  flame,  light-green  on  the 
edges,  accompanied  by  a heavy  white  fmoke^ 
which  is  the  oxyd  produced  by  the  combuftion. 

Tellurium  combines  readily  by  fufion  with  its 
own  weight  of  fulphur,  and  the  refult  is  a lead- 
coloured  flriated  mafs,  with  a metallic  luftre. 

By  ignition  in  a retort,  a part  of  the  fulphur 
fublimes,  carrying  with  it  a fmall  proportion  of 
metal,  by  which  it  acquires  a blackifh-browiv 
colour. 

Nitric  acid  diflblves  tellurium,  and  the  re- 
fult is  a clear  colourlefs  folution,  capable  of  af- 
fording, by  concentration  and  cooling,  llender 
needle-fhaped  cryftais. 

Nitrat  of  tellurium  is  not  decompofable  by 
water. 

Muriatic  acid  by  itfelf  has  little  or  no  a£Hon 
on  tellurium,  but  when  affifted  by  a fmall  pro- 
portion of  nitric  acid,  the  folution  goes  on 
rapidly.  The  refult  is  a clear  colourlefs  folu- 
tion, from  which  a white  muriated  oxyd,  or 
fubmuriat,  is  precipitable  on  the  addition  of 
water  ; in  a larger  proportion,  however,  of  this 
fluid,  it  is  again  foluble.  If,  on  the  other  hand, 
the  concentrated  muriat  is  diluted  with  alcohol 
inllead  of  w^ater,  no  tellurium  remains  in 
folution. 

Concentrated  fulphuric  acid,  by  digeftion 
without  heat,  takes  up  a fmall  portion  of  tel- 
lurium, and  acquires  thereby  a deep  ame- 
thyftine  red  colour.  On  the  addition  oi  a little 
water,  a black  flocculent  precipitate  takes  place, 
and  the  folution  lofes  its  colour.  The  colour  of 
the  folution  is  likewife  deftroyed  by  mere  heat, 
a white  oxyd  being  feparated. 

If,  however,  the  fulphuric  acid  is  previoufly 
diluted  with  water,  and  mixed  with  a few  drops 
of  nitric  acid,  a confiderable  portion  of  tellu- 
rium is  taken'  up,  and  the  folution  is  without 
colour,  and  not  decompolable  by  the  addition 
of  water. 

The  acid  folutions  of  tellurium  are  all  de- 
compofed  by  the  alkalies  j but  if  thefe  laft  are 
added  in  excefs,  the  oxyd  is  again  taken  up, 
whether  a pure  or  carbonated  alkali  is  made  ufe 
of. 


THO 


THO 


( 413  ) 


Pruffiat  of  potafli,  if  pure,  does  not  decom- 
pofe  the  falts  of  tellurium. 

The  alkaline  hydro-fulphurets  throw  it  down 
in  the  form  of  a black  powder. 

Tindture  of  galls  produces  a flocculent  pale 
yellowifli  brown  precipitate. 

Zinc  and  iron  precipitate  tellurium  in  its 
metallic  ftate  from  all  its  acid  folutions.  Tin 
and  antimony  likewife  decompofe,  in  a fimilar 
manner,  the  muriat  of  this  metal.  Phofphorus 
alfo  feparates  the  metal  from  its  muriatic  fo- 
lution. 

I'he  white  oxyd  of  tellurium,  if  heated  by 
the  blowpipe  on  charcoal,  is  reduced  with  a 
rapid  effervefcence  to  the  metallic  ftate,  and  is 
immediately  after  volatilized  by  combuftion, 
and  converted  again  to  an  oxyd.  If,  on  the 
other  hand,  it  be  treated  without  any  inflam- 
mable matter  in  a retort,  it  fufes  into  a pale 
yellow  ftriated  mafs. 

Tellurium  is  not  made  any  ufe  of,  either  in 
the  metallic  or  in  any  other  ftate. 

TERRA  FOLIATA  TARTARI.  See 
Acetite  of  Potajf}. 

TERRA  FOLIATA  CRYSTALLIZATA. 
See  Acetite  of  Soda. 

TERRA  JAPONICA.  See  Catechu. 

TERi<A  MERITA.  See  Turmeric. 

THERMOMETER.  See  the  Appendix. 

THONSCHIEFER.  Argillaceous  Schis- 
tus.  Slate.  Argillite. 

This  mineral  may  be  divided  into  the  three 
following  fubfpecies. 

I  Su^p.  Common  argillaceous  fchiftus. — 
Thonfchiefer,  Wern,  Argillite.,  Kirw.  Schijle 
argilleux.,  Broch. 

Its  colour  is  fmoke-grey,  blulfti  or  afti-grey, 
greenifli,  reddifti,  or  blackifti  grey  ; fometimes 
alfo  flcfh-red,  reddifh -brown,  yellowifli-brown, 
or  olive-yellow.  The  colour  is  for  the  moft 
part  uniform,  but  it  fometimes  prefents  fpots, 
bands,  and  dendritical  delineations.  It  occurs 
in  mais,  difleminated,  or  in  rounded  fragments. 
Its  luftre  is  filky  or  refinous,  and  varies  from 
glimmering  to  flightly  fhining.  Its  fradlure  is 
flaty,  generally  ftrait,  but  fometimes  curved  or 
undulating ; fome  varieties  are  fo  compact  as 
to  preftnt  a dull  earthy  fra£ture.  Its  fragments 
are  tabular  or  rhomboidal,  rarely  large  fplintery. 
It  varies  from  very  foft  to  moderately  hard,  but 
even  the  hardeft  may  readily  be  fcratched  by  a 
knife.  It  is  eafily  frangible,  but  not  very  brit- 
tle. It  gives  a greyifli-white  ftreak. 

It  is  compofed  of  (ilex,  alumine,  and  oxyd 
of  iron,  with  variable  proportions  of  carbonated 
lime  and  magnefia.  It  is  largely  ufed  for 


covering  houfes,  and  the  ftralt-follated  bluifh- 
grey  varieties  are  employed  as  writing  dates. 
7'he  fofter  and  more  compadt  varieties  are 
made  into  (late  pencils. 

2 Subfp.  Hone  flate.  ~ Novaculitey  Kirw. 
Wet'zf chief eVy  Wern.  Schijle  a aiguifer,  Broch. 
Its  colour  is  greenifli-grey,  or  fmoke-grey,  paf- 
fing  into  olive  and  mountain-green.  It  occurs 
in  mafs,  and  has  a glimmering  luftre.  Its  frac- 
ture in  the  great  is  flaty,  in  the  fmall  fplintery. 
Its  fragments  are  tabular.  It  is  more  or  lefs 
tranflucent  on  the  edges.  It  is  moderately 
hard,  and  not  very  frangible.  Sp.  gr.  2.72. 

It  does  not  effervefce  with  acids,  neither  is  it 
fufible  by  the  blow-pipe  without  addition.  It 
has  not  been  regularly  analyfed. 

It  is  cut  into  hones  for  fharpening  the  finer 
kinds  of  fteel  inftruments. 

It  occurs  at  Lauenftein  in  Bareith,  at  Sei- 
fendorf  in  Saxony,  in  Bohemia,  and  the  Le- 
vant (whence  it  is  called  Turkifh  hone)*,  alfo 
in  the  valley  of  Llanberris  in  North  Wales. 

3 Subfp.  Black  chalk. — Zeichenfchiefery^  exn, 
Schijle  a defftnery  Broch. 

Its  colour  is  greyifh  or  bluifh-black.  It  oc- 
curs in  mafs  ; the  longitudinal  fradlure  is  flaty 
and  glimmering,  the  crofs  fradlure  earthy  and 
dull.  Its  fragments  are  tabular  or  fplintery. 
It  ftains  the  fingers,  and  gives  a fomewhat 
gloffy  grey  ftreak.  It  is  meagre,  but  fmooth  to 
the  touch  ; is  foft  and  very  eafily  frangible. 

Before  the  blow-pipe,  without  addition,  it 
acquires  a thin  varnifh,  but  does  not  melt.  Its 
component  parts,  according  to  an  analyfis  by 
Wiegleb,  are 

64.  Silex 
11.25  Alumine 
1 1 . Carbon 
2.75  Oxyd  of  Iron 
7.5  Water 
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It  is  employed  for  drawing  and  writing  oa 
paper  and  other  materials. 

The  beft  kinds  come  from  Italy  ; it  is  alfo 
met  with  in  Spain,  France,  Bareith,  and  the 
ifland  of  Ifla  in  the  Hebrides. 

Of  the  above  fubfpecies,  the  firft,  namely, 
common  argillaceous  fchiftus,  is  the  moft  abun- 
dant. It  belongs  both  to  the  primitive,  tranfi- 
tion,  and  fecondary  rocks,  and  occurs  in  moun- 
tain beds,  often  of  vaft  extent.  It  inclofes  and 
fometimes  alternates  with  beds  of  chlorite  flate, 
hone  flate,  alum  flate,  and  black  chalk,  of  which 
the  two  former  peculiarly  characterize  the  pri~ 
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mltive  and  tranfiticn  argillaceous  fchiftus.  The 
primitive  appears  generally  to  reft  upon  mica- 
ceous fchiftus,  and  is  occafionally  mixed  with 
quartz,  mica,  hornblende,  black  fchorl,  garnet, 
pyrites,  granular  limeftone,  and  calcareous 
ipar.  It  alfo  contains  various  metallic  ores, 
either  in  veins  or  beds.  The  quickfilver  mines 
of  Idria  are  in  primitive  argillite,  fo  is  the  vaft 
bed  of  copper  and  iron  pyrites  forming  the 
Parys  mine  in  Anglefey. 

Tranfition  argillite  has  not  been  much  exami- 
ned : the  greater  part  of  the  flate  of  North 
Wales  appears  to  belong  to  this  formation, 
where  it  rells  upon  griinftein,  and  appears  to 
contain  no  extraneous  minerals,  except  veins  of 
quartz  and  calcareous  fpar,  with  blende  and  gale- 
na. Secondary  argillite  contains  impreffions  of 
organized  bodies  and  figured  pyrites  ; it  often 
refts  upon  fecondary  limeftone,  as  is  the  cafe 
in  Derbyfiiire. 

THUMERSTEIN.  Thumerftone,  Kiriv. 
Pierre  de  Thum,  Broch.  Axinite,  Hauy. 

The  colour  of  this  mineral  is  clove-brown, 
palTing  into  violet-blue,  and  yellowifh  or  green- 
iih  grey.  It  occurs  in  mafs,  difleminated  and 
cryftallized.  The  primitive  form  of  its  cryftals 
is  a ftrait  rhomboidal  prifm,  the  alternate  angles 
of  which  meafure  refpecftively  ioi^°  and  78!°. 
The  vertical  edges  of  the  prifm,  correfponding 
with  the  acute  angles,  are  generally,  however, 
more  or  lefs  truncated.  Sometimes  the  prifms 
are  fo  fliort  as  to  be  nearly  tabular,  and  are  then 
often  cellularly  aggregated.  The  faces  of  the 
primitive  cryftal  are  ftriated,  but  all  the  fecon- 
dary planes  are  fmooth.  Externally  the  cryftals 
have  a bright  vitreous  luftre  ; internally  they  are 
generally  gliftening.  The  fradlure  is  fmall 
conchoidai,  in  fome  varieties  pafiing  into 
fplintery  and  fine-grained  uneven.  When  in 
mafs,  it  is  ufually  compofed  of  thin  teftaceous 
diftindl  concretions.  It  varies  from  femi- 
tranfparent  to  tranflucent  on  the  edges.  Its 
hardnefs  is  nearly  equal  to  that  of  quartz  ; it  is 
brittle  and  very  eafily  frangible.  Sp.gr. 3. 2 to 3. 3. 

It  melts  before  the  blowpipe  without  addi- 
tion into  a greenilh  white  femitranfparent  glafs ; 
but  on  charcoal  to  a black  glafs.  It  has  been 
analyfed  by  Klaproth  “ and  Vauquelin with 


the  following  refults.  Klapr.  Vauq. 
Silex  - - - 52.7  — 44. 

Alumine  - - 25.6  — 18. 

Inme  - - - q.4  — ig. 

Oxyd  of  Iron  - g.  — 14. 

Ditto  Manganefe  0.6  — 4. 
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The  proportions  of  this  mineral  as  ftated  by 
the  two  able  chemifts  juft  mentioned,  differ 
from  each  other  very  conliderably,  and  on  com- 
paring the  methods  purfued  by  each  in  perform- 
ing the  analyfis,  it  will  we  believe,  be  generally 
allowed  that  Vauquelin’s  is  the  leaft  fubjedf  to 
error.  With  regard,  however,  to  the  oxyd  of 
iron,  the  difference  is  more  apparent  than  real, 
Klaproth  ftating  it  as  magnetic  oxyd,  and  Vau- 
quelin  as  red  oxyd  ; whereas,  if  in  each  ana- 
lyfis it  was  brought  to  the  latter  ftate,  Klap- 
roth’s 9 grs.  fhould  be  raifed  to  12.6  grs. 

Thumerftein  occurs  only  in  primitive  moun- 
tains, and  is  accompanied  by  afbeftos,  a£fy- 
nolite,  calcareous  fpar,  quartz,  felfpar,  and 
fometimes  with  fulphur,  arfenical  pyrites,  and 
native  bifmuth.  The  maflive  variety  is  met 
with  at  Thum  in  Saxony  (whence  is  derived  the 
German  name  of  this  mineral.)  It  occurs 
cryftallized  near  Oifans  in  Dauphine,  at  Kongf- 
berg  in  Norway  i alfo  in  Spain,  Savoy,  and 
Cornwall. 

TIN.  Zinn,  Germ.  Etain,  Fr. 

Tin  is  a metal  of  a filver-white  .colour,  very 
du£file  and  malleable,  gives  out  while  bending 
a peculiar  crackling  noife,  is  fufible  at  a heat 
much  lefs  than  that  of  ignition : is  flowly  fo- 
luble  in  muriatic  acid,  and  by  dilute  nitric  acid 
is  rapidly  converted  into  a white  oxyd. 

§ I . Ores. 

Sp.  I.  Tinstone.  Zinnftein,  Wertt.  Pierre 
de  Etain.  Mine  d’Etain  commune,  Broch, 

Its  ufual  colour  is  brownifh-black,  paffing  into 
clove-brown, blackifh,  redifhor  yellowifh-brown: 
fometimes  alfo  it  occurs  wine-yellow,  fmoke- 
grey,  yellowifh-grey  and  greyifh- white.  It 

occurs  in  mafs,  diffeminated,  in  rounded  frag- 
ments, and  cryftallized.  Its  primitive  form  is 
fufpe£led  by  Hauy  to  be  the  cube  : the  forms 
under  which  it  a£fually  appears  are, 

1.  A reftangular  tetrahedral  prifm,  termi- 
nated at  each  extremity  by  a tetrahedral  pyra- 
mid, the  faces  of  which  are  ifofceles  triangles. 

2.  The  preceding,  with  the  longitudinal 
edges  of  the  prifm  truncated. 

3.  Var.  I.  with  the  longitudinal  edges  both 
of  the  prifm  and  pyramid  truncated,  whence 
refults  an  eight  fided  prifm,  with  eight  fided 
fummits,  the  faces  of  which  latter  are  alter- 
nately triangles  and  pentagons.  Sometimes  the 
prifm  is  doubly  truncated,  and  then  prefents 
fixteen  fides,  the  terminating  pyramids  remain- 
ing as  before. 

4.  A ftrait  eight-fided  prifm  fimllar  to  the 
foregoing,  with  the  terminal  pyramids  very 
deeply  truncated. 
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5.  A rectangular  tetrahedral  prifm  termi- 
nated at  each  extremity  by  a tetrahedral  pyra- 
mid, the  faces  of  which  are  rhombs. 

6.  The  foregoing,  with  thofe  edges  of  the 
terminal  pyramid  that  are  adjacent  to  the  prifm 
deeply  truncated. 

7.  Similar  to  the  foregoing,  only  the  termi- 
nal pyramid  is  much  higher,  and  the  lateral 
truncatures  are  fo  deep  as  to  obliterate  the  ori- 
ginal rhomboidal  faces,  whence  refults  a pyra- 
mid compofed  of  eight  trapeziums. 

8.  The  fame  as  the  proceeding,  with  the 
points  of  the  terminal  pyramid  truncated  and 
replaced  by  a low  eight-fided  pyramid,  com- 
pofed of  alternate  trapeziums  and  long  hexa- 
gons, 

9.  A cryftal  originating  from  var.  i,  in 
which  an  oblique  fecHon  appears  to  have  been 
made,  and  the  two  portions  turned  half  round 
on  each  other,  fo  as  to  form  at  each  extremity 
two  re-entering  angles.  Thefe  half-turned  or 
hemitrope  cryftals  are  of  particularly  frequent 
occurence. 

The  cryftals  vary  much  in  fize  but  are  fel- 
dom  large,  and  are  almoji  always  half-imbedded 
and  grouped  together  in  a confufed  manner. 
Externa  ly  they  are  commonly  fmooth,  fome- 
times  ftriated,  and  exhibit  a bright,  almoft  vi- 
treous luftre.  Internally  they  are  ftiining  or 
gliftening,  with  a luftre  between  refinous  and 
vitreous.  The  frafture  is  fmall-grained  un- 
even, fometimes  imperfeCUy  conchoidal,  and 
rarely  lamellar.  The  maffive  varieties  prefent 
granular  diftinCl:  concretions.  It  varies  from 
femitranfparent  to  opake  ; gives  a greyifti-white 
ftreak;  is  hard,  affording  fparks  when  ftruck  by 
the  fteel,  is  brittle  and  eafily  frangible.  Sp. 
gr.  6.7  - 6.97. 

Before  the  blowpipe  on  charcoal  it  decrepi- 
tates, becomes  pale  and  opake,  and  is  in  part 
reduced  to  the  metallic  ftate.  It  has  been  ana- 
lyfed  by  Klaproth  and  Lampadius  with  the  fol- 
lowing refults. 

Klapr.  Lampad. 

from  Alternon.  Ehrenfriederfdorf. 
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Oxygen 

0.25 

— 9- 

Oxyd  of  Iron 

0.75 

— 7- 

Silex 

100  . . 
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Tinftone  occurs  only  in  the  oldeft  of  the 
primitive  rocks,  as  granite,  gneifs,  micaceous 
fchiftus,  and  fome  varieties  of  argillaceous  fchif- 
tus,  either  in  veins,  or  beds,  or  diffeminated.  It 


is  accompanied  by  quartz,  mica,  lithomarga, 
talc,  fteatite,  fluor  fpar,  chlorite,  topaz,  apatite, 
wolfram,  arfenical  pyrites,  &c.  It  occurs  alfo 
in  rounded  fragments  in  alluvial  beds,  forming 
the  fhode  and  ftream  tin  of  Cornwall. 

It  is  found  in  Cornwall,  in  Gallicia  in  Spain, 
in  the  Erzgebirge  on  the  borders  of  Saxony  and 
Bohemia ; in  the  peninfula  of  Malacca  and  the 
illand  of  Banca  in  Alia,  and  in  Chili  in  South 
America. 

It  is  the  only  ore  of  tin  fufRciently  abundant 
to  be  worked. 

Sp.  2.  Wood  Tin.  Kornifehes  ZInnerz, 
Wern.  Mine  d’Etain  grenue,  Broch. 

Its  colour  is  hair-brown  of  different  fhades, 
paffmg  into  yellowifh-grey  and  Ifabella-yellow; 
two  or  more  colours  are  often  arranged  in  pa- 
rallel bands  in  the  fame  fpecimen.  It  has  hi- 
therto been  found  only  in  fmall  rolled  pieces, 
which  fometimes  are  reniform,  and  this  is  pro- 
bably the  original  form  of  this  mineral.  Exter- 
nally it  is  rough  and  gliftening;  internally  it 
has  a glimmering  fomewhat  filky  luftre  Its 
fracture  is  finely  fibrous,  either  ftraight, 
bundled,  or  diverging.  Its  fragments  are 
wedge-fhaped  or  fplintery.  It  occurs  in  large 
and  coarfe  granular  diftin£l;  concretions,  which 
are  themfelves  arranged  in  thin  curved  lamellae. 
It  gives  a fhining  yellowifh-brown  ftreak.  It 
is  opake,  hard,  brittle,  and  eafily  frangible.  Sp. 
gr.  6.45. 

Before  the  blowpipe  it  becomes  brownifh  red 
and  decrepitates,  but  is  not  fufed  or  reduced  to 
the  metallic  ftate.  When  ftrongly  heated  in  a 
charcoal  crucible,  it  affords  according  to  Klap- 
roth about  73  per  cent,  of  reguline  tin. 

This  mineral  has  hitherto  been  found  only  in 
Cornwall,  in  the  parifhes  of  St.  Columb,  St. 
Roach,  and  St.  Dennis,  in  alluvial  beds  accom- 
panied by  tinftone.  It  is  rare,  and  occurs  only 
in  fmall  pieces. 

Sp.  3.  Bell-metal  ore.  Tin  pyrites. 
Zinnkies,  Wern.  Etain  pyriteux,  Broch. 

Its  colour  is  fteel-grey,  with  a tinge  of  brafs- 
yellow,  paffing  into  yellowifh-white.  It  occurs 
in  mafs  and  diffeminated.  Internally  it  has  a 
weakly-fhining  metallic  luftre.  Its  fra£l:ure 
is  granular  uneven,  paffing  into  fmall  con- 
choidal, and  rarely,  imperfe£lly  lamellar.  Its 
fragments  are  indeterminate,  blunt  edged.  It 
may  eafily  be  fcratched  by  a knife,  is  very 
brittle  and  eafily  frangible.  Sp.  gr.  4.35. 

Before  the  blowpipe  it  gives  out  a fulphur- 
eous  odour,  and  fufes  eafily  into  a blackifh  flag.. 
It  tinges  borax  of  a yellowifii  green  colour. 

The  proportion  of  tin  which  it  contains  is 
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fubje£t  to  confulerable  variation : the  lighter  Is 
its  colour  and  the  greater  is  the  proportion  of 
this  metal.  A fpecimen  of  this  kind  was  com- 
pofed,  according  to  an  analyfis  by  Klaproth, 
of  34.  Tin 
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It  has  hitherto  been  found  only  at  Wheal 
Roch,  in  the  parifli  of  St.  Agnes  in  Cornwall, 
in  a vein  about  nine  feet  wide,  accompanied  by 
blende  and  copper  pyrites. 

§ 2.  AJfay  and  Anal\fts. 

The  alTay  of  tin  ore  is  extremely  fimple. 
Being  firft  reduced  by  pounding  to  the  confifl- 
ence  of  coarfe  fand,  it  is  feparated  by  wafhing 
from  the  ftony  matters  with  which  it  is  mixed 
(a  procefs  that  may  be  performed  with  great 
accuracy  on  account  of  the  high  fpecific  gravity 
of  the  ore).  A grain  or  two  is  then  to  be 
treated  by  the  blowpipe  in  order  to  afcertain 
whether  any  arfenic  is  prefent.  If  this  is  the 
cafe,  200  grains  of  the  ore  mixed  with  a little 
charcoal,  are  roafted  in  a calcining  tell  at  a 
low  red  heat,  till  no  arfenical  vapours  are 
any  longer  to  be  perceived  •,  the  refidue  being 
withdrawn  from  the  fire  is  to  be  mixed  with  a 
little  pitch  and  fine  faw-duft,  and  put  into  a 
crucible  lined  with  charcoal ; a cover  being 
luted  on,  it  is  to  be  placed  in  a wind  or  forge 
furnace  (the  latter  is  the  bell)  and  pretty  ra- 
pidly raifed  to  a bright  red  heat ; in  a quarter 
of  an  hour  or  twenty  minutes  the  redu£lion 
will  be  compleated,  the  crucible  being  then  re- 
moved from  the  fire  and  cooled,  there  will  be 
found  in  it  a button  of  metallic  tin,  either  en- 
tirely free  from  fcoriae,  or  at  moll  covered  with 
a very  thin  blackifh  cruft,  which  may  be  re- 
moved by  gentle  hammering. 

If  the  ore  on  trial  with  the  blowpipe  appear 
to  be  entirely  free  from  arfenic,  the  roafting 
may  be  omitted. 

The  analyfis  in  the  moift  way  though  fome- 
what  more  complicated,  is  yet  upon  the  whole 
fufhciently  fimple.  The  method  attempted  by 
Bergman  and  others,  of  analyfing  the  ores  of  tin 
by  means  of  acids,  is  extremely  unfatisfaftory, 
little  or  nothing  but  the  impurities  being  taken 
up  by  thefe  menftrua.  The  proper  mode  of 
treating  thefe  ores  is  by  means  of  the  fixed  al- 
kalies 5 the  difcovery  of  which  forms  one  of 


the  numerous  obligations  conferred  by  Klaproth 
on  analytical  chemiftry. 

Ttnfloue. 

Specimens  of  this  mineral  from  Cornwall  and 
Bohemia  were  thus  analyfed  by  Klaproth. 

(rt)  100  grs.  in  cryftals  were  ground  to  a fine 
powder,  and  added  to  a lixivium  containing  600 
grs.  of  cauftic  potafii.  This  mixture  was  eva- 
porated, tyrd  then  moderately  ignited  for  half 
an  hour  in  a filver  crucible  ; a greyifh- white 
mafs  was  thus  obtained,  to  which,  while  yet 
warm,  was  added  boiling  water,  which  diflblved 
the  whole  with  the  exception  of  1 1 grs. 

[b)  Thefe  1 1 grs.  were  again  ignited  with  fix 
times  their  weight  of  cauftic  potafli,  and  being 
digefted  in  boiling  water  there  remained  behind 
only  gr.  of  a fine  yellowifh-grey  powder. 

(r)  The  alkaline  folutions  being  mixed  to- 
gether, muriatic  acid  was  added  to  faturation, 
upon  which  a white  oxyd  of  tin  fell  down  ; this 
was  rediflblved  by  an  excefs  of  muriatic  acid, 
and  finally  precipitated  by  carbonated  foda. 
This  precipitate  when  wafiied  and  dried  at  a 
gentle  heat,  appeared  in  the  form  of  tranfpa- 
rent  yellowifti  lumps,  with  a vitreous  fracture. 

[d)  This  precipitate  being  pulverized  was 
diflblved  in  muriatic  acid,  and  into  the  folution, 
previoully  diluted  with  two  or  three  parts  of 
water,  was  inferted  a ftick  of  zinc,  by  which 
the  tin  was  thrown  down  in  the  form  of  thin 
metallic  laminae.  Thefe  being  wafhed  and  dried 
were  fufed  in  a fmall  crucible  under  a cover  of 
melted  tallow,  and  afforded  a metallic  button 
weighing  77  grs. 

(f)  The  refidue  of  b amounting  to  i|  gr.  was 
treated  with  muriatic  acid,  with  which  it  form- 
ed a yellowifh  folution : from  this  0.5  gr.  of 
tin  was  feparated  by  means  of  zinc.  The  re- 
mainder afforded  a light  blue  precipitate  with 
pruffiat  of  potafh,  indicating  not  more  than 
0.25  gr.  of  oxyd  of  iron  : about  0.75  gr.  of 
filex  was  alfo  procured.  By  adding  thefe  pro- 
ducts together,  and  making  no  allowance  for 
lofs,  there  will  remain  21.5  grs.  for  the  oxy- 
gen contained  in  the  ore. 

Wood-Tin  is  to  be  analyfed  in  the  fame  man- 
ner as  the  preceding. 

Bell  Metal  Ore. 

'I'his  was  treated  by  Klaproth  in  the  follow- 
ing manner. 

(a)  120  grs.  being  reduced  to  a fine  powder, 
were  digefted  in  the  cold  for  2+  hours  with 
aqua  regia,  compofed  of  two  parts  muriatic 
and  one  part  nitric  acids : the  mixture  was 
then  digefted  for  fome  time  longer  on  a fand 
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tath.  "When  the  acid  had  entirely  ceafed  to 
aft,  the  folution  was  diluted  with  water  and 
filtered ; 43  grs.  remained  undiflblved,  from 
which  by  gentle  ignition  on  a teft  there  were 
feparated  30  grains  of  fulphur.  The  refidue, 
amounting  to  13  grs.  was  digefted  in  nitro- 
muriatic  acid,  by  which  8 grs.  were  taken  up. 
The  remaining  5 grs.  confifted  of  about  3 grs. 
of  filex,  and  i gr.  of  iron,  reduced  to  the  ftate 
of  magnetic  oxyd  by  roafting  with  wax. 

The  acid  folutions  being  mixed  together, 
carbonat  of  potafh  was  added  to  faturation,  by 
which  there  was  obtained  a dirty-green  precipi- 
tate, which  by  fubfequent  folution  in  muriatic 
acid  afibrded  a green  fluid.  A cylinder  of  pure 
tin  weighing  217  grs.  was  immerfed  into  the 
folution  till  it  became  quite  colourlefs,  in  con- 
fequence  of  the  precipitation  of  44  grains  of 
reguline  copper. 

c.  This  copper  by  brilk  digeftion  in  nitric 
acid  left  behind  a little  white  oxyd  equivalent 
to  I grain  of  tin ; hence  the  true  amount  of 
copper  is  equal  to  43  grs. 

(/.  The  cylinder  of  tin  during  its  digeftion  in 
the  folution^,  had  loft  89  grs.  This  folution 
was  now  decompofed  by  a cylinder  of  zinc,  and 
the  metallic  precipitate  when  wafhed  and  dried 
was  mixed  with  tallow  and  charcoal  powder, 
and  moderately  heated  in  a crucible ; there 
were  thus  obtained,  i gr.  of  magnetic  oxyd  of 
iron  and  129  grs.  of  reguline  tin,  from  which 
deducting  89  grs.  as  belonging  to  the  cylinder, 
there  remain  30  grs.  for  the  amount  of  tin  in 
the  ore. 

5.  3.  R'cdu5lio7i  of  Os'es. 

The  method  of  treating  the  ores  of  tin  in 
Cornwall  is  two-fold.*^  The  firft  that  w^e  fliall 
mention  is  that  to  which  the  tinftone  from  the 
mines  or  vein-tin  is  fubjefted;  the  fecond  is  that 
by  which  the  ftream  tin  is  reduced. 

I . The  vein-tin  is  procured  by  blafting,  and 
when  brought  to  the  top  of  the  pit  is  in  frag- 
ments of  various  fizes,  and  mixed  fo  largely 
with  quartz,  argillaceous  fehiftus,  granite,  and 
other  impurities  as  rarely  to  contain  more  than 
2 per  cent,  of  metal.  The  firft  preparation 
that  it  receives  is  being  broken  by  hand  ham- 
mers into  pieces  about  the  fize  of  hens’  eggs, 
after  which  it  is  ready  to  be  ftamped.  The 
j ftamping-mill  is  of  the  ufual  conftruftion  (fee 
the  article  Gold)  except  that  the  ftampers  are 
i only  three  in  number,  and  in  front  of  the 
I trough  or  cofl'er  there  is  inferted  a plate  of  tin 
' about  a foot  fquare,  pierced  full  of  holes,  large 
enough  to  admit  a moderate  fized  knitting- 


needle;  that  fuvface  of  the  plates  which  is  oc- 
cupied by  the  rough  extremities  of  the  holes  is 
placed  on  the  infide  of  the  trough,  by  which 
Ample  and  efteftual  contrivance  the  holes  are 
prevented  from  being  plugged  up  by  the  ore. 
In  proportion  as  the  tin-ftone  is  reduced  to  the 
proper  degree  of  finenefs  it  palTcs  with  the 
water  through  thefe  holes  into  a labyrinth  of 
very  Ample  conftruftion;  here  the  oxyd  of  tin 
is  feparated  from  much  of  the  lighter  impuri- 
ties, and  by  fubfequent  waftiing  on  a wooden 
table  it  is  fufliciently  drefl'ed  to  be  fent  to  the 
roafting  furnace;  in  this  ftate  it  is  called  !du<k 
tin,  and  is  generally  mixed  inconfiderable  propor- 
tion w’ith  mifpickel,  and  iron  and  copper  pyrites. 
It  is  now  calcined  at  a low  red  Ireat  in  a large 
reverberatory  furnace  for  feveral  hours  in  order 
to  volatilize  the  arfenic  and  burn  off  the  ful- 
phur, (a  part  of  this  laft  after  being  acidHied, 
combines  with  the  oxyds  of  copper  and  iron). 
The  ore  comes  out  of  the  roafting  furnace  of  a 
bright  ochery  red  cololir,  owing  to  the  decom- 
pofition  and  oxydation  of  the  pyrites  and  mif- 
pickel, the  oxyd  of  tin,  if  the  operation  has 
been  well  performed  liaving  undergone  not  the 
leaft  alteration.  The  ore  is  now  wafhed  a fe- 
cond  time,  by  which  nearly  the  whole  of  the 
impurities  arc  feparated.  The  water  employed 
in  this  procefs  being  confiderably  impregnated 
with  fulphat  of  copper  is  referved,  and  aftcr- 
w'ards  decompofed  by  the  addition  of  pieces  of 
old  iron.  The  next  ftep  is  the  reduftion,  pro- 
pei'ly  fpeaking;  for  this  purpofe  a reverberatory 
furnace,  about  7 feet  long  and  3I  feet  wide,  is 
charged  with  7 cwt.  of  roafted  ore  mixed  with 
of  its  bulk  of  culm  (Welch  fmall-coal)  no 
lime  or  any  other  kind  of  flux  being  made  ufe 
of;  the  fire  is  kept  up  pretty  brilk  for  about  fix 
hours,  and  the  tin  in  proportion  as  it  is  reduced 
finks  down  to  the  bed  of  the  furnace,  bemg  co- 
vered with  a boiling  hot  bath  of  black  fcoriac. 
At  the  expiration  of  this  period  the  furnace  is 
tapped  by  means  of  an  iron  bar,  and  the  hot 
metal  flows  into  a fliallow  pit  at  the  foot  of  the 
furnace.  When  the  whole  of  the  metal  has 
run  out,  the  fcoriae  are  drawn  out  of  the  furnace 
w'ith  a rake,  and  a frefli  charge  is  immediately 
thrown  in.  While  the  metal  in  the  pit  is  red 
hot  it  throws  up  a quantity  of  flag  vevv  rich  in 
metal,  which  is  immediately  returned  into  the 
furnace,  and  the  melted  tin  after  it  has  become 
fufliciently  cool  is  taken  out  with  iron  ladles 
and  poured  into  moulds  of  granite,  where  it 
confclidates,  each  charge  aftbrding  on  an 
average  from  4 to  5 cwt,  of  metal.  TIjo  firil 
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fcorI:e  ai’c  not  entirely  exhaufled  of  metal,  and 
are  tlierefore  transferred  to  the  ftamping-miil, 
and  afterwards  waflicd,  in  order  to  feparate  the 
richer  particles,  which  arc  then  mix.ed  with  the 
next  parcel  of  roafted  ore. 

The  pigs  of  tin  thus  procured  are  next  put 
without  any  addition,  into  a fmall  reverberatory 
lurnacc  where  they  are  expofed  to  a very  gen- 
tle hear,  the  pureft  part  of  the  tin  firft  melts 
and  is  drawf:  off,  forming  the  common  grain 
tin ; the  more  rctracioi-y  part  containing  a fmall 
but  variable  portion  of  copper,  arfenic,  and 
iron,  is  then  brought  to  a hate  of  fufion,  and 
call  into  pigs  forming  the  common  or  ordinary 
tin. 

2.  The  flre.am  tinftone  is  not,  we  believe, 
found  in  any  other  part  of  Europe  than  Corn- 
wall. It  differs  from  the  former  in  its  extreme 
purity  and  abfolute  freedom  from  arfenic,  and 
in  its  occurring  in  alluvial  beds.  The  largefl 
ftream-tin  work  is  at  Cam,  about  two  miles  to 
the  S.  E.  of  Perran,  not  far  from  Redruth.  It 
is  fituated  in  a valley,  through  which  flows  a 
llream,  the  courfe  of  which  has  been  turned 
for  the  fake  of  getting  at  the  treafure  concealed 
beneath  its  bed.  'Phe  workmen  firft  dig 
through  a ftratum  about  fifty  feet  thick  of  clay, 
fliells,  and  black  earth,  in  which  have  been 
found  hazel  nuts,  the  antlers  of  an  animal  of 
the  flag  kind,  a human  fcull,  and  a copper 
battle-axe;  to  this  fucceeds  a layer  of  rounded 
Hones,  beneath  which  is  the  bed  of  tin  ore  in 
grains  and  lumps  of  various  fizes.  The  thick- 
nefs  of  this  bed  varies  from  one  to  five  feet, 
but  the  thickeft  part  is  comparatively  the  poor- 
eft.  The  whole  of  the  fuperincumbent  ftrata 
is  cut  away  as  the  workmen  proceed,  fo  that 
the  general  appearance  of  the  cavity  is  that  of  a 
vaft  gravel  or  fund  pit,  near  half  a mile  long, 
and  about  200  feet  broad,  which  is  kept  clear 
of  water  by  the  powerful  aOlion  of  two  water- 
mill pumps.  The  tin  ore,  as  it  lies  quite  loofe, 
is  merely  {hovelled  into  barrows,  and  wheeled  to 
the  head  of  the  works,  where  it  is  thrown 
under  a thin  flieet  of  water  which  waflies  away 
the  earth,  leaving  the  pure  ore  behind.  After 
this  fimnle  purification  the  ore  is  fent  to  St. 
Auftle,  a diftance  of  about  twenty  miles,  to  be 
fmeltcd.  Here  all  the  preparation  for  the  fur- 
nace that  it  receives  is  being  bruifed  and  palled 
through  wire  fieves  containing  fixteen  niefhes 
in  the  fquare  inch.  The  furnace  employed  is 
called  in  Cornwall  a blo’iving  furnaccy  and  is  in 
fa£l  only  a blall  furnace  of  the  fimpleft  con- 
{tri’.cHon,  about  feven  feet  high,  and'fupplied 
with  air  from  tw'o  cylinders,  vrorked  by  an 


overlhot  water -wheel.  The  only  fuel  made 

ufe  of  is  charcoal,  and  after  the  furnace  is  fully 
heated  it  is  fed  at  fliort  intervals  with  the  fol- 
lowing charge,  viz,  three  or  four  fliovelfuls 
of  ore,  and  twm  or  three  half-bufltels  of  char- 
coal, no  flux  of  any  kind  being  employed.  At 
the  bottom  of  the  furnace  is  a fmall  channel 
through  which  the  reduced  tin  is  conftantly 
flowing  into  a pit  below,  accompanied  by  a 
fmall  quantity  of  flag,  which  is  removed  from 
time  to  time,  and  thrown  again  into  the  fur- 
nace. When  the  pit  is  full  of  tin  it  is  ladled 
out  into  an  iron  boiler,  about  three  feet  in  dia- 
meter, wuth  a fmall  fire  under  it  to  keep  the 
metal  fufficiently  fluid : two  or  three  large 
pieces  of  charcoal  are  then  laid  upon  the  tin,, 
and  plunged  to  the  bottom  by  means  of  an  iron 
inftrument  refembliiig  ^ wheel,  with  a long 
handle  fixed  in  the  axle.  A violent  ebullition 
is  immediately  excited,  and  a little  flag,  which 
was  before  mixed  with  the  metal,  rifes  to  its 
furface,  and  is  feummed  off.  lu  a minute  or 
two  after,  the  metal  is  tried,  by  taking  up  a 
ladleful  and  pouring  it  again  into  the  mafs, 
w^hen  if  it  appears  quite  bright  like  filver,  and 
of  an  uniform  confiftence,  the  purification  is 
compleat,  and  nothing  more  is  requifite  than 
to  cool  it  to  the  proper  degree,  and  lade  it  into 
the  moulds,  by  which  it  is  formed  into  pigs, 
weighing  from  2 to  3 cwt.  each.  If  the  metal 
is  poured  too  hot  into  the  moulds  it  is  apt  to 
be  brittle.  Good  ftream  tin  affords  from  65  to 
75  per  cent,  of  the  very  beft  and  pureft  grain 
tin. 

None  of  the  Cornifli  tin  may  be  fold  till  It 
has  been  coined;  for  this  purpofe  a fmall  piece 
is  cut  off  from  every  pig  and  affayed ; if  it  ap- 
pears of  the  requifite  purity  it  receives  the 
ftamp  of  the  Duchy,  and  pays  to  the  Prince  of 
Wales,  as  Duke,  four  fliillings  per  cwt. 

§.4.  PMJtcal  and  Chemical  Properties. 

7'in  is  a metal  of  a beautiful  filvery  white- 
nefs  w'hen  recently  melted,  but  by  fhort  expo- 
fuve  to  the  air  it  acquires  a fuperficial  tarnifh, 
which  does  nut  much  increafe  by  time.  It  has 
a flight  and  naufeous  tafte,  and  gives  a peculiar 
fmell  when  rubbed.  It  may  be  cryftallized  by 
melting  a quantity  and  pouring  out  the  center 
of  the  mafs  after  the  fides  have  folklified.  Its 
fpecific  gravity  is  about  7.9.  It  is  an  extremely 
foft  metal,  fcarcely  if  at  all  elaftic,  and  when  a 
piece  of  it  is  bent  backw'ards  and  forwards  it 
gives  a peculiar  crackling  noife.  It  has  very  little 
tenacity,  being  In  this  refpe£t  inferior  even  to 
gold,  and  only  fuperior  to  lead.  It  is  ex- 


TIN 


T 1 N 


C 415  ) 


tremely  malleable,  and  may  readily  be  extended 
into  leaves  thinner  than  writing  paper.  It  is 
the  moft  fufible  of  all  the  folid  metals,  and 
melts  at  about  -42®  Fahr. 

It  is  reduced  to  powder  for  medicinal  pur- 
pofes  by  being  melted  and  poured  into  a 
wooden  box,  rubbed  with  chalk  on  the  infide, 
and  fliaken  violently,  and  afterwards  walhed  to 
get  rid  of  the  chalk. 

It  is  not  rufted  nor  apparently  altered  by  being 
kept  under  water. 

The  oxydation  of  tin  when  heated  in  contadf 
with  air  has  been  much  examined  by  cl\emifl:s. 
When  this  metal  is  melted  in  any  open  veflel, 
as  foon  as  the  fufion  is  compleat,  the  furface 
tarnilhes  and  wrinkles,  forming  a firm  pellicle 
of  a dusky  grey  colour,  and  if  thefe  pellicles 
are  fuccellively  removed  as  they  form,  the 
whole  metal  is  gradually  changed  into  them. 
If  the  whole  mafs  is  then  rubbed  in  a mortar 
with  water,  and  the  liquid  immediately  de- 
canted to  feparate  fome  uncalcined  particles  of 
tin  which  remain  entangled  in  the  pellicles,  an 
uniform  grey-brown  oxyd  is  produced,  in 
which  the  microfeope  can  difeover  no  particles 
of  reguline  metal,  and  which  is  tin  in  the  firft 
or  loweft  ftate  of  oxydation.  During  the  firfl 
calcination  the  heat  fhould  not  be  raifed  quite 
to  rednefs. 

If  this  firfl:  oxyd  is  then  again  heated,  with 
conftant  ftirring,  in  a broad  veflel  made  fully 
red-hot,  the  colour  of  the  oxyd  gradually 
changes  to  an  uniform  light  grey,  which,  by 
continuing  the  heat  for  fome  time,  becomes 
white,  harder,  and  fomewhat  agglutinates,  but 
undergoes  no  further  alteration.  If  the  firfl; 
oxyd  is  heated  pretty  brifldy  in  this  procefs,  it 
becomes  very  luminous,  and  adually  burns 
with  a bright  flame  during  its  further  oxyda- 
tion. The  combuflion  of  tin  is  alfo  fticwn 
more  diftinftly  by  heating  a quantity  of  the 
metal  immediately  to  a full  red  or  white  heat 
in  a covered  crucible,  and  then  on  removing 
the  cover  and  turning  afide  the  crufl  of  oxyd 
on  the  furface,  the  metal  will  burn  with  a very 
vivid  flame  fomev/hat  like  zinc,  and  an  imme- 
diate and  copious  fublimation  of  white  oxyd. 
The  fame  effeifl  is  fhewn  more  fpeedily  by 
heating  intenfely  a little  tin  with  the  blow-pipe 
on  cliarcoal,  and  then  on  fuddenly  throwing  it 
down  on  n hearth,  it  difperfes  into  a number  of 
beautiful  luminous  globules. 

Whilfl  tin  is  in  the  a£t  of  combuflion,  the 
oxyd  which  is  formed  in  the  procefs  acquires  a 
volatility,  andvifibly  fublimes  when  the  heat  is 
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very  intenfe,  but  when  the  oxyd  Is  already 
formed,  it  is  perfedlly  fixed  in  the  fire,  and  is 
wnth  difficulty  fufible  per  fe  in  the  utmofl  in- 
tenfity  of  fire.  Thus  as  Geoffrey  has  obferved"* 
if  tin  be  placed  on  charcoal^  and  the  focus  of  a 
powerful  burning  glafs  thrown  on  it,  it  infenfi- 
bly  diffipates  in  fmoke  without  any  refiduej  but 
if  placed  on  an  earthen  fupport  it  firfl  burns 
for  a w'hile  with  evident  fmoke,  after  which  a 
thick  wffiite  crufl  of  oxyd  forms  on  the  furface, 
which  by  continuing  the  heat  takes  the  form 
of  fmall  hard  tranfparent  cryflals. 

The  phenomena  that  occur  on  heating  tin 
very  intenfely  are  fliewni  by  an  experiment  of 
Beaume.  He  put  fome  Malacca  tin  in  a cru- 
cible, inclofed  this  in  a muffle,  and  expofed 
the  w'hole  to  a very  flrong  heat  for  two  hours. 
When  cold,  the  upper  part  of  the  crucible  was 
found  covered  with  a confiderable  quantity  of 
flowers  of  tin  of  extreme  whitenefs  and  fymme- 
trically  arranged  in  brilliant  needles.  Beneath 
this  were  many  vegetations  of  oxyd  of  tin  of  a 
cauliflower  form,  confiderably  hard,  and  of  a 
brick  red.  Below  this  was  an  incohering  mafs 
of  pure  white  oxyd  of  tin;  under  which  was  a 
flratum  of  clean  tranfparent  glafs,  or  vitrified 
oxyd,  of  a bright  garnet  red;  and  below  the 
latter  was  a portion  of  the  reguline  metal  un- 
altered. 

From  all  the  experiments  that  have  been 
made  on  this  fubjedl  it  appears  that  there  are 
at  leafl  two  diflinifl  degrees  of  oxydation  of  tin 
effected  by  the  joint  a£Hon  of  heat  and  air, 
the  lowed  of  which  is  formed  at  a heat  below 
rednefs,  and  produces  a dufky  grey  oxyd;  and 
the  highefl,  which  is  formed  at  a full  red  heat 
and  with  vifible  combuflion,  produces  an  oxyd 
which  is  nearly  white.  The  latter,  when  heated 
very  intenfely,  appears  capable  of  fufion,  though 
with  much  more  difficulty  than  the  oxyds  of 
iron,  lead,  and  copper.  With  regard  to  the 
red,  yellow,  and  green  fhades  of  colour,  which 
the  fufed  oxyd  of  tin  fometimes  afl'umcs,  this 
may  partly  be  attributed  to  a cafual  admixture 
of  the  above  metals  ; but  if  the  tin  was  nearly 
pure  in  Beaume’s  experiment,  the  colour  of 
the  pure  vitrified  oxyd  of  tin  Is  a garnet  red. 
This  however  does  not  agree  with  Klaproth’s 
experiments,  who  found  the  purefl  native  oxyds 
of  tin,  containing  no  more  than  a quarter  per 
cent,  of  oxyd  of  iron,  -wdien  fufed  in  a clay 
crucible  in  a porcelain  furnace  to  run  into  a 
clear  glafs,  either  greenifli-grey  or  with  a flight 
tinge  of  yellow,  but  with  no  tendency  to  the 
garnet-red  hue.  When  the  oxyd  of  tin,  cither 
for  1738,  p.  115. 


3 G 2 


T 1 N 


TIN 


( 420  ) 


by  itfelf  or  mixed  with  the  oxyd  of  lead  is 
fuled  with  the  falinc  and  earthy  vitrefcent  mix- 
tures it  gives  a beautiful  opake  white,  as  we 
have  already  mentioned  under  the  article  Ena- 
vid.  It  is  doubtful  however  whether  in  this 
procefs  the  oxyd  of  tin  is  brought  to  compleat 
fufion,  and  whether  the  opacity  does  not  ariie 
from  this  circumftance. 

It  is  fomewhat  doubtful  whether  there  is  any 
diftincl;  intermediate  oxyd  of  tin  between  the 
two  that  we  have  mentioned,  or  whether rtlie 
fuccelfive  fhades  of  colour  which  the  firft  oxyd 
aiTames  during  its  compleat  calcination,  are  not 
ow'ing  to  a mixture  of  the  perfedc  with  the 
imperfecl:  oxyd. 

A preparation  of  the  oxyd  of  tin  is  made  for 
the  purpofc  of  giving  the  liighei't  polilh  to  fteel, 
and  to  glafs  and  metal  mirrors,  which  is  called 
Tin  Pu.'tj.  It  is  prepared  according  to  Beaumc 
in  the  following  way. 

Some  tin  is  melted  in  an  iron  veilel  with  a 
low  red  heat,  and  the  oxyd  that  forms  on  the 
furface  is  fucceilively  removed  till  enough  of  it 
is  procured.  This  is  then  fpread  on  a red-hot 
muffle,  and  heated  for  half  an  hour,  with  fre- 
quent Itirring,  to  compleat  the  calcination  of 
any  particles  of  tin  that  may  be  entangled  in 
the  oxyd.  When  cold  it  is  powdered  and 
fifted,  and  the  finer  part  is  again  calcined  for 
fix  or  feven  hours  on  a muffle  with  a llronger 
heat,  till  it  becomes  almoft  white,  and  confi- 
derably  hard,  and  in  this  Hate  it  forms  the  tin 
putty. 

This  fubftance  is  made  in  this  country  in  a 
fimilar  way.  For  the  finell  putty  the  pureil 
grain  tin  is  employed,  which  is  calcined  in  a 
mufde,  finely  levigated,  and  waflred.  This  is 
nearly  v/liite,  but  the  ordinary  and  cheaper 
forts  are  browner,  and  are  made  by  calcining 
old  pewter,  or  elfe  a mixture  of  tin  and  lead, 
or  any  other  alloy  of  thefe  metals,  which  when 
in  mixture  oxydate  ftill  more  readily  than 
either  of  the  metals  feparately,  and  will  eafily 
take  fire  as  foon  as  the  heat  is  r.rifed  to  rednefs. 
As  the  oxyd  of  lead  is  very  fufible,  and  the 
oxyd  of  tin  very  little  fo,  the  fubfequent  calcin- 
sition  in  this  cafe  is  probably  made  at  a lower 
heat  than  when  pure  tin  is  ufed,  otherwife  the 
whole  would  run  into  a denfe  glafs.  This  pre- 
paration muft  not  be  confounded  with  glazier’s 
p itty,  which  is  only  chalk  beat  up  with  linfeed 
oil. 

Tin  is  readily  oxydated  by  nitre  in  the 
following  way.  Projeft  a little  of  this  fait  on 
tin  m.ade  moderately  red-hot  in  a crucible.  A 
very  ftrong  deflagration  enfues,  with  a brilliant 


white  flame  and  a denfe  white  fmoke,  which, 
latter  confifts  of  part  of  the  oxyd  of  tin  volati- 
lized, and  will  lettle  on  the  adjacent  fur- 
faces  in  the  form  of  a fine  white  powder. 
Continue  to  project  fmall  quantities  of  nitre  on 
the  tin  as  long  as  any  effect  is  produced  (the 
heat  being  kept  up  to  full  rednefs)  by  which 
the  whole  of  the  metal  is  oxydated  in  the  higheft 
degree.  When  cold,  diilblve  out  all  the  foluble 
part  of  the  contents  of  the  vcfl'el,  and  a- very 
pure  white  oxyd  of  tin  will  be  left  behind, 
w'hich  is  lometimes  ufed  as  the  bafe  for  opake 
enamel  colours,  tltougli  this  in  general  is  a 
mixture  of  the  oxyds  of  tin  and  lead  made  by 
calcination.  The  loluble  part  of  the  refidue 
from  the  deflagration  of  tin  and  nitre,  confifts  of 
the  undccompofed  nitre,  if  any,  together  with 
the  potafh  of  the  portion  which  has  been  de- 
compofed,  in  a caultic  ftate,  and  holding  a con- 
fiderable  quantity  of  the  fame  oxyd  of  tin  in 
folution,  which  may  be  feparated  by  faturation 
with  an  acid.  This  oxyd  of  tin  by  nitre  may 
be  prepared  rather  more  conveniently  by  previ- 
oufly  mixing  together  one  part  of  tin  filings 
with  three  parts  of  nitre,  and  proje£ling  the 
mixture  by  fpoonfuls  into  a crucible  made  very 
hot.  The  grey  oxyd  with  a fmaller  quantity  of 
nitre  will  anfwer  equally  well. 

It  does  not  appear  that  an  exacT  analyfis  has 
been  made  of  the  dift’erent  oxyds  of  tin  formed 
by  the  mere  a£Iion  of  fire  and  air,  but  the 
white  oxyd,  which  is  that  formed  by  compleat 
combuftion  at  a ftrong  heat,  is  probably  at  the 
higheft  ftate  of  oxygenation,  and  therefore  in 
its  compofition  refembles  the  perfe£t  oxyd 
made  by  nitric  acid,  which  will  be  prefently 
mentioned. 

A very  marked  difference  is  found  in  the 
chemical  properties  of  the  higher  and  lower 
oxyds  of  tin.  The  grey  oxyd  [or  si/b-oxyd  as  it 
may  be  termed  for  diftinClion)  made  by  calcin- 
ation at  a low  heat,  takes  fire  when  brought  to 
a full  red,  and  affumes  a white  colour  with 
increafe  of  oxydation — it  detonates  with  nitre, 
and  is  thus  converted  to  the  higher  oxyd — it 
dillblves  in  muriatic  acid  with  emiffion  of  hy- 
drogen, and  in  dilute  nitric  acid — when  in  folu- 
tion it  gives  a black  brown  precipitate  with 
fulphuret  of  potafli,  and  a black  with  corrofive 
mercurial,  muriat — and  it  is  reduced  to  the  me- 
tallic ftate  again  with  the  utmoft  eafe,  by  being 
moderately  heated  with  pitch,  charcoal,  or  any 
carbonaceous  matter.  On  the  other  hand,  the 
luhite  or  perfcB  oxyd  is  not  further  changed  by 
the  aftion  of  fire  except  being  fufed  by  it  when 
.very  intenfe,  during  which  it  again  lofes  part 
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of  its  oxygen— excites  no  deflagration  with 
nitre — is  inibluble  in  dilute  nitric  acid — and  is 
not  readily  reduced  to  the  metallic  ftate.  There 
are  befides  feveral  other  important  differences 
between  the  falts  and  compounds  of  thefe  two 
oxyds,  as  will  be  feen  further. 


Sulphuric  acid  diluted  with  about  a fourth 
part  of  water,  will  diffolvc  about  a quarter  of 
its  weight  of  tin,  when  this  metal  is  added  in 
fmall  grains  or  filings,  and  the  folution  affifted 
by  a moderate  heat.  An  eftervefcence  of  ful- 
phurous  acid  vapour  arifes,  and  lometimes  ful- 
phur  in  fubllance  is  produced®  from  the  total 
decompofition  of  part  of  the  acid,  which  fwims 
on  the  furface  of  the  folution  when  hot,  but 
fubfides  on  cooling.  The  colour  of  this  fulphat 
of  tin  is  yellowdfli  brown,  which  becomes  clear 
on  {landing.  When  faturated  it  depofits,  after 
a w'hile,  needled  cryflals  of  fulphat  of  tin.  If 
the  folution  is  evaporated  ahnoll  to  drynefs,  it 
becomes  on  cooling  a white  femi-opake  mafs, 
which  is  moftly  again  foluble  in  water.  When 
lulphat  of  tin  has  been  long  boiled,  a copious 
white  precipitate  fubfides  which  will  not  again 
diflblve,  and  confifts  of  the  perfebl  oxyd  of 
tin  retaining  a fmall  portion  of  the  acid,  and  is 
therefore  a lub-fulphat.  The  fupernatant  liquor 
on  copious  dilution  with  water  yields  a further 
quantity  of  a fimilar  white  precipitate,  after 
which  fcarcely  any  of  the  metallic  fait  remains 
in  the  folution.  A fimilar  precipitare  takes 
place  in  a greater  length  of  time  by  fimple  ex- 
pofure  of  the  folution  of  the  fulphat  to  the  air.  It 
is  probable  therefore  that  the  only  permanently 
foluble  ftate  of  union  between  fulphuric  acid  and 
tin  is  w'hen  the  metal  is  at  an  inferior  degree  of 
oxydation,  and  that  thefe  precipitations  are  oc- 
cafioned  chiefly  by  an  increafe  of  oxydation  of 
the  metallic  fait,  which  is  alfo  analogous  to  tlie 
habitudes  of  the  other  falts  of  this  metal.  The 
fulphuric  acid  wdien  much  diluted  has  no  fenfi- 
ble  aclion  on  tin,  but  it  would  probably  diflblve 
its  fub-oxyd. 

The  a£Hon  of  nitric  acid  upon  tin  is  ex- 
tremely curious.  When  this  acid,  highly  con- 
centrated, is  poured  upon  tin  filings,  no  aclion 
W'hatever  enfues,  but  on  dilution  with  a little 
water  a moft  violent  eftervefcence  immediately 
follows,  more  violent  than  with  any  other  me- 
tal, a prodigious  eruption  of  nitrous  gas  takes 
place,  and  the  metal  is  fpeedily  reduced  to  a 
bulky  white  powder,  which  is  the  perfefl  oxyd 
of  tin  retaining  a fmall  portion  of  the  acid. 


When  the  a£lion  of  the  acid  is  over,  and  the 
mixture  has  been  diluted  with  water,  and  al- 
lowed to  clear  by  fubfidence,  the  fupernatant 
liquor  is  moderately  acidulous,  but  contains 
fcarcely  a particle  of  metal  in  folution,  fo  that 
it  may  be  faturated  with  an  alkali  with  very 
little  change  of  its  tranfparency';  but  on  evapor- 
ation nearly  to  drynefs  it  depofits  in  the  form 
of  a white  oxyd  what  little  of  the  metal  it  flill 
retained.  Tin  may  however  be  diflblved  in  ni- 
tric acid,  if  it  be  confiderably  diluted,  without 
exciting  any  eftervefcence.  In  this  ftate,  when 
the  metal  is  immerfed  in  the  acid  it  gradually 
falls  to  pieces  In  the  form  of  a black  powder,‘* 
which  is  quietly  diflblved  in  the  acid  till  the 
whole  difappears,  or  till  the  acid  is  faturated. 
Some  heat  is  given  out  in  the  procefs,  which 
ftiould  be  checked  by  putting  the  veflel  in  cold 
water  ; and  to  make  a faturated  folution,  the 
tin  fhould  only  be  added  in  finall  quantity  at  a 
time. 

This  folution  is  yellow,  and  in  a day  or  two 
it  depofits  fpontaneoully  part  of  its  metal  In  the 
form  of  an  oxyd,  or  immediately,  if  at  all 
heated.  Both  the  folution  and  the  oxyd  how- 
ever contain  the  metal  in  the  lower  ftate  of 
oxydation,  for  both  the  former,  and  the  latter, 
when  rediflblved  in  muriatic  acid,  precipitate 
corrofive  muriat  of  mercury  black.  If  nitric 
acid  is  added  to  the  folution,  and  heat  applied, 
a copious  eftervefcence  arifes,  and  the  whole  of 
the  tin  feparates  as  white  or  perfe<fl  oxyd. 
The  union  between  nitric  acid  and  oxyd  of  tin 
therefore  is  very  weak  and  little  permanent,  and 
only  exifts  when  the  metal  is  in  the  ftate  of 
fub-oxyd. 

Whenever  tin  Is  diflblved  or  oxydated  by  ni- 
tric acid  ammonia  is  generated,  and  in  very 
fenfible  quantity.  The  produblion  of  this  alkali 
is  remlered  very  apparent  in  the  following  w'ay. 
Moiften  a few  drachms  of  tin  filings  with  nitric 
acid  fomewhat  diluted,  and  in  the  midll  of  tlie 
eftervefcence  excited  thereby  add  a quantity  of 
quicklime  in  powder,  when  on  rubbing  them 
together  a very  pungent  fmell  of  volatile  alkali . 
wdll  be  perceived.  In  this  cafe  the  ammonia 
which  is  formed,  firft  unites  with  part  of  the  ni-  ■ 
trie  acid,  but  is  again  expelled  from  it  by  the  lime, 
and  being  volatilized  is  made  obvious  to  the 
frncll.  The  production  of  ammonia  implies  a very 
complicated  action.  As  this  alkali  is  not  con- 
tained, as  fuch,  in  the  nitric  acid,  the  water,  or 
the  tin,  it  muft  be  produced  by  the  Inftantaneous 
combination  of  its  elements,  azot  and  hydrogen^ 
during  the  mutual  action  of  thefe  three  bodies. 
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Of  thefe  the  nitric  acid  alone  can  furnifli  the 
azot,  and  the  water,  the  hydrogen ; confe- 
quently  a portion  of  nitric  acid  mull  be  totally 
decompofed  into  its  ultimate  conftituents,  azot 
and  oxygen  ; and  a correfpondi  -g  portion  of 
"the  water  mult  be  equally  refolved  into  hydro- 
gen and  oxygen.  This  double  decorr.pofition 
therefore,  and  the  union  of  the  azot  ot  the  one 
with  the  hydrogen  of  the  other  to  form  anr- 
monia,  mult  leave  a difpofable  quantity  of  oxy- 
gen from  each,  which,  as  it  does  not  fly  off  in 
the  form  of  gas,  mull  be  fixed  by  fome  of  tlie 
fubftances  prefent,  which  is  doubtiefs  the  metal 
in  this  inftance,  as  it  is  oxygenated  to  the 
highefl;  polfible  degree,  and  contains  a large 
quantity  of  this  principle.  A great  pro- 
portion of  the  oxygen  is  alfo  furnilhed  by  the 
dire6t  decompofition  of  the  nitric  acid,  by 
means  of  the  metal,  as  is  proved  by  the  copi- 
ous production  of  nitrous  gas,  and  alfo  of 
f!iirous-oxy(f,  as  has  been  mentioned  under  that 
article.  The  quantity  of  ammonia  generated 
has  been  eftimated  by  an  experiment  of  Guy- 
ton.s He  heated,  in  a retort,  two  parts  of 
nitric  acid  with  three  of  tin,  diluting  the 
acid  largely  with  water.  Though  there  was  a 
very  marked  a6tion  between  the  acid  and  metal, 
no  gas  was  given  out,  but  the  refidue  contained 
nitrat  of  ammonia,  of  which  the  ammonia 
amounted  to  nearly  the  twentieth  part  of  the 
joint  weight  of  the  acid  and  the  tin  employed. 

The  white  perfedl  oxyd,  produced  by  the  ut- 
moft  adtion  of  nitric  acid  on  tin,  is  compofed, 
according  to  Prouft,  of  about  28  per  cent,  of 
oxygen  and  72  of  tin  ; 100  parts  of  the  metal 

receiving  an  increafe  of  40  by  the  oxyge- 
jiaiion.’’ 

Tin  diflblves  coploufly  and  with  eafe  in 
muriatic  acid.  The  folution  goes  on  even  in 
the  cold,  but  with  much  more  rapidity  when 
warmed.  The  muriatic  acid  immediately  lofes 
its  yellow  colour,  a gentle  eflervefcence  arifes, 
and  a quantity  of  hydrogen  is  given  out,  which 
has  a very  peculiar  and  offenfive  fmell,  which 
has  been  compared  to  that  of  old  privies.  This 
has  been  thought  by  fome  to  depend  on  the  fo- 
lution in  the  hydrogen  of  a little  of  the  arfenic 
w'hich  moll  tin  contains,  forming  that  peculiar 
modification  of  this  gas  which  has  been  already 
deferibed  under  the  Arfcnicated  Hydrogen. 

However,  though  it  is  certain  that  when  arfenic 
prefent  fome  of  it  may  be  volatilized  by  the 
hydrogen,  it  does  not  appear  very  probable 
that  this  is  the  foie  caufe  of  this  very  peculiar 
fmell  of  the  liydrogen  frotn  tin,  fince  the  purell 
* Encj’cl.  Method  Avt.  Etaiy. 


poflible  tin  gives  the  fame  gas,  and  therefore 
we  Ihould  rather  confider  it  as  owing  to  the  vo- 
latilization of  a minute  quantity  of  the  tin  itfelf. 

The  moft  concentrated  muriatic  acid  will 
diflolve,  in  a boiling  heat,  more  than  a quarter 
of  its  weight  of  tin,  and  a blackifli-grey  infolu- 
ble  powder  is  left  behind,  which  has  not  been 
examined.  The  folution  contains  an  excels  of 
acid,  however  highly  it  is  faturated  with  metal, 
which  excefs  is  elfeutial  to  this  muriat  when 
foluble  in  water.  It  is  perfedlly  limpid  and 
colourlefs  as  water,  has  a ftrong  ftyptic  and 
metallic  tafte,  and  contains  the  metal  in  the 
lowell  flate  of  oxydation.  It  is  therefore  pro- 
perly a muriaied  fub-oxyd  of  tin  ; and  fliall  at 
prefent  give  it  this  term,  to  diftinguifh  it  from 
another  muriat  in  which  the  tin  is  in  a high 
ftate  of  oxydation,  and  which  we  may  term 
muriated  fuper-oxyd. 

Each  of  thefe  falls  has  very  remarkable  and 
diflinguilhing  properties. 

The  hot-faturated  folution  of  muriated  fub- 
oxyd  depofits,  on  cooling,  an  abundance  of 
cryftals  of  the  fait,  which  are  generally  in  the 
form  either  of  fmall  fcales,  or  of  long  acicular 
prifms.  A further  quantity  may  be  obtained 
by  evaporation.  Thefe  cryftals  when  redilTolved 
and  evaporated  again  (retaining  a flight  excefs 
of  acidj  may  be  obtained  larger  and  more  regu- 
lar, but  by  expofure  to  air  the  nature  of  the 
fait  is  gradually  changed  by  the  abforption  of 
oxygen.  The  union  of  the  oxyd  of  tin,  in  either 
ftate,  w'ith  muriatic  acid,  is  much  more  perma- 
nent than  with  the  nitric  or  fulphuric  acid,  fo 
that  the  folution,  when  fliglitly  acidulous,  may 
be  repeatedly  heated  iind  cooled  without  de- 
pofiting  its  oxyd. 

The  muriated  fub-oxyd  of  tin  is  diftinguifited 
by  its  poflefting  an  extreme  affinity  for  oxygen, 
greater  than  that  of  any  other  metallic  folution; 
in  confcquence  of  which  it  deprives  of  oxygen 
(partially  or  totally)  all  the  metallic  falls,  and 
many  other  bodies,  which  gives  rife  to  an  infi- 
nite number  of  curious  experiments,  the  know- 
ledge and  true  explanation  of  which  is  due 
chiefly  to  the  ingenious  labours  of  Pelletier  and 
Prouft. 

The  following  are  fome  of  the  examples  of 
deoxygenation  produced  by  this  muriat;  but  it 
Ihould  be  premifed,  that  as  the  folution  abforbs 
oxygen  even  from  the  atmofphere,  it  Iliould  be 
kept  in  a well-ciofed  bottle,  and  the  low  degree 
of  oxygenation  will  be  ftill  further  infured  by 
keeping  fome  bits  of  metallic  tin  immerfed  in  it. 

This  folution  does  not  ,affc£l  the  fulphurie 
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»c?d  ; but  when  added  to  the  fulphureous  acid, 
a confiderable  heat  is  excited  in  a few  minutes, 
and  a yellow  fulphuretted  oxyd  of  tin  is  preci- 
pitated. 

Concentrated  nitrous  acid,  added  to  the  folu- 
tion  of  tin,  caufes  an  immediate  extrication  of 
nitrous  gas,  focopious  as  to  be  almoft  explofive,. 
and  the  folution  is  conipleatlyoxygenated* 

Oxymuriatic  acid  is  inllantly  deprived  of  its- 
peculiar  pungent  fmell,  by  adding  a few  drops 
©f  the  folution,  and  the  oxygen  of  the  acid 
unites  with  the  tin. 

White  arfenic,  and  the  arfcnic  acid,  digefted 
with  the  Solution,  are  both  decompofed,  and  a 
black  powder  is  precipitated,  which  is  arfenic 
in  the  metallic  Hate. 

The  red  oxyd  of  mercury  is  decompofed  im- 
mediately by  the  folution,  and  corrofive  muriate, 
by  gentle  heating and  in^  both  cafes  the  metal 
k totally  reduced  into  globules  of  running  mer- 
cury. 

'I  he  white  oxyds  of  antimony  and  zinc  are- 
reduced  by  the  folution,  and  alTume  the  metal- 
lic form. 

The  folutlons  of  filver  undergo  a.  fimilar 
change. 

The  nitro-muriat  of  gold,  added  to  this  fo- 
lution, caufes  that  purple  precipitate  defcribed, 
under  the  article  Gold,  and  called,  after  the 
inventor,  CalTius’s  precipitate., 

The  folutions  of  highly-oxygenated  iron,  fuch. 
as  the  red  fulphat,  are  immediately  brought  by 
this  muriat  of  tin  to  that  ftate  in  which  the  metal 
is  in  the  lowed  degree  of  oxygenation,  which 
Is  the  reafon  why  the  common  yellow  mu- 
riatic acid,  that  ow'es  its  colour  to  iron,  is 
rendered  colourlefs  as  foon  as  tin  is  immerfed 
in  It.  The  folutlons  of  copper  undergo  a fimi- 
lar change. 

Thefe  phenomena  have  been  already  de- 
fcribed fully,  under  the  articles  Copper^  Irony 
and  Pn^ic  acid. 

Hydro-fulphuret  of  potafli  gives  a black 
precipitate  with  this  muriat  of  tin, 

Ladly,  when  a little  of  this  muriat  is  con- 
fined with  oxygen  gas  or  common  air,  it  a<Sts 
like  the  common  eudiometrical  fubdances,  and 
gradually  abforbs  oxygen. 

This  muriat,  when  heated  per  /£■  in  a re  ort, 
fird  gives  out  water  and  acid,  wdiich  carry  up 
a fmall  quantity  of  tin,  after  which  the  re- 
maining muriat  quietly  fufes  in  the  retort, 
without  further  change,  till  the  heat  is  raifed  to 
low  rednefs^  but  it  then  fublimes  almod  en- 
tirely, and  concretes  in  the  neck  of  the  retort 
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in  a folid  form,  leaving  only  a fmall  quantity  of 
a white  oxyd  behind,  which  becomes  fixed, 
owing  to  a deficiency  of  acid. 

The  fublimed  muriat  does  not  appear  to  be 
changed  by  this  procefs,  except  by  the  lofs  of 
part  of  its  acid,  for  by  the  addition  of  a little 
frefli  muriatic  acid,  it  totally  dilTolves,  and,  as 
before,  gives  a black  precipitate  with-  corrofive 
muriat  of  mercury  ; fo  that  it  dill  remains  in  a 
low  degree  of  oxygenation.  On  the  other  hand, 
the  muriated  fuper-oxyd  is  volatile  at  a very 
gentle  heat,  as  we  (hall  prefently  mention ; fo 
that  didillation  furnilhes  a ready  method  of  fe- 
parating  thefe  two  muriats,  the  fuper-oxydated 
fait  rifmg  entirely  at  a much  lefs  degree  of  heat 
than  that  at  which  the  fub-oxydated  fait  acquires 
any  volatility.* 

When  the  crydals  of  the  muriated  fub-oxyd 
are  diflblved  in  a good  deal  of  water,  the  folu- 
tion foon  becomes  milky,  and  a confiderable 
precipitate  is  formed. “ This  precipitate  is. 
foluble  with^  eafe  in  muriatic  acid,  and  this  fo- 
lution gives,  as  at  fird,  a black  precipitate,  with 
corrofive  muriat  of  mercury,  and  with  hydro- 
fulphuret  of  potalh  ; confequently  the  degree  of' 
oxygenation  is  not  altered.  It  alfo  difl’olves  in 
nitric  acid,  and  the  folution  depofits  luna  cor- 
nea with  nitrat  of  filver,  and  confequently 
contains  muriatic  acid.  By  didillation,  in  open 
fire,  it  gives  fome  vapour  of  muriat  of  tin,  and 
afterwards  muriatic  acid,  and  a grey  oxyd  is  left 
behind.  This  precipitate,  therefore,  is  the 
muriat  with  excels  of  oxyd,  or  (what  amounts 
to  the  fame)  the  oxyd  with  deficiency  of  mu- 
riatic acid,  and  would  be  accurately  termed  a 
fub-muriated  fub-oxyd ; and,  on  the  other  hand, 
the  fupernatant  liquor  contains  the  metallic  fait 
with  an  excefs  of  acid,  fo  as  to  redden  litmus, 
Here,  therefore,  as  in  many  fimilar  indances, 
(fuch  as  that  of  the  fulphat  of  mercury  andtur— 
bith)  the  dilution  of  the  fait  with  much  water 
caufes  an  unequal  feparation  of  its  condituent 
parts,  the  infoluble  portion  containing  much 
oxyd  and  little  acid,  and  the  foluble  portion, 
the  reverie.  By  adding  muriatic  acid,  all  the 
precipitate  difappears,  and  the  whole  becomes 
an  uniform  folution,  with  excefs  of  acid.  Iti. 
all  thefe  changes  tlie  degree  of.oxydation  is  not,, 
apparently  changed. 

The  ailion  of.  the  alkalies  and  alkaline  earths 
on  the  folution  of  muriated  fub-oxyd  of  tin,  is 
curious  and  complicated.  If  a few  drops  of 
caudic  potsih,  for  example,  are  added  to  this 
folution,  a white  precipitate  takes  place,  which, 
however,  is  not  a pure  oxyd  of  tin,  as  might  b# 
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fuppofed,  but  a fuh-munat,  pteclfely  tbe  fame 
as  the  laic  produced  by  adding  much  water 
to  the  cryltailized  m.uriat.  The  fupernatant 
liquor  it  Jlill  acidulous,  fo  that  the  firlt  efFedl 
of  the  alkali  is  not  to  faturate  the  whole 
excefs  of  acid,  but  to  abltracl  the  greater 
part  of  he  acid  Irom  that  portion  only  of  the 
muriat  which  is  precipitated  as  a fub-muriat. 
This  aiTion  of  rhe  alka.i  coutiiines  to  the  laft,  fo 
that  as  long  as  a paiticle  of  muriat  of  tin  remains 
in  folution,  it  remains  acidulous.  If  the  ad- 
dition of  potaflr  is  continued  after  all  the  metal 
is  precipitated  from  the  folution  as  a fub-muriat, 
(no  artificial  heat  being  ufed)  this  precipitate 
gradually  difappears,  and  a triple  combination 
of  muriatic  acid,  potaih,  and  fub-oxyd  of  tin, 
is  formed,  which  is  partly  cryftallizable  in 
rhomboidal  prifms.  The  triple  fait,  produced 
in  a fimilar  manner,  by  ammonia  and  by  barytes, 
ailumes  the  fame  form;  when  by  foda  or  ftron- 
tiaii,  the  form  is  that  of  fine  needles ; the 
muriat  of  tin  and  lime  is  deliquefeent.  If, 

liovrevcr,  the  precipitated  fub-muriat  is  digefted 
v/ith  an  alkali,  and  heat  ap[>lled,  the  acid  is  to- 
tally feparated  from  the  oxyd,  and  the  latter  is 
either  re-diflblved  in  the  alkali,  or,  if  but  little 
alkali  be  ufed,  moft  of  it  remains  at  the  bottom 
in  the  form  of  a pure  grey  fub-oxyd,  in  which 
the  proportion  of  oxygen  is  only  about  22  per 
cent,  whereas  the  fuper-oxyd  formed  by  nitric 
acid  and  tin,  and  deprived  of  its  fmall  retent  of 
acid  in  the  fame  way,  contains  about  28  per 
cent,  of  oxygen. 

The  carbonats  of  potafli  and  foda  precipitate 
the  folution  of  muriat  of  tin  with  a brilk  effer- 
vefcence.  The  precipitate  is  not  however  a 
carbonat  of  tin,  but  a fub-muriat,  as  with  the 
pure  alkalies,  and  an  excefs  of  the  carbonat  in 
the  fame  manner,  re-diffo!ves  the  precipitate. 

Another  change,  however,  takes  place,  when 
the  alkalies  arc  digefted  with  the  oxyds  of  tin. 
The  alkalies  diflblve  both  thefe  oxyds,  but  their 
affinity  with  the  fuper-oxyd  is  much  greater 
than  with  the  fub-oxyd  ; whence  it  happens, 
that  if  a clear  folution  of  the  fub-oxyd  in  caiiftic 
potaflr  be  kept  in  a perfedlly  clofed  veffel,  at 
the  end  of  ten  or  twelve  days  a fmgular  cauli- 
flower-fiiaped  depniit  is  formed,  which  Prouft 
confukrs  as  regu'ine  tin,  but  which  appears 
i-ather  to  be  tin  in  an  extremely  low  ftate  of 
_rn  vdation,  as  it  is  foluble  in  cold  muriatic  acid, 
wiinout  giving  out  hydrogen.*  The  luper- 
nTitunt  alkaline  liquor,  on  the  other  hand,  now 
contains  tlie  metal  in  the  higheft  ftate  of  oxyda- 
%vn ; for  when  feparated  from  the  alkali  by 


muriatic  acid,  and  re-diffolved  in  the  fame 
menftruum,  it  gives  no  precipitate  whatever  to 
the  folution  of  corrofive  mercurial  muriat,  which 
is  a teft  of  the  fuper-oxydated  folutions. 

In  this  cafe  an  unequal  divifion  both  of  the 
metal  and  oxygen  takes  place  ; one  part  of  the 
metal,  in'^o  which  the  greater  part  (if  not  all) 
of  the  oxygen  is  condenfed,  forms  a permanent 
union  with  the  alkali,  and  the  remainder  of  the 
metal  falls  down  nearly  in  the  reguline  ftate, 
and  fym metrically  arranged.  This  change 
takes  place  more  fpeedily,  by  boiling  a folution 
of  potafh  on  a greater  quantity  of  the  oxyd  pre- 
cipitated from  a muriat  than  it  is  capable  of  dif- 
folving. 

We  proceed  to  the  Super-oxydated  Muriat. 
This  fait  was  long  partially  known,  before  its 
true  nature  was  explained,  as  it  conftitutes, 
when  concentrated  by  diftillation,  that  fmgular 
fmoking  compound  firft  difeovered  by  Libavius, 
which  on  that  account  was  termed  SmokingLiquor 
of  Libavius.  It  is  prepared  in  the  following  way : 
melt,  in  an  iron  ladle,  5 oz.  of  pure  tin,  add  to 
it  5 drams  of  mercury,  ftir  them  together,  and 
pour  out  the  amalgam  into  a marble  mortar, 
into  which  put  20  oz.  of  corrofive  mercurial 
muriat  in  fine  pow'der,  and  mix  the  whole 
thoroughly.  Put  the  whole  of  the  mixture  into 
a glafs  retort,  with  a receiver,  not  quite  clofely 
luted,  and  apply  a moderate  heat,  with  an 
Argand  lamp  or  a fand  bath.  At  firft,  about 
5 oz.  of  a colourlefs  liquid  diftills  over  quietly, 
after  which  there  rifes,  quite  luddenly  and  with 
a moderate  explofion,  a great  quantity  of  white 
heavy  vapour,  which  condenfes  into  a tranfpa- 
rent  liquid,  and  mixes  with  that  w'hich  has  firft 
paffed.  This  is  to  be  quickly  poured  into  a 
well-ftoppered  glafs  phial,  and  is  the  Smokiug 
AIuriatqfTiu,  or  Liquor  of  Libavius.  The  ufe  of 
the  mercury,  in  amalgamating  the  tin,  is  merely 
for  the  convenience  of  dividing  it,  as  the  filings 
of  tin  alone,  with  the  corrofive'  muriat,  will 
anfwer  the  fame  purpofe. 

Prouft  gives,  as  the  beft  proportions,  8 oz. 
of  powder  of  tin,  (^probably  inch  as  is  made  by 
melting  the  metal,  and  fliaking  it  in  a box)  and 
2+  oz.  of  corrofive  fublimate,  which  affords  9 
oz.  of  the  fmoking  liquor. 

If  the  receiver  be  changed  after  tbe  fn  o iig 
liquor  has  come  over,  and  the  heat  be  very  much 
iiicreafed,  a folid  butter  of  tin  fiill  fublimes, 
which  appears  to  be  tlic  murlated  fub-oxyd, 
mixed  with  globules  of  mercury,  when  the 
amalgam  has  been  originally  employed.  'i'o- 
gether  v.dth  this  muriat  there  rifes  a quantity 
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•of  calomel  arlfmg  from  the  partial  decomipo- 
fition  of  the  corrofive  muriat,  and  if  the  heat 
lias  been  kept  at  rednefs  for  a fufficient  time, 
all  the  muriated  fub-oxyd  of  tin,  caloinel,  and 
running  mercury,  will  be  fublimed,  and  only 
a grey  powder  left,  which  is  probably  chiefly 
a fub-oxyd  of  tin. 

The  fmoking  muriat  when  inclofed  in  a bottle 
prefents  nothing  remarkable,  but-the^empty  part 
of  the  bottle  above  the  level  ©f  the  liquid  foon 
becomes  lined  with  cryltalline  needles,  which 
-generally  caufe  the  ftopper  to  adhere  to  a very 
troublelome  degree.  When  this  liquor  is  ex- 
pofcd  to  the  air  it  immediately  fends  forth  a 
quantity  of  denfe  white  vapours  w'hich  excite 
coughing,  and  condenfe  into  a femi-cryftallized 
pellicle  on  the  contiguous  furfaces.  The  pre- 
cife  nature  of  this  fnigular  liquid  has  been  il- 
luftrated  by  a very  ingenious  feries  of  experi- 
ments by  M.  Adet,®  and  afterwards  by  M. 
Pelletier.* 

From  thofe  of  tlieformer  chemifl  we  have  the 
following  fadfs 4 when  a little  of  this  liquor  is 
poured  into  a cup,  and  enclofed  under  a bell-glafs 
over  -water,  the  whole  of  it  evaporates  in  white 
fumes,  w^hich  prefently  cfyftallize  on  the  fides 
of  the  glafs  in  the  form  of  a faline  vegetation. 
Thefe  cryllals  have  now  loft  the  property  of 
•fmoking,  are  fcmewhat  deliquefcent,  and  readi- 
ly diflblve  in  water  into  an  acid  folution  of 
muriat  of  tin.  This  cryftallized  condenfation 
of  the  vapour  is  owing  to  its  union  vdth  the 
moifture  held  in  folution  in  the  air,  and  which 
is  conftantly  fupplied  by  the  water  over  which 
the  veflel  (lands,  fo  tliat  in  fa£l  this  fubftance 
is  a mod  powerful  hygrometer.  In  proof  of 
which  M.  Adet  found,  that  when  the  fuming 
muriat  was  confined  with  a fmall  quantity  of 
dry  air,  fcarcely  any  of  the  cryftalline  vegeta- 
tion was  depofited,  but  it  imme<liatcly  appeared 
when  the  air  from  the  lungs  was  introduced, 
which  is  known  to  be  loaded  with  moifture. 
T-ke  fmoking  .muriat  therefore  lofes  its  fmoking 
property,  and  folidifies  by  union  with  a certain 
quantity  of  water,  and  is  again  reducible  to  a 
liquid  by  a greater  proportion  of  water.  This 
may  alfo  be  (hewn  more  divedlly  j when  the  mu- 
riatis  mixed  with  not  move  than  itbout  a third  of 
its  weight  of  water,  much  heat  is  given  out, 
and  the  whole  luddenly  congeals,  at  a common 
temperature.  At  the  hime  time  a number  of 
bubbles  of  gas,  apparently  pretty  pure  azot,  are 
given  out,  the  caufe  of  which  is  not  very  ob- 
vious, but  it  feems  to  bpar  an  analogy  with  the 
expulficn  of  air  from  water,  and  all  other  li- 
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quids  in  the  a£l  of  freezing ; and  both  in  thi* 
circumftance,  as  well  as  in  the  evolution  of  calo- 
ric, -the  fixation  of  the  water  may  be  confidered 
as  equivalent  to  congelation.  This  folid  mafs 
readily  liquefies  in  a gentle  warmth,  and  by  the 
addition  of  more  water  it  is  refolved  into  a mere 
folution  of  the  fuperoxydated  muriat  of  tin  with- 
out giving  out  any  more  vapours. 

The  habitudes  of  this  muriat  with  reguline 
tin  throw  much  light  upon  its  true  nature.  If 
this  muriat,  diluted  with  fo  much  water  as  to 
become  folid  when  cold,  is  liquefied  by  heat 
and  digefted  with  fome  filings  of  tin,  a con- 
fiderable  portion  of  the  frefli  metal  is  difl'olved, 
-without  the  difengagement  of  hydrogen  or  any  gas 
whatever,  and  w'hen  faturated,  the  folution  has 
now  loft  all  the  chara£leriftic  properties  of  the 
fmoking  muriat,  will  bear  being  heated  to  red- 
nefs with  very  little  lofs  by  fublimation,  and 
then  concretes  into  a brown  mafs  which  clofely 
refembles  the  common  fufed  muriated  fub-oxyd. 
This  ftriking  experiment  (liews,  in  the  fiilt 
place,  that  the  tin  in  the  fmoking  muriat  is  in  a 
high  (late  of  oxydation,  fo  that  it  can  impart  a 
portion  of  oxygen  to  an  additional  quantity  of 
metal  fufficient  for  its  folution  •,  for  as  no  hy- 
drogen is  given  out,  the  oxygenation  of  tlie 
freffi  portion  of  metal  cannot  (as  in  the  com- 
mon folution  in  the  muriatic  acid)  arife  from 
the  decompofition  of  water.  It  alfo  ffiews  that 
tin  in  a low  (late  of  oxydation  requires  much  lets 
muriatic  acid  for  its  folution  than  in  the  higher 
ftate,  (and  confequently  that  its  affinity  for  the 
acid  is  fti'onger)  othervvife  the  tin  Lift  added, 
though  oxydated,  could  not  be  held  in  folution, 
as  it  is,  and  with  that  fenfible  excefs  of  acid 
which,  as  we  have  already  mentioned,  is  eflen- 
tial  to  a folution  of  the  muriated  fub-oxyd, 
Pelletier  in  his  experiments  on  muriat  of  tin 
(many  of  which  have  been  already  related)  en- 
deavoured to  form  the  fmoking  muriat  by  com- 
pleatly  oxygenating  the  common  folution  of  tin 
in  muriatic  acid.  This  he  effedied  by  palling 
oxymuriatic  gas  through  this  folution,  which  ab- 
forbsit  readily,  2400  gis.  of  tin  diflblved  in  four 
times  its  weight  of  common  muriatic  acid 
taking  up  2 oz.  of  the  gas.  This  liquid,  boiled 
for  a few  minutes  to  expel  a little  uncom- 
bined  gas  which  it  contained,  yielded  a clear 
limpid  folution,  free  from  the  peculiar  pungent 
fmell  of  oxymuriatic  acid,  in  which  the  metal 
is  certainly  as  highly  oxygenated  as  polfible. 
When  this  folution  was  evaporated  confiderably 
it  depofited  cryllals  exadlly  refembling  thofe 
afforded  by  the  finoking  muriat  when  a bttle 
*■  Momoircs  Je  Pelletier,  torn.  i. 
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diluted  with  water,  and  by  further  evaporation 
a folid  fait  was  obtained,  which,  like  the  fmoking 
muriat  fublimed  totally  in  a moderate  heat.  It 
does  not  appear  whether  this  accurate  chemift 
made  any  further  trials  to  afcertain  the  identity 
of  the  two  folutions,  but  they  appear  to  refem- 
ble  each  other  in  every  property,  but  that  of 
fuming,  which  could  not  be  given  to  the  fo- 
lution  prepared  by  oxymuriatic  acid  gas.  It  is 
probable,  however,  that  this  property  only  de- 
pends on  the  extreme  concentration  of  the  muriat 
prepared  by  diftilling  tin  and  dry  corrofive  mu- 
riat of  mercury,  for  M.  Adet  alfo  found,  that 
on  adding  water  to  thefe  materials  before  dif- 
tillation,  the  diftilled  liquor  was  not  fuming,  but 
refembled  the  fuming  muriat  after  dilution. 

This  muriat  gives  no  precipitate  with  the 
folution  of  gold,  but  only  changes  the  colour  to 
a clear  claret  red.  It  is  decompofed  by  the 
alkalies,  partially  when  cold  and  entirely  when 
heated  but  the  oxyd  of  this  felt  is  more  readily 
foluble  in  an  excefs  of  alkali  than  the  fub-oxyd 
of  the  other  muriat. 

It  may  be  ufeful  to  recapitulate  in  a few 
words  the  chara6teriftic  properties  of  the  two 
muriats. 

The  fub-oxydated  muriat  is  made  limply  by 
diflblving  tin  in  muriatic  acid  ; it  gives  no 
fumes  on  expofure  to  air — gives  a black  pre- 
cipitate with  hydrofulphuret  of  potafh — has  a 
very  ftrong  affinity  for  oxygen,  and  in  confe- 
quence  gives  a black  precipitate  with  corrofive 
fublimate,  which  is  converted  by  heat  into  run- 
ning mercury;  gives  a red  purple  precipitate  with 
nitro-muriat  of  gold,  and  dimini ffies  the  ftate 
of  oxydation  of  all  other  metallic  folutions — ab- 
forbs  oxygen  from  the  air,  and  oxymuriatic  acid 
gas  when  paffed  through  it,  and  deftroys  the  pe- 
culiar fmell  of  the  latter  fubflance — is  cryftal- 
lizable — requires  a low  red  heat  for  its  fubli- 
mation. 

The  fuper-oxydated  muriat  is  made  either  by 
dilTolving  the  perfe£t  oxyd  in  muriatic  acid,  or 
by  faturating  the  former  muriat  with  oxymuri- 
atic gas,  or  by  diftilling  dry  corrofive  fublimate 
of  mercury  and  tin,  in  which  laft  cafe  it  is 
volatile  in  the  atmofphere  in  denfe  fumes, 
v.'hich  cryftallizeby  abforbing  moifture;  it  gives 
a yellow  precipitate  with  hydrofulphuret  of 
potafli,  and  ho  precipitate  at  all  with  nitro-muriat 
of  gold,  or  with  a folution  of  corrofive  muriat 
of  mercury — it  diffolves  a freffi  quantity  of  me- 
tallic tin  without  the  produftion  of  hydrogen, 
and  then  is  changed  to  the  fub-oxydated  felt  — 
it  has  no  further  affinity  for  oxygen  (being  fetu- 


rated  with  this  principle) — and  It  is  totally  vo- 
latilized in  diftillation  at  a very  gentle  heat. 

Muriatic  acid  appears  to  have  a ftronger  af- 
finity for  the  fub-oxyd  of  tin  than  for  the  fuper- 
oxyd,  for  the  folution  of  the  latter  oxyd  gradu- 
ally depofits  a quantity  of  its  oxyd  by  keeping, 
which  the  folution  of  the  former  does  not 
readily  do  unlefs  much  diluted  with  water,  or 
unlefs  it  is  kept  in  a bottle  loofely  ftopped, 
which  allows  it  to  abforb  oxygen  from  the  air. 

On  the  other  hand,  the  alkalies  have  much 
the  ftrongeft  affinity  for  the  moft  highly  oxy- 
dated  tin. 

The  nitro-murlatic  acid  diffolves  tin  copioufly 
and  with  great  eafe,  and  is  the  acid  commonly 
employed  for  the  folution  of  this  metal  in  the 
large  way  for  the  ufe  of  the  dyers,  with  cochi- 
neal colours.  A mixture  of  two  or  three  parts 
of  muriatic  acid  and  one  of  nitric,  forms  the 
beft  proportions  for  this  compound  acid.  A 
violent  effervefcence  is  excited  when  the  tin  is 
immerfed,  and  much  heat  is  generated,  which  if 
too  great,  would  caufe  moft  of  the  metal  to 
feparate  in  the  form  of  a white  infoluble  oxyd, 
fo  that  the  vehemence  of  a£Iion  ffiould  be 
checked  by  fetting  the  veffel  in  cold  water,  and 
adding  the  tin  by  very  fmall  portions  at  a time. 
In  this  way  the  concentrated  nitro-muriatic  acid 
will  hold  in  folution  about  half  its  weight  of 
tin,  but  if  the  acid  is  not  previoufly  a good  deal 
diluted,  it  congeals,when  cold  and  feturated  with 
metal,  into  a tremulous  gelatinous  mafs,  gene- 
rally fomewhat  opalefcent  and  femi-opake, which 
by  keeping,  hardens  confiderably.  The  addi- 
tion of  a fmall  quantity  of  water  only  increafes 
its  folidity,  but  a greater  quantity  reftores  its 
liquidity,  with  the  depofition  however  of  a part 
of  its  metallic  contents,  as  an  infoluble  oxyd. 
When  this  folution  is  heated  a new  eftervef- 
cence  is  excited,  and  if  not  too  dilute,  it  har- 
dens into  a tranfparent  gelly  on  cooling. 

The  folution  addually  made  by  the  fcarlet 
dyers,  ° and  called  by  them  Spirit,  is  prepared 
with  that  fpecies  of  dilute  nitric  acid,  termed 
fmgle  aqua  forth,  to  every  pound  of  which  are 
added  from  one  to  two  ounces  of  common  felt 
or  fel-ammoniac.  The  acid  thus  prepared  will 
diffolve  about  an  eighth  of  its  w'eight  of  tin, 
which  is  previoufly  granulated  by  being  poured, 
when  melted,  into  water  brifldy  agitated  by 
rods.  This  acid  is  ftill  further  diluted,  and  the 
heat  of  folution  is  checked  by  fetting  it  in  cold 
water,  and  adding  the  metal  very  gradually. 
The  procefs  of  folution  is  thus  protracted  to 
two  or  three  days. 
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The  ftate  of  oxydation  of  the  metaljn  this  fo- 
lution  muft  vary,  but  when  it  is  recent,  and  has 
been  made  very  gradually,  and  without  heat, 
the  tin  muft  be  in  low  oxydation,  which  is  the 
ftate  probably  the  moft  defirable  for  the  dyer, 
as  the  acid  is  more  faturated  and  lefs  liable  to 
depofit  oxyd  by  keeping. 

When  tin  filings  are  thrown  into  oxymuri- 
atic  gas  they  take  fire  and  burn  with  a bluifti- 
white  flame.  The  refidue  is  partly  foluble  in 
•water. 

The  liquid  oxymuriatic  acid  diflblves  this 
metal  quietly  v ithout  efFervei'cence.  The  re- 
fuit  is  a muriat  of  tin  more  or  lefs  oxydated 
according  to  the  quantity  of  acid  employed. 

Moft  of  the  vegetable  acids  a£l  upon  tin. 

Vinegar,  either  common  or  diftilled,  when 
digefted  with  tin  filings,  particularly  with  the 
afliftance  of  heat,  aflTumes  a whitifh  opalefcent 
colour,  a difagrceable  fmell  and  metallic  tafte, 
gives  a yellowifli  white  precipitate  with  hydro- 
fulphuret  of  potafti,  and  a deep  purple  precipitate 
with  nitro-muriat  of  gold.  It  therefore  holds 
the  tin  wliich  it  has  diflblved,  in  a low  ftate  of 
oxydation.  This  folution  readily  dcpofits  moft 
of  its  metallic  contents  as  an  infoluble  oxyd, 
when  by  expofure  to  air  it  has  abforbed  an 
additional  quantity  of  oxygen.  If  the  recent 
folution  is  flowly  evaporated  till  it  begins  to 
fiiewa  falinecruft,  and  is  thenfuffered  to  remain 
undifturbcd  in  a cool  place  for  a day  or  two,  it 
depofits  groups  of  needle-formed  cryftals  of 
acetite  of  tin. 

The  acetic  acid,  being  more  concentrated 
than  common  vinegar,  dilTolves  tin  more  readily 
and  in  fomewhat  larger  quantity,  but  even  with 
this  acid  the  quantity  diflblved  is  very  fmall. 

The  fub-oxyd  of  tin  produced  by  faturating 
the  common  muriat  by  a carbonated  alkali,  alfo 
diflblves  in  vinegar,  but  the  perfebt  oxyd  is 
infoluble  in  this  as  in  moft  other  acids. 

Carbonated  water  added  to  a folution  of  ace- 
tited  tin  caufes  a white  powder  to  precipitate, 
which  is  probably  a carbonated  fub-oxyd. 

A very  concentrated  acetite  of  tin  is  made  p 
by  adding  a faturated  folution  of  cryftallized 
muriat  of  tin  to  acetited  lead.  A double  de- 
compofition  takes  place,  muriat  of  lead  is  pre- 
cipitated, and  the  fupernatant  liquor  is  chiefly 
a ftrong  acetite  of  tin.  This  is  ftrongly  re- 
commended by  the  inventor  as  a mordant  for  a 
variety  of  dyeing  procefl'es. 

Tin  is  foluble  in  the  acid  of  tartar,  and  this 
folution  is  of  importance  in  manufabture,  as  it 
is  the  method  by  which  ivet  tinning  is  per- 
» HaulTman, 


formed  on  copper  and  brafs.  Pins  are  whitened 
in  this  manner,  but  by  a compound  menftruum. 

This  procefs  is  eafily  performed : a folution 
of  about  one  part  of  cream  of  tartar,  two  pahs 
of  alum,  and  as  much  common  fait,  is  made  in, 
a moderate  quantity  of  water,  and  tin  filings  or 
granulated  tin  is  thrown  in,  and  the  liquor 
boiled.  The  pins,  which  are  made  of  brafs 
wire  and  perfebtly  bright,  are  then  put  in,  and  ^ 
after  remaining  in  the  boiling  liquor  for  a time, 
they  are  compleatly  covered  -with  a beautiful 
white  uniform  coating  of  tin,  which  is  the  ftate 
in  which  they  are  ufed. 

It  is  not  necefi'ary  to  employlhls  mixture  of 
falts  for  the  mere  tinning  of  copper  or  brafs. 
Either  of  thefe  three  fa  ts  fingly  with  tin  filings 
will  anfwer  the  purpofe,  but  cream  of  tartar 
gives  a duller  and  more  leaden-looking  tinning, 
and  alum  on  the  other  hand  gives  a very 
fine  filver  white  but  without  glofs,  fo  that  the 
mixture  above-mentioned  is  found  to  produce 
the  moft  defirable  hue. 

In  a chemical  point  of  view  this  operation  is 
curious,  and  appears  to  prefent  a contradiblion 
to  the  ufual  laws  of  affinity,  for  -when  tin  is 
immerfed  in  a common  folution  of  copper,  it 
precipitates  moft  of  the  copper  in  the  metailic 
ftate.  • 

The  circumftances  requifite  to  produce  a 
precipitate  of  metallic  tin  on  copper,  have  been 
examined  in  an  able  fet  of  experiments  by  Prof. 
Gadolin,  a S'wedifh  chemift,  an  account  of 
which  is  inferted  in  the  Stockholm  Tranfabfions 
for  1788,  to  which  are  added  fome  other  expe- 
riments and  remarks  by  Baron  de  Gedda.'’  It 
is  to  be  obferved,  that  the  circumftances  relat- 
ing to  the  oxygenation  of  metals  in  their  folu- 
tions  in  acids  were  very  incompleatly  known  at 
that  time,  fo  that  We  may  now  account  for 
phenomena  which  muft  have  been  inexplicable 
at  that  period.  The  fabts  however  cannot  vary, 
and  are  always  valuable.  This  chemift  chiefly 
confined  himfelf  to  the  ablion  of  a Angle  fait, 
namely  tartar,  or  its  acid.  We  flrall  fclebi  and 
give  in  a few  words  fome  of  the  experiments. 

1.  Tartrite  of  potafh  w’as  added  to  nitro- 
muriat  of  tin,  which  caufed  a white  precipitate  of 
tartrite  of  tin,  which  was  edulcorated  and  dried. 
Some  of  this  precipitate  was  boiled  xvith  water, 
and  copper  was  immerfed^  but  the  copper  was 
in  no  degree  altered. 

2.  Some  of  the  above  tartrite  of  tin  was 
acidulated  •with  tartareous ' acid  and  copper 
was  boiled  in  it,  but  with  no  efFeft. 

3.  Some  of  the  fame  tartrite  of  tin  was  treated 
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treated  as  in  tlic  lail;  expeviment,  but  with  the 
aildition  of  fome  leaf-tiji  and  the  copper  was 
now  compleatly  tinned, 

4-  ihe  laft  experiment  was  repeated,  but 
witliout  an  excefs  of  acid,  and  no  effedf  was 
produced  on  the  copper. 

5.  Cream  of  tartar,  tin  filings,  and  a piece 
of  copper,  were  boiled  together,  and  the  copper 
was  compleatly  tinned. 

Thefc  experiments  fliew  that  in  order  to  pre- 
cipit.ite  tin  upon  copper  by  means  of  tartar,  it 
is  neceflary,  both  that  fome  metallic  tin  fliould 
be  prefent  in  the  folution,  and  that  the  folution 
fliould  contain  an  excefs  of  acid, 

6.  Some  oxyd  of  copper  arifing  from  the 
decompofuion  of  blue  vitriol  by  an  alkali,  was 
firll  boiled  in  a folution  of  cream  of  tartar,  af- 
ter which  both  tin-leaf  and  copper  were  intro- 
duced, und  the  whole  boiled  together  for  three 
hours.  Both  the  copper  and  tin  were  covered 
with  a cruft  of  blackifli  metallic  alloy. 

7.  Some  copper  was  tinned  by  boiling  with 
tin  and  a folution  of  tartar.  The  liquor  after 
the  copper  was  withdrawn  was  not  changed  to 
blue  by  volatile  alkali,  and  hence  was  inferred 
to  contain  no  copper,  though  when  expofed  to 
the  light  fome  faint  blue  ftreaks  were  obferv- 
able.  . 

8.  The  fame  experiment  vi^as  repeated  with 
tartar,  alum,  and  fait,  (the  ufual  mode  of  tin- 
ning) and  no  indications  of  copper  were  fur- 
niflied  by  the  volatile  alkali. 

9.  Copper  was  tinned  with  each  of  the 
above  three  falts  fingly,  and  in  neither  inftance 
did  the  volatile  alkali  give  any  indications  of 
diflblved  copper  in  the  liquor. 

10.  Tin-leaf  was  boiled  for  an  hour  with  a 
folution  of  cream,  cf  tartar.  The  tin  was  then 
withdrawn  and  a bar  of  iron  introduced,  and 
the  boiling  continued.  The  iron  was  foon 
blackened  at  its  furface,  and  after  three  quarters 
of  an  hour,  was  covered  with  a mixture  of  re- 
duced metallic  tin  and  oxyd  of  tin,  and  the  iron 
had  loft  weight  in  the  procefs. 

Hence  as  iron  was  found  to  precipitate  tin  in 
a metallic  ftate  from  its  folution,  it  was  con- 
joelurcd  that  iron  added  to  a folution  of  tin,  in 
which  copper  was  iminerfed,  might  determine 
the  tinning  of  the  copper.  The  experiment 
however  fucceeded  but  imperfedUy  when  tartar 
was  ufed,  owing  to  the  languor  of  its  aftion  on 
iron,  and  even  when  a few  drops  of  fulphuric 
acid  were  added,  the  tin  was  precipitated  folely 
on  the  iron,.  whilft  the  furface  of  the  copper 
remained  un’alterctl,  but  witli  alum  it  was  tlif- 
ferent. 


,11.  Sortie  tin-leaf  was  boiled  with  a folution 
of  alum  for  half  an  hour  and  then  withdrawn. 
Into  tlie  folution  were  then  introduced  a piece 
of  poliflied  copper,  and  fome  iron  filings.  The 
latter  were  adled  on  with  much  rapidity,  and 
in  a few  minutes  the  copper  was  covered  with 
a pellicle  of  tin,  which  in  half  an  hour  gave  it 
the  appearance  of  fine  filver  unpoliflicd. 

12.  Tin-leaf  and  a folution  of  alum  were 
boiled  together.  The  tin  was  then  taken  out, 
and  into  the  folution  both  iron  and  copper 
were  introduced,  each  poliflied.  After  a few 
minutes  boiling  both  thefe  metals  were  highly 
tinned. 

13.  Some  fulphat  of  copper  was  diflblved  in 
water,  tin  leaf  was  added,  and  the  mixture 
was  expofed  to  a moderate  heat  for  fome  days 
in  a well  clofcd  phial.  In  a few  days  the 
colour  of  the  folution  entirely  difappeared,  and 
the  copper  precipitated  to  the  bottom  of  the 
yefl'el.  The  clear  fupernatant  fluid  was  diftri- 
buted  into  three  phials,  into  the  firft  of  which 
was  put  copper  and  tin  ; into  the  fecond,  cop- 
per and  iron;  and  into  the  third,  copper  alone. 
They  were  well  corked,  and  after  digeftion  in 
moderate  heat  for  fome  hours  the  copper  in  the 
firft  phial,  and  the  copper  and  iron  in  the  fe- 
cond were  well  tinned,  but  the  copper  in  the 
third  remained  unaltered. 

From  the  above  experiments  we  may  clearly 
make  out  that  the  ftate  of  the  folution  of  tin, 
wdien  it  is  difpofed  to  precipitate  in  a metallic 
form  on  the  furface  of  copper  immerfed  in  it, 
is  that  of  the  loweft  degree  of  oxydation,  which 
is  obtained  either  by  keeping  fome  undiflblved 
tin  In  the  folution  or  (E.xp.  10  and  ii)  by  in- 
troducing iron.  The  great  difficulty  which  oc- 
curred to  the  author  of  thefe  experiments  was 
to  account  for  the  precipitation  of  the  tin  when 
there  did  not  appear  to  be  any  copper  diflblved 
during  the  procefs,  for  in  all  other  metallic 
precipitations  (as  that  of  copper  on  iron  for  ex- 
ample) the  feparation  of  one  metal  from  the 
folution  is  attended  with  the  folution  of  a cor- 
refponding-quantity  of  the  other  metal. 

The  difficulty  is  increafed  too  by  the  faH 
that  when  tin  is  immerfed  in  a folution  of  cop- 
per tlie  copper  is  precipitated,  and  a portion  of 
the  tin  is  diflblved,  fo  that  the  diredl  affinity  of 
acids  for  tin  is  greater  than  for  copper. 

The  hypothefis  given  by  Prof.  Gadolin  to 
explain  this  is  highly  ingenious.  Fie  obferves 
that  as  a very  ftrong  affinity  e.xifts  betw^een  tin 
and  copper,  this  affinity  operates  on  the  me- 
tallic part  of  the  folution  of  the  tin  immediately 
in  cont.a<n  with  the  copper,  and  caufes  its  fepa- 
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ration  in  the  metallic  fArm,  whilfl  the  remain- 
der of  the  tin,  which  is  the  greatdl  portion, 
undergoes  a greater  degree  of  calcination  (i.e. 
oxygenation)  and  hence  too  the  folution  after  its 
utmofl  adtion  on  copper  ftill  retains  a quantity 
of  tin.  In  other  words,  the  diflolved  tin  di- 
vides itfcif  into  two  portions,  one  of  which  re- 
turns to  the  inetalllc  ftate,  and  adheres  to  the 
copper,  whilfl;  the  whole  of.  the  oxygen  con- 
denfes  in  the  other  portion,  which  remains  dif- 
folved. 

To  fliew  that  a correfponding  folution  of  the 
precipitant  {i  e.  the  copper)  is  not  neceffary  to 
the  reparation  of  the  precipitate.^  M.  Gadolin 
boiled  loine  fine  gold  with  tin  and  tartar,  and 
after  a fhort  time  the  gold  was  compleatly  co- 
vered with  a coating  of  reduced  tin,  and  it 
cannot  be  fiippofcd  that  any  of'  the  gold  firould 
have  been  difiblved  by  the  tartar.  This  experi- 
ijrcnt  would  have  been  more  compleat  if  the  tiiv 
had  been  again  feparated  from  the  gold  by  mu- 
riatic acid,  and  the  gold  had  been  weighed  be- 
fore and  after  the  operation,  but  if  this  ftate- 
ment  is  accurate  (which  there  is  no  apparent 
reaibn  to  doubt)  it  is  a curious  fa£f,  and  one 
for  which  in  addition  to  M.  Gadolin’s  explana- 
tion, we  mult  probably  refer  to  the  late  dlfco- 
vered  experiments  in  Galvanifm.  This  is  con- 
firmed by  the  circumftance  that  in  every  one  of 
the  experiments  on  tinning  above  related,  the 
prefence  of  two  diffimilar  metals  in  the  reguline 
ftate  is  requiretl,  fj  that  the  moment  the  me- 
tallic tin  is  withdrawn  from  the  tartareous  I'olu- 
tion  the  precipitation  of  tin  upon  copper  ceafes,. 
though  we  can  hardly  fuppofe  drat  any  imme- 
diate change  in  the  ftate  of  oxygenation  of  the 
folution  takes  place. 

With  refpeeft  to  the  circumftance  of  no  cop- 
per being  found  in  the  folution  of  tartar  after 
common  tinning,  we  may  obferve  however  that 
the  failure  of  the  ufual  teft  of  the  volatile  alkali 
is  no  certain  proof  of  the  abfence  of  this  metal 
In  this  inltance,  as  the  later  difcoverles  of 
Prouft  on  this  fubjefl  (which  are  detailed  un- 
der the  article  Copper)  fhew  that  when  copper 
is  in  folution  with  tin  In  a low  ftate  of  oxyda- 
tion,  it  is  fo  far  deprived  of  oxygen  by  the  tin, 
as  not  to  turn  blue  with  ammonia. 

The  experiments  in  which  iron,  copper,  and 
tin  were  immerfed  into  a folution  of  tin,  are 
complicated,  and  the  exa£l:  operation  of  all  the 
affinities  between  the  refpefHve  ■ fubftances  is 
not  eafily  made  out.  The  order  of  precipi- 
tation with  a fingle  metal,  and  a fingle  me- 
tallic folution,  is  copper,  tin,  iron  j that  is  to 


fay,  Iron  immerfed  Into  a folution  of  tin  dif- 
places  die  tin,  and  precipitates  it  moftly  in  the 
metallic  form;  and  tin  immerfed  into  a lolution 
of  copper  precipitates  die  latter  metal.  But  In 
the  above  complicated  cafe  both  the  iron  and 
copper  b.eeome  tinned,  fo  that  the  tinning  of 
the"  non  may  be  effeffed  by  fimple  and  dire£t 
affinity,  but  that  of  the  copper  requires  a com- 
plicated a6lion,  to  which  probably  the  metallic 
tin  prefent  contributes. 

When  cream  of  tartar  has  been  long  boiled 
with  tin  till  it  can  diflblve  no  more,  the  folu- 
tion ftill  remains  acidulous,  and  when  evapor- 
ated and  cryftallized  a triple  fait  is  obtained,, 
compofed  of  tartareous  acid,  potalb,  and  oxyd 
of  tin,,  which  may  be  termed  a fuper-lartrite  of 
potafj  luith  tin. 

The  fixed  alkalies  fiave  fbme  afllon  upon 
metallic  tin,. tarniftiing  its  furface  and  difiblving^ 
a fmall  portion  though  with  difficulty.  But  on 
the  oxyds  of  this  metal  alkali  a£ts  with  great 
energy,  dilTolving  them  coploufly  and  with  cafe. 
The  circumflances.of  folution  and  precipitation, 
of  the  oxyd  from  the  acid  falls  by  potafti,  have- 
been  already  mentioned.  Potalh  appears  to- 
have  a ftronger  affinity  for  the  perfedf  oxyd. 
tjian  the  fub-oxyd,  fo  that  in  a mixture  of 
the  two  it  difTolves  the  former  in  prefer- 
ence. This  folut'ton  does,  not  readily  depofit 
its  oxyd  bv  keeping,  or  by  expofiire  to  air,  as 
the  folutlons  of  the  fame  oxyd  in  acids  do,  but 
may  be  cryftallized  by  gradual  evaporation. 

The  effefl:  of  alkalies  In  breaking  the  aggre- 
gation of  the  native  oxyd,  and  thus  rendering 
it  foluble  in  acids,  lias  been-  mentioned  in  the 
analyfis  of  the  ores. 

Muriat  of  ammonia  add's  upon  tin  by  the, 
affiftance  of  heat.  When  this  fait  and  tin  filings 
are.  heated  in  a retort,  a fmall  quantity  of  hy- 
drogen gas  is  firft  given  out,''  and  if  the  heal 
be  continued,  for  a time,  below  rednefs,  a faline 
mafs  is  formed,  compofed  of  murlatcd  ammo- 
nia, muriat  of  tin,  and  fome  tin  filings  un-- 
changed.  The  muriat  of  tin  contains  the  metal' 
it)  the  ftate  of  fub-oxyd,  -as  it  gives  a purple 
precipitate  with  folution- of  gold,  a«d  a black, 
one  with  hydro-fulphurettcd  water. 

Tin  unites  rea'di  y with  fulphur  by.,  funon 
For  this  purpofe  melt  feme  tin  in  a crucible, 
heat  it  Ihort  of  rednefs,  throw  upon  it  about  a 
third  or  a fourth  of  its  weight  of  fujpiiur,  and 
ftir  them  together  when  melted;  Tlie  mixture 
inflames  whe-n  heated  to  a certain-  degree,  and 
ft)ould  then  be  covered.  When  this  has  fub- 
fided  remove  the  crucible,  and  black  brittle,  fu-l.;,. 
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j»Tiuret  of  tin  Is  obtained.  To  faturate  the  tin 
■with  fulphur  the  heat  fhould  be  moderate,  and 
the  proje£Hon  of  fulphur  repeated  once  or  twice, 
till  the  tin  appears  to  be  faturatcd. 

The  quantity  of  fulphur  retained  by  the  tin 
in  this'  procefs  is  varioufly  given,  and  no  doubt 
aftually  varies.  Mr.  Woulfe  ® found  4 oz.  of 
tin  to  furnifli  5 oz.  of  the  fu’phuret,  and  even 
then  it  is  not  entirely  faturated,  for  on  rubbing 
it  in  a mortar  a portion  remains  which  extends 
under  the  peflle,  and  therefore  is  ftill  malleable 
and  unlaturated  with  fulphur. 

On  the  other  hand,  Bergman  finds  that  100 
parts  of  tin  will  take  up  in  this  way  no  more 
than  20  of  fulphur,  in  which  proportions  Prouft 
agrees.  But  Pelletier  ' found  the  increafe  on 
TOO  of  tin  to  be  no  more  than  16^  of  fulphur, 
fo  that  the  faturating  proportions  of  fulphur 
and  tin  are  ftill  unknown,  and  could  only  be 
determined  with  accuracy  by  adding  an  excefs 
of  fulphur  to  the  pulverized  fulphuret  made  in 
the  way  above  mentioned,  and  keeping  the  mafs 
juft  at  fufion  in  a clofe  retort  as  long  as  any 
fulphur  fubliracd  from  it. 

This  fulphuret  is  a bhack  brittle  fliining  fub- 
ftance,  of  a flaky  confiftencc,  and  clolely  re- 
ferobling  molybdena  in  appearance.  When 
melted  and  cooled  very  flowly  it  aflumes  a la- 
mellar texture,  in  the  hollo'vvs  of  which  are 
feen  diftimSt  needled  and  fometimes  cubic  cryf- 
tals. 

This  fulphuret  Is  not  afted  on  by  a folutlon 
of  cauftic  potafti.  “ When  digefted  with  nitric 
acid  a large  quantity  of  nitrous  gas  is  given  out, 
from  which,  and  from  the  analogy  with  the  other 
fulphurets  made  by  fufion,  we  may  conclude 
the  metal  to  be  in  the  reguline  ftate  in  this  com- 
pound. 

When  a current  of  fulplmretted  hydrogen-gas 
is  pafied  through  any  folution  of  fuper-oxydated 
tin,'’  a yellow  precipitate  of  hydro-fnlphurettcdfu- 
pc/-c.vvc/ gradually  collects, winch  takes  place  with 
more'  eal'e  If  a little  alkali  is  previoufly  added  to 
the  folution  till  the  moment  that  a precipitate 
begins  to  appear.  When  the  hydro-fulphuret 
is  heated  with  muriatic  acid  It  again  quits  the 
oxyd  of  tin  with  effervefcence,  and  refigns  it  to 
dlls  acid..  Hence  it  appears  that  the  affinity  of 
fulphuretted  hydrogen  for  this  oxyd  of  tin  is 
greater  than  that  of  muriatic  acid  in  a lovi^  tem- 
perature, but  lefs,  when  the  heat  Is  raifed. 
When  this  yellow  hydro-fulphuret  is  dried  it 
becomes  vitreous  In  its  fraddure,  it  Is  eafily  fo- 
luble  in  poiafli,  and  precipitated  thence  by  acids 
unaltered.  When  giadually  heated  wa- 
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ter,  fulphurcous  acid,  and  fome  fulphur  are 
given  out,  and  the  refidue,  if  not  overheated,  is 
the  golden  fulphuretted  oxyd  of  tin,  or  Aurum 
Mujivumt  which  will  be  prefently  deferibed  at 
large.  The  affinities  that  aft  in  this  procefs 
are  complicated.  They  are  ftated  by  Prouft  to 
be  the  following  : the  oxyd  of  tin  gives  out  part 
' of  its  oxygen,  of  which  one  portion  unites  to 
the  hydrogen  of  the  hydro-fulphuret,  and  forms 
water,  and  the  remainder  carries  oft'  with  it 
part  of  the  fulphur  as  fulphureous  acid  ; fome 
excefs  of  fulphur  beyond  the  requifite  propor- 
tions for  the  aurum  mufivum  is  alfo  volatized  j 
whilft  the  remainder  of  the  fulphur,  and  the  tin, 
now  in  low  oxydation,  unite  into  the  aurum 
mufivum  which  remains  behind. 

When  fulphuretted  hydrogen  gas  is  pafled 
through  a folution  of  fub-oxydated  tin,  fuch  as 
the  common  muriat  recently  made,  a dark  cof- 
fee-coloured precipitate  takes  place,  which  is 
the  hydro-fidphuretted  fub-oxyd,  and  when  waffied 
with  boiling  water  it  dries  of  the  fame  co- 
lour. 

This  hydro-fulphuret  Is  alfo  decompofed  by 
muriatic  acid  with  eft'ervefcence  in  a boiling 
heat,  but  it  gives  no  aurum  mufivum  when 
heated  per  fe.  When  heated  with  a folution  of 
cauftic  potafti,  both  a folution  and  precipitation 
take  place;  the  precipitate  is  the  Ample  ful- 
phuret with  the  tin  in  the  metallic  ftate ; the 
folution  on  the  other  hand,  is  a hydro-fulphuret 
of  potafti  holding  the  metal  in  the  higheft  ftate 
of  oxydation,  fince  acids  precipitate  the  hydro- 
fulphuret  yellow,  like  that  firft  deferibed.  The 
potafti  therefore  caufes  the  condenfation  of  all 
the  oxygen  into  a portion  of  the  fubftance,  to- 
gether with  all  the  hydrogen,  at  the  expence  of 
the  other  portion,  which  is  then  found  defti- 
tute  of  both.  This  eft'eft  of  potafti,  in  con- 
centrating all  the  oxygen  Into  that  portion 
which  it  difl'olves,  is  analogous  to  what  occurs 
in  other  cafes,  and  depends  on  the  much  greater 
affinity  of  the  fuper-oxyd  than  of  the  fub-oxyd 
for  this  .alkali.  A fimilar  aftion  takes  place 
when  the  fub-oxyd  of  tin,  fulphur  and  foluticn 
of  potafti  are  heated  together,  and  a hydro-ful- 
phuret of  fuper-oxydated  tin  is  produced.  In 
like  manner  if  liquid  muriated  fub-oxyd  of  tin 
is  poured  into  liquid  fulphuret  of  potafti,  a yel- 
loiv  precipitate  takes  place,  wdiich  is  the  fuper- 
oxydated  hydro-fulphuret. 

A beautiful  golden- coloured  fpecles  of  ful- 
phuret of  tin  has  long  been  known  in  the  art', 
under  the  name  of  Aurum  Mtiftvum^  or  Mejm- 
cum,  ( Mofaic  Gold).  It  is  in  the  form  of  a 
U ‘ i'roufl  I'liyt,  torn  61.  ' Ibid. 
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icaly  rnafs,  fometimes  cryftalllzed  in  fix-fided  odour  of  fulphuretted  hydrogen  is  given  ouf,- 
.plates,  very  foft  and  glofly  to  the  touch,  readily  which  increales  rapidly  as  heat  is  applied  5 and 
rubbed  down  between  the  fingers,  and  when  if  the  procefs  be  performed  in  a retort,  with  a 
the  colour  is  brought  out  by  a little  friftion,  receiver  attached  to  it,  a quantity  ofihydro-ful- 
having  a fine  golden  metallic  luftre.  It  is  ftill  phuret  of  ammonia  or  volatile  liver  of  fulphur, 
prepared  in  pretty  large  quantities  by  fome  comes  over,  which  condenfes  in  the  extremity 
artifts,  and  is  fuppofed  to  be  ufed  principally  of  the  receiver,  partly  as  a liquid  and  partly  in 
in  artificial  bronzing  and  other  ornamental  beautiful  cryftalline  needles.  The  fublimatc 
purpofes.  It  was  formerly  employed  in  medi-  which  is  formed  above  the  aurum  mufivum, 
cine.  A great  number  of  receipts  have  been  and  which  is  much  lefs  volatile  than  the  ammo- 
given  for  preparing  it,  moft  of  which  fucceed-  niacal  hydro-fulphuret,  is  an  extremely  com- 
nearly  equally  well,  provided  the  fame  attention  pound  fubftance,  (in  the  ufual  way  of  preparing 
to  management  of  the  heat,  &c.  be  obferved.  it;  confifting  chiefly  of  cinnabar,  of  muriated 
It  is  alfo  interefting  to  experimental  chemillry,  ammonia,  and  fome  muriat  of  tin,  from  which 
and  its  properties  have  been  examined  by  feveral  by  a frefh  fublimation  an  additional  quantity  of 
excellent  diemifts,  among  whom  may  be  enu-  the  aurum  mufivum  may  be  obtained.  This 
merated  Mr.Woulfe,’^  the  Marquis  de  Bullion, t latter  appears  to  be  contained  in  the  firfl:  fubli- 
and  M.  Pelletier.*  mate,  and  indeed  may  often  be  found  inter- 

The  old  procefs  for  aurum  mufivum,  and  fperfed  in  it  in  fliining  hexagonal  plates,  but  as 
which  is  one  of  the  bell,  is  the  following  j as  aurum  mufivum  alone  cannot  be  fublimed,  this 
contained  in  the  London  Difpenfatory.*  portion  is  fuppofed  to  be  formed  by  the  muriat 

Take  12  oz.  of  tin,  7 oz.  of  flowers  of  ful-  of  tin  and  fulphur  combining  in  the  a6l  of  vo- 
phur;  fal-ammoniac  and  quickfilver,  of  each  6 latilization. 

oz.  melt  the  tin  by  itfelf,  .add  to  it  the  quick-  The  decompofitions  and  changes  that  take 
filver,  and  when  the  amalgam  is  cold  reduce  place  in  the  preparation  of  aurum  mufivunt 
it  to  powder,  and  mix  it  wdth  the  fulphur  and  with  mercury,  tin,  muriat  of  ammonia,  and- 
fal-ammoniac,  and  fublime  the  whole  in  a glafs  fulphur,  are  numerous  and  fomewhat  complica- 
matrafs,  ftanding  in  a fand-bath.  Apply  a ted.  The  principal  ones  appear  to  be  the  fol- 
gentle  fire  for  fome  time,  till  the  white  fumes  lowing : the  mercury  at  firll  feems  nearly  paf- 
which  arife  copioully  at  firfl,  begin  to  abate,  five  in  the  operation,  and  ferves  merely  to  divide- 
then  raife  the  fire  till  thefand  becomes  red-hot,  the  tin,  and  render  it  eafily  reducible  topow-der, 
and  keep  it  at  this  point,  neither  increafing  nor  but  when  the  heat  is  increafed  the  mercury 
dimiinlhing  it,  fora  confiderable  time,  according  volatilizes  and  unites  -w-ith  the  fulphur  into 
to  the  quantity  of  the  materi-als,  till  you  judge  cinnabar.  The  tin  is  certainly  firll  afted  on  by 
the  operation  to  be  compleated.  The  matrafs  the  fal-ammoniac  decompofing  the  water  which 
being  broken  when  cold,  the  mofaic  gold  is  it  contains,  the  oxygen  of  which  it  abforbs,  and 
found  at  the  bottom,  and  above  it  a fublimed  the  oxyd  of  tin  thus  produced  is  immediately 
fubftance,  the  compofition  of  w'hich  will  be  diflblved  by  the  muriatic  acid  of  the  fal-ammo- 
prefently  mentioned.  niac  forming  a muriat  of  tin.  This  procefs 

The  mofaic  gold  therefore  is  not  a fuhlimaie,  fets  at  liberty  two  very  volatile  fubftanccs,  viz. 
but  is  a fixed  fubftance,  and  it  cannot  be  raifed  the  hydrogen  of  the  water  decompofed,  and  the 
by  heat  unchanged.  It  weighs  confiderably  more  ammonia  of  the  fait,  both  of  which,  involatili- 
than  the  tin  employed,  but  the  a£lual  produbl  zing  carry  up  a fulficient  quantity  of  the 
is  extremely  uncertain.  A good  deal  of  care  is  fulphur  prefent  to  conftitute  the  hydro-fulplmrct 
required  in  managing  the  fire,  for  if  too  flack  of  ammonia,  which  flies  off  in  white  fumes  in 
none  of  the  mofaic  gold  will  be  formed,  and  if  the  common  way  of  proceeding,  or,  as  already 
urged  beyond  a moderate  rednefs  it  is  again  mentioned,  may  be  collected  in  a receiver  joined 
decompofed  into  a dark  fulphuret  of  tin,  totally  to  the  apparatus. 

without  luftre.  The  proportions  of  the  ingre-  The  ingredients  in  the  matrafs  are  now 
dients  are  varioully  given.  Formerly  equal  changed,  more  or  lefs  compleatly,  to  muriat  of 
parts  of  all  the  fubftances  were  employed,  but  tin,  mercury,  and  fulphur ; and  as  the  heat  is 
they  ma.y  be  reduced  to  the  proportions  here  increafed  all  the  mercury  and  part  of  the  ful- 
given  without  diminiftiing  the  prodiuft.  phur  fublime,  and  unite  into  cinn-.'.bar  ; the 

As  foon  as  the  ingredients  are  mixed  an  muriat  of  tin  is  decompofed  by  another  part 
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^lie  fulpliur,  the  muriatic  acid  is  volatilized, 
taking  with  it  a portion  of  the  tin,  and  linally 
the  remaining  oxyd  of  tin  and  the  reft  of  the 
fulphur,  unite  to  form  the  aurum  mufivum 
that  remains  at  the  bottom  of  the  veflel. 

It  is  to  be  obferved  that  the  foie  life  of  the 
mercury  in  this  mixture  is  to  enable  the  tin  to 
be  reduced  to  powder,  fo  that  the  mixture 
may  be  limplilied  by  omitting  the  mercut)', 
provided  the  tin  is  reduced  to  powder,  or  other- 
M'ile  divided.  Tire  ammonia  of  the  fal-ammo- 
•niac  is  aifo ^entirely  fuperflucrus,  and  even  .the 
-foie  tile  of  the  muriatic  acul  is  to  enable  the  tin 
to  exydate  itfell  by  the  decompofition  of  water, 
which  it  effetls  by  the  refulting  afhnity  of  oxyd 
of  tin  for  muriatic  acid.  So  that  in  fadb  the 
only  necellary  ingredients  for  aurum  mufivum 
appear  to  be  oxyd  of  tin  and  fulphur,  the  latter 
in  confiderably  larger  proportion  than  it  exifts 
in  the  bla.ck  fulphuret. 

Thcfe  obfervatlons  will  be  explained  and  ;il- 
luftrated  by  a fliort  abftradl  of  a variety  of  other 
procefles  given  by  different  chemifts,  by  which 
aurum  mufivum  may  be  made. 

The  -three  following  are  given  by  Mr. 
Woulfe. 

1.  Take  lo  oz.  of  black  fulphuret  of  tin, 
(formed  by  faturating  melted  tin  with  fulphur) 
mix  it  with  4 oz.  of  fulphur  and  2 oz.  of  muriatic 
acid,  calcine  the  mixture,  and  heat  the  refidue 
in  a matrafs  in  the  ufual  way.  This  gives  a 
tolerably  good  aurum  mufivum. 

2.  Take  40Z.  of  tin,  ffiturate  it  with  fulphur, 
powder  it  weH,  and  mix  it  with  2 oz.  of  fulphur 
and  I oz.  of  cryftallizod  muriat  of  tin.  Cal- 
<-ine  and  heat  as  in  tire  laft  procefs.  This  gives 
•6j  oz.  of  a very  fine  aurum  mufivum. 

3.  Mix  10  oz.  of  black  fulphuret  of  tin 
with  160Z.  of  corrofive  mercurial  muriat,  put 
5t  into  a retort  with  a receiver  adapted  to  it, 
and  apply  a heat  for  fix  hours,  at  firft  with  a 
moderate  .fire,  and  for  the  laft  three  hours  the 
retort  mull  be  -.red-hot. 

In  this  procefs  the  mercuri-.rl  muriat  is  -decom- 
pofed,  a portion  of  the  tin  rlfes  highly  oxydated, 
and  united  to  the  muriatic  acid  in  the  form  of 
the  fmoking  muriat  ^ another  portion  remains 
behind,  united  with  part  of  the  lulphur  into 
very  beautiful  aurum  m-ufivum,  whilft  the  oxyd 
-of  mercury  unites  with  another  part  of  the 
fulphur  into  cinnabar. 

The  fa-me  experiment  repeated  by  Pelletier, 
■with  equal  parts  of  the  two  ingredients,  gave 
tlie  fuming  muriat  of  tin,  running  mercury, 
tand  aururn  ir.ufivuni. 
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Brugnatelli  gives  the  following  receipt ; 

4.  Precipitate  a folution  of  nltrat  of  tin  by 
liquid  fulphuret  of  potaffi;  dry  the  precipitate, 
mix  it  with  half  its  weight  of  fulphur,  and  a 
quarter  of  fal-ammoniac,  and  heat  as  ufual. 

The  following  are  fome  of  the  interefting 
experiments  of  Pelletier  on  this  fubjedf. 

5 . A folution  of  600  grs.  of  tin  was  made  in 
muriatic  acid  ; to  this  were  added  600  grs.  of 
falphur,  and  the  whole  was  evaporated  to  dry- 
nefs.  It  was  then  reduced  to  powder  and 
heated  in  .the  ufual  way,  and  gave  a fubliinate 
of  muriat  of  tin,  mixed  with  a little  fulphur, 
and  the  refidue  at  the  bottom  of  the  veflel  was 
very  good  aurum  mufivum. 

6.  Equal  parts  of  tin  filings,  fulphur,  and 
fai-ammoniac,  were  duly  heated  : the  volatile 
products  were  hydro-fulphuret  of  ammonia, 
fulphuretted  hydrogen  gas,  fulphur,  and  fomc 
fal-ammoniac,  aixl  very  fine  aurum  mufu-tim 
remained. 

y.  Equal  parts  of  black  fulphuret  of  tin  and 
muriat  of  ammonia  were  mixed  and  heated. 
The  refidue  was  a black,  iridefeeut,  friable, 
puffy  mafs,  very  different  from  the  fimple  ful- 
phuret, and  appeanred  to  be  oxyd  of  tin,  not 
faturated  with  fulphur  *,  and  in  this  latter  cir- 
cumftance  therefore  differing  from  aurum  mu- 
fivum. This  was  confirmed  by  the  following. 

■8.  Equal  parts  of  the  black  fulphuret  of  tin, 
of  fal-ammoniac,  and  of  fulphur,  were  heated 
as  above,  and  a good  quantity  of  fine  aurum 
mufivum  was  obtained.  As  there  was  more 
fulphur  than  neceflary,  fome  fulphuret  of  am- 
monia was  fublimed. 

9.  Equal  parts  of  cinnabar  and  black  ful- 
phuret of  tin  heated  together,  gave  running 
mercury  and  aurum  mufivum.  Cinnabar  coii- 
fifts  of  fulphur  and  oxyd  of  mercury,  fo  that  the 
fulphuret  of  tin  in  this  experiment  deprived  the 
cinnabar  both  of  its  oxygen  and  its  fulphur. 

10.  Equal  parts  of  tin  putty  (fub-oxyd  of  tin 
and  fulphur  gave,  after  much  of  the  excels  of 
fulphur  had  fublimed  off,  a black  brittle  mafs, 
vifibly  penetrated  with  fulphur,  but  no  aurum 
mufivum. 

■I  I,  Some  tin  putty  was  calcined  with  nitre, 
and  thus  converted  into  a white  oxyd.  Of  this, 
600  grs.  were  heated  with  400  of  fulphur,  and 
the  produfts  were,  fulphur  and  fulphureous 
gas,  and  aurum  nnifivaim. 

12.  The  oxyd  of  tin,  precipitated  from  the 
muriat  by  loua,  and  mixed  with  iulphur,  gave 
the  fame  produdls  as  the  laft. 

13.  The  oxyd  of  tin  by  nitric  acid,  mixed 
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with  two-thirds  of  its  weight  of  fulphur,  gave 
tiie  fame  produ£ls  as  the  lait. 

In  examining  thefe  experiments  it  appears 
that  aurum  mufivum  may  be  made  fimply  by 
heating  fulphur  and  oxyd  of  tin,  but  the  three 
lad  experiments  fliew  that  it  is  neceflary  for  the 
tin  to  be  in  a date  of  high  oxygenation. 

Neverthelefs,  as  in  thefe  Ample  procefles 
fome  of  the  fulphur  is  converted  into  fulphure- 
ous  acid,  for  the  oxygen  of  which  no  other 
fource  but  the  oxyd  of  tin  appears,  it  may  be 
doubted  whether  the  tin  remains  in  the  highed 
date  of  oxygenation  in  the  aurum  mufivum, 
though  there  can  be  no  doubt  that  it  is  oxy- 
dated  to  a certain  degree. 

We  may  therefore  confider  this  fubdance  as 
a fulphuretted  oxyd  of  tin,  in  which  the  oxyd  is 
faturated  witli  as  much  fulphur  as  it  can  retain 
at  a low  red  heat. 

Aurum  mufivum  may  be  made  as  well,  and 
much  more  economically,  in  a crucible  as  in 
glafs  velTels.  To  make  loor  I2lb.  of  it  requires 
about  eight  hours ; but  for  an  ounce  or  two  in 
fmall  experiments  about  an  hour  wull  fufficq. 

Aurqm  mufivum,  when  well  prepared,  is 
without  tade,  and  entirely  infolubie  in  water. 
The  acids  have  no  effedl  on  it.  When  muri- 
atic acid  is  boiled  with  it,  fome  fulphuretted 
hydrogen  is  generally  given  out  and  a little  tin 
diflblved,  but  this  is  owing  to  ihe  admixture  of 
a portion  of  fulphuret  of  tin,  for  if  the  refidue 
is  walhed,  no  fubfequent  treatment  with  this 
acid  produces  any  effe£l:.  It  is  in  this  refidance 
to  the  aftion  of  muriatic  acid,  that  aurum  mu- 
fivum is  particularly  didinguiflied  from  the 
fimple  fulphuret  and"  the  more  and  lefs  oxyda- 
ted  hydro-fulphurets  of  tin. 

When  aurum  mufivum  is  digeded  with  a fo- 
lution  of  pqtafli  and  heated,  it  quietly  difiblves 
and  forms  a green  liquid,  from  which  acids 
feparate  a yellow  powder,  which  is  the  fuper- 
oxydated  hydro-fulphurct,  and  not  regenerated 
aurum  mufivum. 

If  inof.xic  gold  is  heated  drongly  in  a clofe 
vcffel,  (that  is,  to  as  full  a red  heat  as  a glafs 
retort  will  bear)  it  is  entirely  altered  in  its 
nature,  a large  quantity  of  fulphurecus  acid  gas 
is  given  out,  fome  fuiphur  fublimes,  and  the 
.refidue,  which  is  nearly  five-fixths  of  the  whole, 
is  a black  bri  liant  metallic-looking  mafs,  xvhich 
appears  to  be  chiefly  fulphuret  of  tin.  A drong 
heat  therefore  cattles  tlie  union  of  part,  it  lu.t 
all,  of  the  oxygen  of  the  aurum  mufivum,  wnth 
that  portion  of  the  fulphur  which  flies  olT  as 
fulpliurous  acid. 


Phofphorus  unites  with  tin  with  great  eafe, 
either  Uireclly  by  projecting  phofphorus  on 
melted  tin,  or  by  heating  vitreous  phofphoric 
acid  or  phofphat  of  ammonia  with  tin,  with  or 
without  the  addition  of  charcoal.®  In  the  for- 
mer method  a white  regulus  is  obtained,  cryftal- 
lized  externally,  weighing  from  I2  to  15  per 
cent,  more  than  the  tin.  When  this  phofphuret 
is  difdlled  with  corrofive  mercurial  muriat,  the 
produbts  are  fmoking  muriat  of  tin,  running 
mercury,  and  phofphuretted  hydrogen  gas,  and 
in  the  retort  there  remains  a tumid  mat's,  com- 
pofed  of  phofphorus  and  oxyd  of  tin.  When 
equal  parts  of  vitreous  phofphoric  acid  and  tin 
filings  are  heated  together,  after  the  mixture 
has  been  a little  time  in  fufion,  flaflies  of  in- 
flamed phofphorus  break  up  from  the  furface, 
and  if  it  is  immediately  afterwards  removed,  two 
diftlnft  fubftances  are  found  in  the  crucible, 
the  loweft  of  which  is  phofphuret  of  tin,  which 
is  loft  enough  to  be  cut  by  the  knife  ; when 
hammered  it  extends,  but  fplits  into  laminae; 
has  a filveiy  luftre  in  the  recently  divided  furface, 
and  burns  before  the  blowpipe  with  a phofphoric 
flame,  and  a globule  of  pure  tin  is  left,  covered 
by  a tranfparent  glafs.  Above  the  phofphuret 
of  tin  is  a black  glafs,  confifting  of  oxyd  of  tin 
and  phofphoric  acid.  In  this  procefs  both  the 
tin  and  the  phofphoric  acid  are  divided  into 
two  portions,  part  of  the  tin  is  converted  into 
oxyd  of  tin  by  deoxygenating  a part  of  the 
phofphoric  acid,  and  fufes  with  the  remainder 
of  the  acid  into  a black  glafs  ; whilft  the  reft  of 
the  tin  unites  with  the  deoxygenated  phofphoric 
acid  (that  is  to  fay,  the  phofphorus)  into  the 
metallic  phofphuret.  This  decompofition  take* 
place  at  a very  moderate  heat,  fcarcely  more 
than  what  is  required  for  the  fufion  of  tin. 

Tin  unites  with  moft  of  the  metals,  and  fome 
of  thefe  alloys  are  much  ufed  in  the  arts.  Of 
thefe  the  moft  important  are  ; the  alloy  of  tin 
and  copper,  with  other  additions,  which  forms 
bronze,  bell-metal,  fpeculum-metal,  &c.  and 
which  has  been  deferibed  under  the  article 
Copper  (Alhysof)-.  the  alloy  of  tin  and  lead 
in  equal  parts,  which  forms  the  common  plum- 
ber’s fo.der  : the  allov  of  tin,  lead,  and  bl'inuth, 
which  forms  the  very  fufible  compounds  de- 
feribed under  Bismuth  : the  amalgam  of  tin 
and  mercury  ufed  in  filvering  miirors.  the  prn- 
cefs  of  which  is  mentioned  under  the  article 
Glass,  and  the  alloy  commonly  called  Pewter. 

Pewter  was  formerly  more  extenfively  ufed 
th.ui,  perh.ips,  aiiy  uu.ei  niwt.dito  auC', , being 
the  common  material  for  plates,  diihes,  ami 
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other  domeftic  utenfils,  but  its  ufe  is  now  al- 
moft  univerfally  fuperfeded  by  pottery,  which 
is  lighter,  more  eafily  kept  clean,  and  cheaper, 
though  lefs  durable.  The  name  of  pewter 
has  been  given  to  any  malleable  white  alloy 
into  which  tin  largely  enters,  and  its  compo- 
tion  is  fo  various  that  hardly  any  two  manufac- 
turers employ  precifely  the  fame  ingredients  and 
in  the  fame  proportion.  The  finell  kind  of 
pewter  contains  no  lead  v/hatever,  but  confifts 
of  tin  with  a fmall  alloy  of  antimony,  and 
fornetimes  a little  copper.  Wallerius  gives  the 
proportions  of  1 2 parts  of  tin,  I of  antimony, 
and  about  4V  of  copper.  A very  fine  metal  is 
made  of  100  parts  of  tin,  8 of  antimony,  i of 
bifmuth,  and  4 of  copper.  The  ufe  of  thefe 
additions  to  the  tin  is  to  harden  it,  and  pre- 
ferve  its  whitenefs,  and  this  fine  kind  of  pewter 
takes  a very  high  polifli,  has  a beautiful  filvery 
luftre,  and  is  not  readily  tarniftied.  Tin,  with 
a little  zinc  or  brafs,  makes  a very  fine  hard 
alloy.  In  all  thefe  fuperior  kinds  of  pev/ter, 
the  tin  forms  by  far  the  greater  part  of  the 
mixture. 

It  is  to  be  obferved  that  the  antimony  is  fo 
intimately  united  to  the  tin,  that  it  is  not  vola- 
tilized when  ftrongly  heated,  or  only  in  a very 
fmall  degree,  and  it  is  not  eaCIy  difiblved  by  any 
weak  acid,  fo  that  there  is  no  danger  of  pro- 
ducing the  common  effe£i:s  of  this  metal  in  em- 
ploying this  kind  of  pewter.  There  is  a na- 
tural limit  to  the  ufe  both  of  all  the  brittle 
metals,  and  of  copper  in  alloying  tin,  which 
is  the  brittlenefs  which  they  impart  to  the 
alloy  when  they  exceed  certain  proportions. 
But  it  is  not  fo  with  lead,  which  may  be 
mixed  with  tin  in  any  proportion,  and  the  alloy 
will  remain  perfecSfly  malleable  ; and  this,  with 
or  without  other  fmaller  additions,  forms  the 
ordinary  pewter,  fuch  as  is  ufed  for  meafures 
for  liquor,  and  many  fmaller  purpofes,  and  In 
other  countries  of  Europe,  for  many  other  do- 
meftic  ufes.  As  lead  is  by  much  the  cheapeft 
of  the  two  metals,  it  is  the  intereft  of  the  ma- 
nufadlurer  to  employ  it  in  as  large  a proportion 
as  poffible,  but  as  much  danger  to  health  may 
be  apprehended  from  this  noxious  metal,  this 
fubjeft  was  examined  particularly  by  a commif- 
fion  from  the  French  government  of  fome  very 
able  chemills.  Thefe  gentlemen  found,  that 
when  wine  or  vinegar  is  allowed  to  ftand  in 
veflels  compofed  of  an  alloy  of  lead  and  tin  in 
different  proportions,  the  tin  is  firft  difiblved, 
that  the  lead  is  not  fenfibly  oxydated  by  thefe 
liquors,  except  at  the  line  of  contadl  of  the  air 
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and  the  liquor,  and  that  no  fenfible  quantity 
of  lead  is  difiblved  even  by  vinegar  after  {land- 
ing for  fome  days  in  veflels  that  contained  no 
more  than  about  18  per  cent,  of  lead.  There- 
fore as  no  noxious  effodl  is  produced  by  the 
very  minute  quantity  of  tin  wliich  is  difiblved, 
a pewter  may  be  conlidercd  as  perfedlly  fafe 
which  contains  about  80  or  82  per  cent,  of  tin; 
and  where  the  velfels  are  employed  merely  for 
meafures,  a much  lefs  proportion  of  tin  may  be 
allowed.  But  the  common  pewter  of  Paris  was 
found  to  contain  no  more  than  about  25  or  30 
per  cent,  of  tin,  and  the  remainder  was  lead. 
The  fpecific  gravity  of  a mixture  of  tin  and  lead 
is  Iffs  than  the  mean  fpecific  gravity  of  the 
fame  proportion  of  the  two  metals  feparately, 
confequently  the  bulk  of  the  alloy  is  greater 
than  the  bulks  of  the  metals  before  union,  which 
is  the  contrary  to  what  happens  in  moll  other 
alloys.  This  alloy  when  in  equal  parts  forms 
alfo  the  common  plumbers’  folder.  When 
melted  it  oxydates  at  its  furface  with  great  ra- 
pidity, much  more  than  even  either  of  the 
metals  feparately,  and  this  oxyd  is  the  balls  of 
the  fineft  Enamel  White. 

The  ufes  of  tin  are  confiderable.  It  is  em- 
ployed for  many  purpofes  in  fine  leaf  about  the 
thicknefs  of  writing  paper,  when  it  is  called 
Tin-foil.  This  is  made  from  the  very  fineft  tin 
which  is  firft  call  into  an  ingot,  then  laminated 
to  a moderate  extent,  and  afterwards  beat  out 
with  a hammer,  with  very  great  manual  labour 
and  {kill  till  it  is  brought  to  the  requlfite  thick- 
nefs, and  extended  perfe«£lly  uniformly  without 
any  flaw  or  break.  The  other  ufes  of  tin  are, 
very  largely,  for  tinning  iron  and  copper,  in 
pewter,  folder,  and  other  alloys;  and  the  l^lts 
of  this  metal  are  employed  in  dyeing. 

TINNING  of  Iron  and  Copper.  See  Iron 
and  Tin. 

TINCAL.  See  Borax. 

TINGLASS.  See  Bismuth. 

T INCTURE.  A timflure  is  commonly  un- 
derftood  to  be  a coloured  infufion  of  any  fub- 
ftance  m alcohol.  It  is  a preparation  much  em- 
ployed in  pharmacy  with  many  of  the  articles 
of  the  materia  medica,  particularly  vegetable 
barks,  aromatics  of  all  kind,  and  many  of  the 
refins  and  gum-refins,  which  yield  to  alcohol  by 
infufion  that  part  of  their  fubftance  in  which 
moft  of  the  medicinal  virtue  refides. 

TITANIUM, 

This  is  a metal  of  a copper  red  colour, 
very  difficult  of  fufion,  foluble  in  muriatic  acid. 
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and  precipitable  from  this  menftruum  of  a blood 
red  colour  by  tindlure  of  galls. 

I.  Ores. 

Sp.  I.  Titanite.  Ruthil,  Wern.  RuihUe, 
Broch.  Titane  oxyde,  Hauy.  Red  Schorly  of  the 
older  mineralogifts. 

Its  colour  is  dark  blood  red,  pafhng  into  red- 
difli  brown  and  copper  red.  It  occurs  only 
cryftallized.  Its  primitive  form  is  a ftrait  prifm 
with  a fquare  bafe.  The  other  forms  that  it 
prefents  are  moft  commonly  geniculated,  that 
is,  united  by  one  of  its  extremities  with  a 
fimilar  cryftal,  fo  that  the  two  together  form  a 
very  obtufe  angle.  Sometimes  it  happens  that 
a cryftal  is  terminated  only  by  a fmall  fragment 
of  another,  giving  to  it  the  appearance  of  an 
imperfe£l:  pyramidal  termination,  Befides  the 
above  afcertainable  forms,  capillary  cryftals  are 
not  unfrequently  met  with  ; they  are  either 
finglc,  or  bundled  or  grouped  together  like  net 
work,  the  interftices  being  in  the  form  of  equi- 
lateral triangles.  The  larger  cryftals  are  longi- 
tudinally ftriated.  The  principal  frafture  of  this 
mineral  is  foliated  in  two  direflions,  with  a 
luftre  brightly  fhining,  between  femi-metallic 
and  adamantine ; its  crofs  fra£lure  is  imper- 
fe<£lly  conchoidal,  pafling  into  uneven,  with  a 
gliftering  luftre.  The  thin  cryftals  are  llightly 
tranflucent,  the  others  are  moftly  opake.  Its 
hardnefs  is  nearly  equal  to  that  of  quartz,  but 
it  is  brittle  and  eafily  frangible.  Sp.  gr.  4.1 — 

4.24. 

It  is  infufible  without  addition  before  the 
blowpipe,  but  with  borax  it  forms  a glafs  of  a 
hyacinthine  red  colour,  which  by  expofure  to 
the  external  blue  flame,  becomes  fuccefhvely 
blue,  green,  and  white.  When  expofed  to  a 
high  heat  in  a charcoal  crucible  it  breaks  to 
pieces,  and  becomes  of  a pale  brown  colour. 

The  titanite  of  Hungary  has  been  analyfed 
by  Klaproth,  and  ^appears  to  be  pure  oxyd  of 
titanium  mixed  with  a little  fllex  •,  that  from 
Spain  appears  from  the  fame  authority  to  be  at 
leaft  equally  pure.  The  titanite  of  AfchafFen- 
burg  according  to  Klaproth,  and  that  of  Friuli 
according  to  Vauquelin,  contain  a minute  por- 
tion of  manganefe  and  iron. 

It  occurs  near  Rofenau  in  Flungary,  and  at 
Cajuelo  nearBuitrago  in  New  Caftille  in  Spain, 
implanted  in  rock  cryftal,  in  a mountain  of 
gneifs;  at  St.  Gothard,  in  the  cavities  of  gra- 
nite mixed  with  rock-cryftal,  adularia,  and 
chlorite  : in  the  Saltzburg  mountains  imbedded 
in  tremolite;  near  St.  Yrieix  in  la  Haute 
Vienne  in  France,  in  rounded  cryftals  difperfed 


in  an  alluvial  bed.  It  has  alfo  been  found  at 
Sarapulka  in  Siberia,  and  in  New  Granada  in 
S.  America. 

Sp.  2.  Oclohedrite.  Anatafe,  Hauy. 

This  mineral  has  already  been  defcribed  un- 
der the  name  Anatase,  which  fee. 

Sp.  3.  Calcareo-filiceous  titanite.  Titatiity 
Klapr.  Nigri/ie,  Broch.  Titane  filiceo-calcairey 
Hauy. 

Its  colour  is  browaifli-red,  blackifli-brown, 
yellowifh-brown,  and  yellowifti-white.  It  oc- 
curs malTive,  difleminated,  and  cryftallized. 

Its  primitive  form  is  a ftrait  rhomboidal  prifm, 
the  alternate  angles  of  which  meafure  137°  and 
43°- 

The  other  forms  that  it  prefents  are, 

1.  A rhomboidal  prifm  with  dihedral  fum- 
mits,  in  which  the  lateral  faces  are  trapeziums, 
and  the  terminal  ones  triangles. 

2.  The  fame  with  each  of  the  terminal  folid 
angles  replaced  by  two  triangular  facets,  thus 
making  the  planes  of  the  prifm  lengthened 
hexagons,  while  thofe  of  the  fummit  confift  of 
four  triangular  and  two  pentagonal  facets. 

The  cryftals  are  fmall  and  commonly  imbed- 
ded fingly.  Its  longitudinal  fradture  is  foliated, 
pafling  into  radiated  with  a gliftening  luftre; 
the  crofs  fradlure  is  flat-conchoidal  pafling  into 
even,  and  has  little  or  no  luftre.  It  is  opake, 
but  fometimes  tranflucent  on  the  edges.  It  is 
Gonfiderably  hard,  but  brittle  and  eafily  fran- 
gible. Sp.  gr.  3.48—3.51. 

When  expofed  without  addition  to  the  blow- 
pipe it  only  fliews  a commencement  of  fufion ; 
in  a clay  crucible  it  undergoes  no  change  at  an 
intenfe  heat;  but  in  a charcoal  crucible  it  melts 
at  a high  temperature  into  a black  opake  fcoria. 

Specimens  of  this  mineral  from  Faflaw  have 
been  analyfed  by  Klaproth,  others  from  Aren- 
dahl  by  Abildgaard,  and  others  from  St.  Go- 
thard by  Cordier,  with  the  following  refults, 

Klapr.  — Abild-  — Cord. 

33  — 58-74  — 33-31  Oxyd  of  Titanium 

35  — 22.08  — 28.  Silex 

33  — 20.18  — 32.  Lime 


lot  101.00  93-3 


The  dark  coloured  cryftals  alfo  contain  oxyd 
of  iron,  according  to  Vauquelin. 

It  occurs  in  the  neighbourhood  of  Paflaw  in 
Bavaria,  at  Buoen  in  Norway,  and  at  St.  Go- 
thard in  Switzerland. 

Sp.  4.  Menachanite.  Menachan  Nigriny 
Wern.  Titane  oxyde  ferrifere.  Hauy. 
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Its  colour  is  iron-black  paffipg  to  greyifh  and 
brownifii -black.  It  occurs  in  llattiih  aiiguLtr 
grains  and  fmall  lumps.  Its  Internal  luitre  is 
moderately  gliilenir.g,  be;.’vvcen  femi-metallic 
and  adanianrine.  Its  frafture  is  imperfebliy 
foliated,  paGi'jg  into  fine-grained  uneven.  It 
is  opake  •,  is  brittle  but  hard,  fo  as  not  to  be 
' eanly  pulverizable.  Its  fp.  gr.  when  in  fmall 
grains  is  not  readily  determined,  when  in  larger 
pieces  ii  amounts  according  to  Klaproth  as  high 
as  4.74. 


Some  varieties  are  nearly  as  magnetic  as  Iron 
fand  others  though  not  attradible  by  the 
magnet  are  yet  capable  ot'  afFefting  the  polarity 
ot'  a liifpended  magnetic  needle;  while  other 
varieties  have  no  action  whatever  on  the  mag- 
net. 

This  mineral  confifts  of  oxyd  of  titanium 
combined  with  cxyd  of  iron  and  a little  man- 
ganefe,  but  the  proportions  are  liable  to  much 
variation.  I'he  following  are  the  refults  of 
fome  of  the  principal  analyfes. 


From 

Cornwall 

Aschaffenburg' 

OMapIin 

Bivaria 

By 

Klapr. 

Klapr. 

Klapr. 

Vauq. 

^5-25 

22. 

84. 

49. 

51- 

7S. 

14. 

49. 

0.25 

0, 

2. 

2. 

3-5 

0. 

0. 

0. 

ICO. 

ICO 

100 

ICO 

Botany  Bay  Uralian  Mountains 


Chenevix 

40. 

Lowitz 

53- 

Oxyd  of  Titanium 

49. 

4/- 

Oxyd  of  ron 

0. 

0. 

Oxyd  of  Manganefe 

II. 

0. 

Silex 

100 

100 

It  was  firft  clifeovered  by  Mr.  Gregor  mixed 
with  quartz  fand,  in  the  bed  of  a rivulet  In  the 
valley  of  Menachan  in  Cornwall.  It  has  fince 
been  found  imbedded  in  quartz  near  Afchaffen- 
berg  in  the  SpefTart  foreft;  alfo  at  Bodenmais 
in  Bavaria,  at  Olilapian  in  Hungary  in  aurifer- 
ous fand  ; in  the  Uralian  mountains  in  Siberia, 
and  at  Botany  Bay  in  New  Holland,  &c. 

Sp.  5.  Iferin. 

Its  colour  is  iron-black  Inclining  tobrownlfli. 
It  occurs  in  fmall  angular  grains  and  in  rolled 
pieces,  with  a rough  ftrongly  glimmering  fur- 
face.  Internally  it  is  gUftenIng  with  a femi- 
metallic  luftre.  Its  frafture  is  more  or  lefs 
perfedtly.  concholdal.  It  is  opake,  hard,  and 
brittle.  Sp.  gr.  4.5. 

Before  the  blowpipe  It  melts  into  a blacklfh 
brown  glafs,  which  Is  llightly  attrafded  by  the 
magnet.  It  Is  faid  to  be  compofed  of, 

59.1  Oxyd  of  Titanium 

30.1  Oxyd  of  Iron 

10.2  Oxyd  of  Uranium 


9^.4 

It  has  hitherto  been  found  only  in  the  Rie- 
fengebirge,  near  the  fource  of  the  river  Ifer, 
in  granite  fand. 

§.  2.  Annhjis  of  Ores. 

The  analyfis  of  the  ores  of  titanium,  though 
■very  fimple,  is  however  very  imperfedd,  as  we 
are  hitherto  almofl  entirely  unacquainted  with 


the  compofitlon  either  of  the  fglts  or  oxyds  of 
this  metal. 

The  only  menftruum  of  fufficient  adlivlty 
to  be  employed  in  the  analyfis  of  thefe  ores  is 
fixed  alkali,  and  this  is  more  efficacious  when 
carbonated  than  when  cauftic.  The  method 
followed  both  by  Klaproth  and  Vauquelin,  in 
the  analyfis  of  titanite,  is  the  following. 

a.  Having  ground  the  ore  to  a very  minute 
powder,  let  it  be  mixed  with  five  or  fix  times 
its  weight  of  carbonated  potafh,  and  brought  to 
a ftate  of  fufion  in  a crucible.  The  melted 
mafs  when  poured  out  will  be  of  a green  colour 
if  any  iron  and  manganefe  are  prefent,  but 
otherwife  of  a pearl-grey  colour.  The  fufed 
mafs  after  being  pulverized,  is  to  be  digefted 
in  repeated  portions  of  hot  water,  till  every 
thing  foluble  is  extradled,  after  which  there 
will  remain  a reddifh  white  powder,  which  is 
nearly  pure  carbonat  of  titanium. 

h.  The  alkaline  folution  contains  only  a little 
filex  and  alumine,  with  the  oxyds  of  manganefe 
and  iron,  which  are  to  be  feparated  in  the  ufual 
way. 

The  calcareo-fillceous  titanite  vi'as  thus  ana- 
lyfed  by  Klaproth.^ 

a.  too  grs.  finely  pulverized  were  ignited 
for  an  hour  with  four  times  their  weight  of 
cauftic  potafh,  the  refulting  mafs  was  fofiened 
with  water,  and  digefted  with  an  excefs  of 
muriatic  acid ; the  whole  was  thus  diflblved 
except  12  grs.  of  filex. 

b.  The  muriatic  folution  was  decompofed  by 

‘ Analyt.  EIT.  Vol.  1 p.  214. 
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carbonated  potani,  and  the  precipitate  thus  ob- 
tained, after  being  waflied  and  dried,  was  again 
digeihtd  with  muriatic  acid,  which  left  behind 
23  grs.  of  filex. 

c.  The  preceding  folutlon  was  now  com- 
bined with  cauflic  ammonia,  which  threw 
down  62  grs.  of  a yehowifh  white  precipitate, 
that  was  fnbfequcntly  reduced  by  ignition  to 
33  grs.  and  was  pure  oxyd  of  titanium. 

({.  The  refidual  fluid  when  faturated  at  a 
boiling  heat  by  mild  potaili,  afforded  33  grs.  of 
carbonated  lime. 

'J'he  menachanlte  of  Bavaria  was  thus  ana- 
lyfed  by  Vauquelin.*^ 

a.  100  grs.  finely  pulverized  were  melted  in 
a fdver  crucible  with  ;oo  grs.  of  cauftic  potafh, 
during  an  hour  and  a half.  The  fufed  mafs 
was  of  a green  colour,  and  afforded  with  water 
a green  folution,  a brick  red  powder  weighing 
12-1-  grs.  remaining  behind. 

b.  The  above  izi  grs.  were  boiled  for  an 
hour  with  cauflic  potafh,  and  the  folution  after 
faturatiou  with  muriatic  acid  was  treated  with 
carbonat  of  potafla,  which  threw  down  3 grs. 
of  oxyd  of  titanium. 

c.  The  refidue  of  the  124  grs.  was  digefted 
with  dilute  muriatic  acid,  which  foon  acquired 
a yellow  colour,  and  left  behind  46  grs.  of  a 
reddifh  white  powder,  which  was  oxyd  of  tita- 
nium. 

d.  The  yellow  muriatic  liquor  was  faturated 
by  ammonia,  and  afforded  50  grs.  of  brown 
oxyd  of  iron. 

e.  The  green  alkaline  folution  faj  was  fu- 
perfaturated  with  muriatic  acid,  and  acquired  a 
bright  red  colour,  which  during  evaporation  en- 
tirely dil'appeared.  The  faline  refidue  was 
again  perfeclly  foluble  in  water,  thus  fhewing 
the  total  abfence  of  filex  ; on  the  addition  of 
carbonated  potafh,  it  yielded  a precipitate 
weighing  2 grs.  which  was  carbonated  man- 
ganefe. 

§.  3.  Chemical  Properties. 

Several  attempts,  though  with  but  imperfe£l 
fuccefs,  have  been  made  to  reduce  titanium  to 
the  metallic  (late.  The  fait  fele£led  for  thel'e 
experiments  by  Vauquelin,'*  was  the  carbonat, 
which  after  being  formed  into  a pafle  with  fifli 
oil,  was  placed  in  a crucible  lined  with  a mix- 
ture of  clay  and  charcoal,  and  expofed  for  three 
quarters  of  an  hour  to  an  intenfe  heat.  A 
blackifh  fpungy  mafs  was  thus  obtained,  which 
in  fome  parts  prefented  a reddifh  metallic  ap- 
pearance. 

In  another  experiment  ico  parts  of  native 
' Journ.  des  Mines,  No.  19.  p.  j8.  * Ditto, 


titanite  were  mixed  with  50  parts  of  calcined 
borax,  and  an  equal  quantity  of  charcoal;  the 
mafs  thus  produced  was  placed  in  a lined  cru- 
cible, and  heated  for  an  hour  and  a half  in  a 
forge  furnace.  An  agglutinated  brittle  mafs 
was  thus  obtained,  the  external  colour  and 
luflre  of  which  greatly  refemblcd  that  of  cop- 
per. Being  broken  and  expofed  to  the  air 
while  it  was  yet  hot,  its  red  colour  palled  in 
fome  places  to  purple  and  then  to  blue.  Lam- 
padius'  is  faid  to  have  fucceeded  ftill  more 
compleatly,  by  decompofing  the  gallat  of  tita- 
nium by  means  of  fixed  alkali,  and  flrongly 
heating  the  oxyd  thus  obtained  in  a charcoal 
crucible.  The  refult  of  this  procefs  is  a me- 
tallic mafs  of  a dark  copper  colour  with  confi- 
derable  brilliancy;  it  is  very  infufible,  is  com- 
pofed  of  flightly  cohering  fcales  which  indivi- 
dually are  moderately  eladic.  It  tarnifhes  by 
expofure  to  the  air,  is  converted  by  heat  to  a 
blue  oxyd,  detonates  with  nitre,  and  is  readily 
a£led  on  by  all  the  llrong  acids.  The  metallic 
mafs  obtained  by  Vauquelin,  exhibited  the  fol- 
lowing properties  with  acids.  The  nitro-muri- 
atic  acid  converted  it  fuperficially  into  a white 
pulverulent  oxyd.  The  muriatic  acid  difen- 
gaged  a large  quantity  of  hydrogen  gas,  and  a 
confiderable  quantity  of  white  flocculent  oxyd 
was  obfovved  floating  In  the  liquor.  Concen- 
trated fulphuric  acid  at  a boiling  temperature, 
dilTolved  a portion  and  converted  the  remainder 
to  a white  oxyd,  fulphureous  acid  gas  being 
difengaged;  and  the  lulphat  of  titanium  thus 
produced  exadlly  refembied  that  obtained  by  the 
oxyd  of  this  metal. 

l itanium  appears  capable  of  three  flates  of 
oxydatlon,  diftinguillied  by  the  colours  blue, 
red,  and  yellowifli  white,  the  latter  being  the 
faturated  or  per-oxyd.  With  regard  to  tlie 
proportion  of  thefe  two  ingredients  in  the  dif- 
ferent oxyds,  fcarcely  any  thing  certain  is 
known,  only  it  may  be  concluded  with  fome 
probability  from  the  refult  of  an  analyfis  by 
Vauquelin,  that  the  red  oxyd  in  paffing  to  the 
Bate  of  white  oxyd  acquires  about  18  percent. 
From  the  fame  experiment  by  Klaproth  indeed, 
it  would  be  concluded  that  the  augmentation 
was  about  24  per  cent. ; the  difference  is  not 
very  great,  and  the  truth  may  perhaps  lie 
betw'een. 

The  white  oxyd  when  heated  acquires  a 
lemon  yellow  colour,  which  however  difappears 
again  in  proportion  as  it  cools.  lii  this  Hate  it 
yields  a little  to  concentrated  fulphuric  acid, 
but  is  not  dillulved  by  any  other  liquid  men. 

Ne.  Ij.  p.  21.  * i’hii.  Mag,  Vol.  »vii.  p.  95. 
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Uruum  either  acid  or  alkaline.'  By  fufion  with 
a cai'bonated  alkali  it  is  converted  to  a carbonat 
infoluble  in  water,  and  therefore  capable  of  be- 
ing readily  feparated  by  this  fluid  from  the 
mixed  alkali. 

Carbonat  of  titanium  is  foluble  in  the  cold, 
by  either  of  the  three  mineral  acids  moderately 
diluted,  the  carbonic  acid  efcaping  at  the  fame 
time  by  efFervefcence^  but  on  heating  thele  fo- 
lutions  they  are  all  decompofed,  a white  oxyd 
being  precipitated,  or  rather  half  feparating  from 
the  liquid  fo  as  to  make  it  white  like  milk. 
When  the  nltrat  of  titanium  is  thus  heated, 
there  is  a confiderable  difengagement  of  nitrous 
gas  previous  to  its  decompofition,  which  flrows 
that  in  this  cafe  the  oxyd  becomes  infoluble  by 
abforbing  an  additional  portion  of  oxygen. 
When  the  muriat  of  titanium  on  the  other 
hand  is  decompofed  by  heat,  there  is  a very 
fenfible  difengagement  of  oxymuriatic  acid, 
thus  Ihewing  that  the  infolubility  of  the  oxyd 
in  this  cafe  is  owing  to  its  being  deprived  of  a 
portion  of  oxygen.  This  Angular  circumflance 
is  further  demonftrated  by  the  ready  folubility 
in  muriatic  acid  of  the  oxyd  that  has  been  de- 
pofited  from  the  nitrat. 

The  alkalies  both  cauflic  and  carbonated  de- 
compofe  the  falts  of  titanium,  throwing  down 
a white  oxyd  in  the  one  cafe,  and  a carbonated 
oxyd  in  the  other.  The  arfenic  and  phofphoric 
acids  alfo  throw  down  a white  precipitate. 
T he  tartareous  and  oxalic  acids  afford  a white 
precipitate,  relbluble  in  an  additional  portion  of 
acid.  Hydrofulphuretted  water  occafions  no 
turbidnefs,  but  an  alkaline  hydrofulphuret  af- 
fords a dirty  brownifli  green  precipitate  ; the 
green  colour  however  is  probably  owing  to  a 
flight  contamination  of  iron.  Pruifiat  of  potafh 
affords  a copious  precipitate  of  a green  colour, 
which  does  not  become  blue  by  expofure  to  the 
air  according  to  Vauquelin,  of  a grafs-green 
colour  mixed  with  brown  according  to  Klap- 
roth, but  of  a dirty  yellowifh  brown  according 
to  Lowitz ; a muriatic  folution  of  the  titanium 
in  anatafe  was  obferved  by  Vauquelin  to  give 
with  prufliat  of  potafh  a chefnut  brown  preci- 
pitate. I 'infture  of  galls,  or  gallic  acid,  throws 
down  a bulky  brownilfi  red  precipitate,  which, 
except  the  folution  is  much  diluted,  in  a fhort 
time  becomes  clotted  like  blood  : this  precipi- 
tate when  waflied  and  dried  greatly  refembles 
kermes  mineral. 

If  into  a vial  filled  with  mjuriat  of  titanium 
there  be  put  a flick  of  tin,  and  the  vial  be  clofed 
by  a ftopper,  a faint  rofe  colour  will  foon  be 
tilible  in  that  part  of  the  folution  adjacent  to 


the  tin,  which  by  degrees  will  deepen  to  an 
amethyfline  red,  and  extend  through  the  whole 
liquor.  If  a flick  ot  zinc  be  fubflituted  to  the 
tin,  the  colour  of  the  folution  will  be  firfl  violet 
and  at  length  indigo-blue  : this  coloured  liquor 
when  gently  warmed  in  a fhallow  veffel  in  con- 
tadl  with  the  air,  will  lofe  its  colour,  and  de- 
pofit  a bulky  w'hite  precipitate,  again  foluble  in 
muriatic  acid,  and  apparently  differing  in  no- 
thing from  the  original  muriatic  folution. 

It  is  not  known  whether  titanium  combines 
with  fulphur,  it  may  be  made  however  to  unite 
with  phofphorus  in  the  following  way.  Mix 
the  phofphat  of  titanium  with  charcoal  and 
borax,  and  heat  the  mafs  flrongly  in  a blaft 
furnace,  the  relult  will  be  a button  of  titanium 
of  a pale  white  colour,  and  metallic  luftre. 

Various  attempts  have  been  made  by  Vau- 
quelin to  alloy  titanium  with  the  other  metals, 
but  wholly  without  fuccefs,  where  lead,  arfenic, 
copper  and  filver,  were  employed,  and  with  only 
very  dubious  fuccefs,  when  iron  was  made  ufe 
of. 

Both  the  white  oxyd  and  titanite  in  fubflance, 
according  to  Klaproth,  afford  when  mixed  with 
enamel  flux,  a flraw-yellow  colour,  and  it  ap- 
pears from  Le  Lievre,  that  it  was  ufed  in  the 
porcelain  manufa£lory  at  Sevres  as  an  ingredi- 
ent in  the  rich  browns,  but  the  difficulty  of 
obtaining  from  it  an  uniform  tint,  has  at  length 
occafioned  it  to  be  abandoned. 

TOADSTONE.  See  Trap. 
TOEPFERTHON.  See  Clay  potters’. 

TOPAZ.  Topas,  Wern.  Topaze,  Haw^ 
and  Brock.  Topaz  of  Brazil,  of  Saxony,  and 
of  Siberia.  Occidental  Topaz. 

Its  moft  ufual  colour  is  wine  yellow  of  dif- 
ferent degrees  of  intenfity  j it  alfo  occurs  nearly 
colourlefs,  yellowifli  and  bluifh  white,  and  pale 
fky-blue,  alfo  greenifh-grey,  rofe-red,  and  peach- 
flower  red. 

It  is  found  in  mafs,  diffemlnated,  in  rolled 
fragments,  and  cryflallized.  Its  primitive  form 
is  a flrait  prifm,  with  rhomboidal  bafes,  the  al- 
ternate angles  of  which  meafure  1 24°  and  56°. 

The  other  varieties  of  cryflallization  that  it 
prefents  are  the  following. 

1.  An  eight-fided  prifm,  the  planes  of  which 
join  one  another,  forming  two  oppofite  angles 
of  124°,  two  others  of  93°,  and  four  others  of 
161°.  The  prifm  is  terminated  by  tetrahedral 
pyramids. 

2.  The  preceding,  with  the  edges  of  the 
terminal  pyramid  that  adjoin  the  two  fmallefl 
angles  of  the  prifm  very  deeply  truncated,  fo  as 
to  form  fometimes  a hexahedral,  and  fometimes 
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even  a cuneiform  fummitj  the  former  termina- 
tion is  obfervable  in  the  Brafilian,  and  the  latter 
in  the  Siberian  topazes. 

3.  The  preceding,  with  a hexahedral  fummit 
deeply  truncated,  fo  as  to  form  a regular  hexa- 
gonal plane. 

4.  The  preceding,  with  the  edges  of  the 
prifm  that  are  adjacent  to  the  two  fmalleft  angles 
replaced  each  by  two  fecondary  planes,  thus 
forming  a dodecahedral  prifm. 

5.  The  preceding,  with  the  lateral,  and  fome- 
times  the  vertical  edges  of  the  fummit  bevilled. 

The  cvyllals  are  generally  fmall  and  middle 
fized;  their  lateral  faces  are  generally  longitu- 
dinally ftreaked,  and  fometimes  convex.  The 
luftre  both  externally  and  internally,  is  ufually 
brightly  fhining,  vitreous.  The  crofs  fra£lure 
is  llrait  lamellar,  the  longitudinal  is  fmall  and 
imperfe£lly  conchoidal.  It  varies  from  tranf- 
parent  to  tranflucent,  and  poflefles  a double  re- 
fra£Hon.  When  in  mafs  it  occurs  in  coarfe  and 
fine  granular  diftindl  concretions.  It  fcratches 
quartz  but  is  inferior  in  hardnefs  to  the  ruby. 
It  is  eafily  frangible.  Sp.  gr.  3.46—3.56. 

It  is  infufible  per  fe  before  the  blowpipe, 
but  melts  without  intumefcence  by  the  alTifl;- 
ance  of  borax.  The  Saxon  topaz  by  a gentle 
heat  becomes  colourlefs  without  undergoing 
any  other  change,  and  in  this  ftate  is  fometimes 
fold  for  diamond ; at  a higher  heat  however  it 
becomes  opake.  The  Brazilian  topaz,  when 
ignited  in  a crucible,  becomes  of  a rofe-red 
colour,  and  is  then  often  called  by  the  jewellers 
Brazilian  ruby. 

The  Brazilian  and  Siberian  topazes  are  ren- 
dered eleifric  by  heat. 

According  to  the  firft  analyfis  of  this  mineral 
by  Vauquelin,  its  component  parts  appeared  to 
be,  31  Silex 

68  Alumine 

99 

Klaproth  however  afterwards  dcte£led  the 
prefence  of  fluoric  acid  in  confiderable  abund- 
ance, which  induced  a fecond  analyfis  of  it  by 
Vauquelin,®  according  to  which  it  confifts  of, 
29  Silex 
50  Alumine 

21  (or  thereabouts)  Fluoric  acid 
100 

Topaz  occurs  at  Schneckenftein  in  Saxony 
mixed  with  quartz,  black  fchorl,  mica  and  li- 


thomarga,  forming  an  aggregate  which  has  ob- 
tained the  name  of  topaz  rock.  It  is  found  in 
Bohemia  at  Schljickenwald  in  veins  mixed  with 
tinftone,  fluor  fpar  and  mifpjckel.  The  Siberian 
topazes  are  found  in  the  Uralian  mountains, 
near  Ekaterinenburg,  and  in  Daouria  in  the 
mountain  Odontchelon,  imbedded  in  graphic 
granite,  and  accompanied  by  blackilh  quartz 
and  aquamarine.  Topaz  alfo  occurs  in  Brazil, 
and  at  Muckla  in  Natolia,  alfo  in  Pegu  and 
Ceylon. 

It  ranks  as  one  of  the  gems,  but  is  not  very 
highly  valued. 

TOPAZ  Oriental.  See  Corundum. 

TOPAZ  falfe.  See  Fluor  Spar  and 
Quartz. 

TOPFSTEIN.  See  Potstone. 

TOUCHSTONE.  See  Kieselschiefer. 

TOURMALINE.  See  Schorl  in  the  Ad- 
denda at  the  end  of  the  volume. 

TRAGACANTH  GUM.  See  Mucilage. 

TRANSFER.  An  article  of  apparatus,  for 
a defcription  of  which  fee  the  Appendix. 

TRAP. 

The  term  Trap  is  Swedilh,  and  fignifics  a 
ftair.  It  was  firft  applied  about  fixty  years 
ago,  by  fome  Swedifh  mineralogifts  to  de- 
fignate  a certain  clafs  of  mountains,  compofed 
of  nearly  horizontal  ftrata  with  perpendicular 
breaks,  which  thus  prefented  a rude  refem- 
blance  to  a flight  of  ftairs.  In  confequence  of 
the  vaguenefs  of  this  eflTential  charaOer,  many 
fpecies  of  rock  differing  very  much  from  each 
other  were  called  by  the  fame  name,  and  inex- 
tricable confufion  would  foon  have  enfued,  if 
Werner  had  not  by  adopting  and  reftridiing 
the  term,  beftowed  on  it  a definite  meaning. 

According  to  Werner  there  are  three  dif- 
tinifl:  claffes  or  formations  of  rocks  to  which 
the  term  trap  may  be  applied.  Of  thefe,  the 
firft  clafs , belongs  to  the  primitive  mountains, 
the  fecond  to  the  tranfition  mountains,  and  the 
third  to  the  fecondary  mountains. 

§ I.  Primitive  Traps, 

The  primitive  traps  are  compofed  effentially 
of  hornblende,  not  unfrequently  mingled  with 
felfpar,  and  more  rarely  with  pyrites  and  mica. 
There  are  four  diftincT  fpecies  of  rocks  belong- 
ing to  this  formation,  namely  common  horn- 
blende, fchiftofe  hornblende,  primitive  griin- 
ftein  and  fchiftofe  grlinftein. 

The  common  hornblende  rock  is  no  other  than 
the  fubftance  already  deferibed  in  tl;e  article 
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Hornblende.  It  is  fometimes  a congeries  of 
large  imperfect  cryftals,  but  more  generally  of 
grains,  which  laft  are  often  fo  minute  as  to  give 
the  whole  rock  a compa£l  appearance. 

Schijlofe  Hornblende  rock  is  for  the  moft  part 
compofed  of  the  fubftance  from  which  its 
name  is  derived;  it  is  however  occafionally 
mixed  with  quartz,  aftynolite  and  pyrites. 
This  rock  does  not  exclufively  belong  to  the 
trap  formation  as  it  forms  fubordinate  beds  in 
gneifs,  micaceous  fchiftus,  and  argillite.  It 
pair's  femetimes  into  grlinilein. 

Primitive  gri'mjlein,  or  green  ftone,  fo  called 
from  its  colour,  is  an  aggregate  of  hornblende 
and  felfpar.  It  differs  in  little  or  nothing  ex- 
cept its  fituation  from  fienite.  There  are  three 
varieties  of  this  rock ; in  one  the  hornblende 
and  felfpar  are  Intimately  and  immediately  ag- 
gregated and  its  texture  is  limply  granular;  in 
the  fecoitd  variety,  the  grains  of  which  it  is 
compofed  are  fmaller  than  in  the  preceding, 
and  in  this  aggregate,  as  in  a pafte,  are  im- 
bedded cryftals  of  felfpar;  hence  its  texture  is 
at  the  fame  time  finely  granular  and  porphy- 
ritic ; in  the  third  variety  the  particles  of  fel- 
fpar and  hornblende  coinpofing  the  pafte,  are  fo 
minute  as  to  be  indiftinguifhable,  hence  its 
fradlure  is  compa«fi;  and  even  fplintery  ; in  this 
are  imbedded  cryftals  of  felfpar.  'i'he  green 
antique  porphyry  belongs  to  this  variety. 

Bchiftofe  grunjiein  is  compofed  of  compact 
felfpar  and  hornblende  in  nearly  equal  propor- 
tions, mixed  with  a little  mica,  and  more 
rarely,  with  quartz:  it  has  a fchiftofe  texture. 

This  rock  is  not  peculiar  to  the  primitive 
trap  formation,  being  found  fometimes  to  alter- 
nate with  argillite. 

Grlinfteln  is  not  unfrequcntly  traverfed  by 
metalliferous  veins. 

§ 2.  Traps  cf  Tranftiicii. 

The  principal  material  of  the  rocks  that  be- 
long to  this  formation  is  granular  grunltein; 
but  in  the  tranfition  traps  the  mixture  of  the 
ingredients  is  more  intimate,  the  grain  is  finer, 
and  the  mafs  appears  more  homogeneous.  The 
tw'o  following  are  its  principal  varieties. 

Amygdaloid. — Toadftone,  Mandelfieln. 

The  mafs  of  this  rock  is  fchiftofe  hornblende 
or  fchiftofe  grlinftein  in  a ftate  of  ferai  decom- 
pofition  refembling  Wakke  or  fine  ferruginous 
clay.  It  contains  a num.ber  of  globular  cavities 
from  the  fize  of  a pea  to  that  of  a fmall  apple; 
of  ihefe  cavities  fome  contain  nothing  but  air, 
and  are  coated  on  tlie  infiuc  with  a kind  of 
yarnilh;  others  contain  halls  cf  calcareous  fpar, 


quartz,  and  chalcedony,  the  latter  compofed  of 
concentric  layers  round  a hollow  nucleus  lined 
with  cryftals  of  quartz.  The  toadftone  of 
Derbyfliire  is  confidered  by  Werner  to  belong  to 
this  variety. 

Globular  Trap.  Kugeltrap. 

This  is  compofed  of  fchiftofe  griinftein  in  a 
ftate  of  femi-dccompofition,  arranged  in  fphe- 
roids  of  various  magnitudes,  and  compofed  of 
thick  concentric  lamellar  diftindl  concretions. 

The  traps  of  tranfition  appear  not  to  be  ftra- 
tified;  they  form  folitary  conical  mountains  in 
the  vicinity  of  tranfition  limeftone,  and  contain 
very  few  metallic  veins. 

§ 3.  Secondary,  or  Floeiz  Traps. 

Tlie  rocks  or  ftrata  belonging  to  the  fecond- 
ary  trap  formation  may  be  divided  into  thofe 
which  are  peculiar  and  charafleriftic  of  it,  and 
thofe  which  are  accidental.  The  former  are 
bafalt,  wakke,  bafaltic  trap,  fecondary  amyg- 
daloid, klingftein  porphyry,  grauftein,  and  Ve- 
condary  griinftein.  Among  the  latter  may  be 
claffed,  rubble  and  fandftone,  clay,  coal,  and 
bituminous  wood. 

Bafaltic  rock,  is  compofed  for  the  moft  part 
of  the  mineral  already  deferibed  in  the  article 
bafiilt.  It  is  ufually  porphyritic,  and  then  con- 
tains cryftals  or  grains  of  felfpar,  olivine,  au- 
gite,  bafaltic  hornblende,  magrietical  iron,  leu- 
cite,  quartz,  and,  rarely,  mica,  aeftynolite,  and 
chalcedony.  Sometimes  it  affumes  the  ainygda- 
loidal  ftruciure,  and  its  cavities  are  then  either 
empty  or  filled  with  zeolite,  fteatite,  calcareous 
fpar,  aiid  even  fometimes  with  water.  Of  all 
the  rocks  belonging  to  the  fecondary  trap  form- 
ation, bafalt  is  of  the  moft  frequent  occurrence; 
It  forms  by  itfelf  wliole  mountains,  and  the  en- 
tire feries  of  rocks  with  which  it  is  affociated, 
may  be  with  much  propriety,  and  is  atfuaily 
by  fome  mineralogifts,  denominated  the  bafaltic 
formation. 

IVaike  rock  is  compofed  of  the  mineral  bear- 
ing this  name,  mixed  with  cryftals  of  bafaltic 
hornblende,  and  p.irticularly  with  hexagonal 
plates  of  black  mica,  by  avliicli,  and  bv  the 
abfence  cf  olivine  and  augite,  it  is  diftinguillieJ 
from  decompofing  bafalt. 

Bafaltic  Tufa  is  the  refu't  of  the  decompofition 
or  rather  of  the  difintegraticn  of  certain  beds 
of  bafalt;  it  confifts  of  pieces  of  bafalt,  frag- 
ments of  olivine,  and  vegetable  remains  agglu- 
tinated together  by  an  argillaceous  cement. 

Secondary  <!m\gdah:d,  appears  to  have  for  a 
bafe  decompoferl  grunflein,  which  is  oftrti 
penetrated  by  filicccus  particles;  fometimes  it 


t R E 


T R E 


( 441  )- 


pafles  into  walcke  and  fomctimes  into  bafalt. 
The  fpheroidal  cavities  of  this  amygdaloid  are 
either  empty  or  filled  with  green  earth,  zeolite, 
calcareous  fpar,  chalcedony,  &c. 

Klingstein  porphyry  confifts  of  a bafe  of 
Klingftein  in  which  are  imbedded  cryftals  of 
felfpar,  and  fometimes  of  hornblende.  It  pafles 
frequently  into  bafalt. 

Secondary  grunjleitiy  like  the  primitive  and 
tranfition  grlinftein  is  compofed  of  hornblende 
and  felfpar,  but  in  this  the  grains  have  a lefs 
perfect  cryftalline  appearance. 

Graujiein,  or  grey  Hone,  is  a rock  compofed 
of  very  minute  grains  of  hornblende  and  fel- 
fpar in  a Hate  of  fuch  intimate  mixture,  as  to 
have  the  appearance  of  an  almoft  uniform  mafs 
of  an  afh-grey  colour.  It  contains  olivine  and 
aiigite. 

The  proper  bafe  to  the  fecondary  trap  form- 
ation, or  in  other  words  the  fubftance  wdiich 
appears  to  have  immediately  preceded  it  in  the 
order  of  formation,  is  fecondary  limeflone  ; it 
is  however  not  unfrequently  found  refting  on 
fandftone,  on  argillite,  on  gneifs,  and  even  on 
granite. 

The  general  order  in  which  the  ftrata  of 
this  formation  are  arranged  relatively  to  each 
other,  is  the  following,  viz.  coarfe  fand,  fine 
fand,  fandy  clay,  undluous  clay,  wakke,  bafalt, 
amygdaloid,  klingftein  porphyry,  griinftein,  and 
grauftein  j it  hardly  ever  happens  however  that 
all  thefe  ftrata  are  met  with  in  the  fame  mafs 
of  mountain. 

No  metallic  veins  are  found  in  this  clafs  of 
mountains,  but  the  remains  of  vegetable  and 
marine  organized  bodies  are  of  frequent  occur- 
rence. 

TREMOLITE.  Tremolithy  Wern.  Broch. 
GrammaiitCy  Hauy. 

Of  this  mineral  there  are  the  three  following 
fubfpecies. 

I Subfp.  Common  Tremolite. 

Its  colour  is  greenifti-white,  fometimes 
greyifh,  reddifli  or  yellowifti-white,  alfo  pearl- 
grey,  fmoak-grey,  and  pale  brownifti  green.  It 
occurs  in  mafs  or  cryftallized.  Its  primitive 
form  is  that  of  an  oblique  rhomboidal  prifm, 
the  alternate  angles  of  which  are  and  53°. 
It  alfo  br-ifents  the  following  varieties. 

1 . The  primitive  tetrahedral  prifm  with  di- 
hedral fummits.  Each  fummit  is  compofed  of 
two  ifofceles  triangles  joined  by  their  bafes, 
having  their  apexes  adjacent  to  the  acute 
angles  of  the  prifm. 

2.  The  preceding  with  the  acute  edges  of 
the  prifm  truncated,  whence  refults  a hexahe- 
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dral  prifm,  with  the  terminal  triangles,  com- 
pofmg  tire  fummit,  alfo  truncated  at  their 
apexes,  or  in  other  words  converted  into  trape- 
ziums. 

3.  The  fame  as  var.  i,  with  both  the  acute 
and  obtufe  edges  of  the  prifm  truncated, 
whence  refults  an  eight-fided  prifm  with  dihe- 
dral fummits,  the  planes  of  which  are  triangles 
with  all  their  angles  truncated,  or  hexagons. 

The  cryftals  are  middle-fized,  longitudinally 
ftriated,  confufedly  grouped  together,  and  im- 
bedded; internally,  tremolite  is  glillening  or 
Alining,  with  a pearly  luftre.  Its  fra£lure  is 
broad  ftriated  with  parallel  or  divergent  rays, 
and  palfes  into  foliated.  Its  crofs  fradbure  is 
uneven.  It  prefents  granular  or  wedge-fiiaped 
diftindb  concretions.  It  is  tranflucent,  when 
cryftallized  femi-tranfparent;  is  generally  hard 
enough  to  fcratch  glafs,  is  brittle,  and  eafily 
frangible. 

2 Subfp.  Glafiy  Tremolite. 

Its  colour  is  greylfii  and  yellowifti-white, 
rarely  greenifti  or  rcddifti.  It  occurs  in  mafs, 
or  in  elongated  needle-ftiape  cryftals.  Inter- 
nally it  is  more  or  lefs  Ihining  with  a pearly 
luftre.  Its  longitudinal  fradbure  is  divergingly 
radiated  pafllng  into  fibrous;  its  crofs  fradburc 
is  uneven.  It  is  compofed  of  prifmatic  diftindb 
concretions  the  furfaces  of  which  are  flight  ly 
ftriated.  It  is  tranflucent,  moderately  hard, 
brittle,  and  eafily  frangible. 

It  melts  before  the  blowpipe  without  addi- 
tion into  a white  fcoria.  Its  component  parts, 
according  to  an  analyfis  by  Klaproth,  are 
63.  Silex 
10.33  Magnefia 
18.  Lime 
0.16  Oxyd  of  iron 
6.5  Water  and  carbonic  acid] 


99.99 

3 Subfp.  Afbeftous  Tremolite. 

Its  colour  is  yellowifti,  reddifti,  greenifti,  or 
greyifti  white.  It  occurs  in  mafs  and  in  capil- 
lary cryftals.  Its  internal  luftre  is  gliftening 
and  pearly.  Its  fradbure  is  ftrait  and  fine 
fibrous  either  Amply  divergent  or  bundled.  It 
prefents  granular  and  wedge-ftiaped  diftindb 
concretions.  It  is  tranflucent  on  the  edges, 
is  foft  and  eafily  frangible. 

The  fofter  varieties  of  tremolite  are  phofpho- 
refeent  both  by  heat  and  by  fridbion. 

Tremolite  was  firft  difeovered  by  Pini  in  the 
valley  of  Tremola  among  the  Italian  Alps.  It 
alfo  occurs  in  Mont  St.  Gothard  in  owitzer- 
3 K 
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'land,  in  the  Tyrol,  Tranfylvania,  Moravia,  and 
at  Langenfeldt  in  Saxony,  alfo  in  Siberia  near 
Lake  Baikal,  in  the  Shetland  iflands,  and  in  the 
caftle  rock  of  Edinburgh. 

It  occurs  principally  in  primitive  mountains, 
imbedded  in  dolomite  or  granular  limeftone,  and 
mixed  with  mica  and  talc.  It  is  alfo  found  in 
the  fecondary  trap-formation,  accompanied  by 
prehnite. 

TRIPHANE.  Spodumetiey  D’Andrada  and 
W erner. 

’ Its  colour  is  apple-green,  or  greenifli-white. 
It  occurs  in  mafs.  Its  longitudinal  frafture  is 
fhininj,  its  crofs  fradture  is  gliftening,  with 
a pearly  luftre.  Its  fradture  is  foliated  in  two 
diredfions ; the  crofs  fradture  is  fine  grained 
uneven.  The  fragments  are  indeterminate,  or 
in  the  form  of  very  oblique  rhombs.  It  is 
tranflucent,  moderately  hard,  and  eafily  frangi- 
ble. Sp.  gr.  3.21. 

Before  the  blowpipe  it  becomes  yellow  and 
fplits  into  thin  plates,  and  then  melts  into  a 
tranfparent  greyifh  glafs. 

It  has  hitherto  been  found  only  in  the  mines 
of  Uton,  near  Dalero  in  Sweden,  in  veins  with 
quartz  and  back  mica. 

TRIPOLI.  Trippely  Wern. 

Its  colour  is  yellowifh-grey,  palling  into  afh- 
grey  and  reddilh-brown.  It  occurs  in  mafs, 
and  is  without  lultre ; its  fradlure  is  coarfe- 
grained  earthy,  paffing  into  obfcurely  flaty.  It 
is  foft,  often  friable  j is  meagre  and  rough  to 
the  touch,  and  does  not  adhere  to  the  tongue. 

It  is  fcarcely  fufible  before  the  blowpipe 
without  the  alTiftance  of  borax.  It  is  com- 
pofed,  according  to  M.  Haafe,  of 
90  Silex 
7 Alumine 
3 Oxyd  of  iron 
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It  was  formerly  brought  to  Europe  from 
Tripoli  in  Africa,  but  has  fince  been  found  in 
Saxony,  at  Pottfchappel  near  Drefden,  in  Der- 
bylliire,  in  Flanders,  Switzerland,  Hefle,  Weft- 
phalia  and  Rulfia.  It  occurs  in  veins  and  beds 
in  fecondary  rocks,  and  probably  fometimes  is 
a pfeudo-volcanic  produdtion. 

It  is  largely  employed  in  polilhing  metals, 
marble,  glafs,  and  other  hard  bodiesw 

TUBE  OF  SAFETY.. 

All  article  of  chemical  apparatus,  for  an  ac- 
count of  which  fee  the  Api*ENDix. 


TUFA  calcareous.  Kalk  Tuffy  Werrt. 

Its  colour  is  yellowilh-grey  or  fmoke-grey. 
It  occurs  fometimes  folid,  but  generally  porous 
and  marked  with  impreflions  of  reeds,  mofs, 
and  other  vegetables.  Its  luftre,  when  it  has 
any,  is  faintly  glimmering.  Its  fra£lure  is  fine 
grained  uneven,  paffing  into  earthy.  It  is  foft, 
eafily  frangible,  and  not  much  heavier  than 
water. 

It  effervefees  with  acids,  and  is  little  elfe  than 
carbonat  of  lime. 

It  occurs  in  alluvial  land,  being  depofited  by 
water  impregnated  with  carbonat  of  lime. 

The  more  compadi  kinds  are  employed  in 
building,  for  which  their  lightnefs  well  adapts 
them. 

TUNGSTEN.  Scheelium. 

Tungften  is  a hard  brittle  granular  metal, 
very  difficultly  foluble  in  the  acids,  combines 
with  the  alkalies,  and  is  converted  from  yellow 
to  blue  oxyd  by  muriated  tin. 

§.  I.  Ores. 

Sp.  I.  Tungsten.  Schwerjle'wy  Wern.— 
Scheelin  calcaircy  Hauy.  Gojfariy  of  the  Corniffi 
miners. 

Its  colour  is  greyiffi  or  yellowiffi-white, 
paffing  into  yellowiffi-grey ; it  is  often  fuper- 
ficially  tarniffied  to  dark  pearl-grey  or  yellowiffi 
brown.  It  occurs  in  mafs,  diffeminated,  and 
cryftallized.  Its  primitive  form,  according  to 
Hauy,  is  the  cube  j but  the  ufual  form  that  it 
prefents  is  the  odlohedron,  either  regular,  or 
bevilled  at  the  common  bafe  of  the  pyramids,  or 
cuneiform.  Its  cryflals  are  middle-fized  or 
fmall.  The  lateral  planes  of  the  cryftals  are 
fmooth  and  brightly  fliining  with  a nearly  ada- 
mantine luftre.  Its  frafture  is  imperfeftiy 
foliated,  paffing  into  conchoidal  and  uneven  ; 
that  of  the  maffive  varieties  is  granular  and 
fplintery.  It  fometimes  occurs  in  large  or  fmall 
grained  diftinft  concretions.  The  cryftallized 
is  tranflucent,  rarely  tranfparent ; the  maffive  is 
opake.  It  may  be  feraped  without  difficulty  by 
a knife,  is  eafily  frangible,  but  not  particularly 
brittle.  Sp.  gr.  6.01.  ^=5.57. 

Before  the  blov/pipe,  without  addition,  it 
crackles  and  becomes  opake,  but  is  not  fufible. 
When  pulverized  and  digefted  with  nitric  or 
muriatic  acid  it  leaves  a lemon-yellow  refidue, 
which  is  tunftic  oxyd.  This  mineral  has  been 
analyfed,  firft  by  Scheele,  then  by  the  Elhuyars, 
and  laftly  by  Klaproth,  with  the  following 
refuks. 
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From  Bitlherg. 

Schlackenwald. 

Schlackenwald. 

Cornwall. 

By  Scheele. 

Elhuyars. 

Klaproth. 

' Klapr. 

65.  — 

68.  — 

77-75  — 

75.25  Oxyd  of  Tungften. 

3*- 

30.  — 

17.6  — 

18.7  Lime. 

4.  — 

3-  — 

1.5  Silex. 

1.25  Oxyd  of  Iron. 

0.75  Ditto  of  Manganefe. 

100. 

98- 

98.35 

97-45 

Tungften  is  rather  a rare  mineral.  It  occurs 
in  metallic  veins  in  primitive  mountains,  accom- 
panied by  tinftone,  haematite,  wolfram,  quartz, 
mica,  fteatite,  &c.  It  is  found  at  Bitfberg  in 
Sweden,  Schlackenwald  in  Bohemia,  and  Pen- 
gilly  in  Cornwall. 

Sp.  2.  Wolfram.  Wern.  Broch. 

Scheelin  ferrugine,  Hauy. 

Its  colour  is  brownilh-black,  greyilh-black, 
and  dark  reddilh-brown,  often  with  a greenifh 
iridefcent  tarnifli.  It  occurs  maflive  and  cryf- 
tallized.  Its  primitive  form  is  a re£langular 
parallelepiped ; befides  which  it  prefents  the 
following  varieties : 

1.  A tetrahedral  prifm,  with  dihedral  fum- 
mits,  with  the  common  edges  of  the  fummits 
and  prifm  truncated. 

2.  A comprefled  tetrahedral  prifm,  with 
bevilled  dihedral  fummits,  obliquely  truncated. 


Elhuy. 

Wiegl. 

Klapr. 

65.  — 

35-75  — 

46.9 

22.  — 

32.  — 

0. 

*3-5  — 

II.  — 

31.2 

2.0  — 

0.  ~ 

0. 

102.5 

78.75 

78.1 

21.25 

21.9 

3.  The  fame,  with  the  lateral  edges  of  the 
prifm  alfo  bevilled. 

The  cryftals  are  of  middle-fize  or  large, 
fometinies  folitary,  but  moft  commonly  grouped 
together  in  an  irregular  manner,  and  often  very 
indiftindl.  Externally  they  are  gliftening,  in- 
ternally they  are  brightly  fliining  with  a metallic 
luftre.  Its  longitudinal  fradlure  is  ftrait  lamel- 
lar, its  crofs  fra£lure  is  granular  uneven.  It 
occurs  fometimes  in  curved  lamellar  diftin£l: 
concretions,  with  alternate  faliant  and  re-enter- 
ing angles.  It  is  opake,  gives  a reddilh-brown 
powder,  may  be  readily  feraped  with  a knife, 
is  brittle  and  eafdy  frangible.  Sp.  gr.  7.12. 

Before  the  blowpipe  it  crackles  and  becomes 
of  a darker  colour,  but  does  not  melt.  It  has 
been  analyfed  by  the  Elhuyars,  by  Wiegleb, 
by  Klaproth,  and  by  Vauquelin,  with  the  fol- 
lowing refults : 

Vauq. 

— 67.  Yellow  oxyd  of  Tungfte^. 

— 6.25  Oxyd  of  Manganefe. 

— 18.  Oxyd  of  Iroc- 

— 1.5  Silex. 


It  occurs  in  veins  in  primitive  mountains, 
generally  accompanied  by  tinftone.  It  is  found 
at  Zinnwald,  Graupen,  and  Schlackenwald,  in 
Bohemia;  at  Ehrenfriede/fdorf,  Geyer,  and 
Altenlberg  in  Saxony  ; at  St.  Leonard,  departe- 
ment  de  la  Haute  Vienne  in  France ; Poldice 
in  Cornwall. 

§.  2.  and  Anal^is. 

I.  The  analyfis  of  tungften  is  very  fimple ; 
the  moft  fuccefsful  method  of  performing  it  is 
that  which  was  invented  by  Schcele,’  and  has 
lince  been  adopted  by  Klaproth,'’  viz.  After 
the  mineral  has  been  finely  pulverized,  let  it  be 
digefted  in  moderately  ftrong  nitric  acid,  by 


which  a part  will  be  dilTolved,  and  the  refidue 
will  acquire  a yellow  colour  ; then  pour  oft'  the 
nitric  folution,  edulcorate  the  refidue,  and  after- 
wards digeft  it  in  liquid  ammonia.  This  latter 
menftruum  will  take  up  a portion  and  change 
the  colour  of  the  remainder  to  white : proceed 
in  this  manner,  alternately  employing  nitric 
acid  and  ammonia,  till  every  thing  foluble  is 
taken  up ; what  remains  is  generally  nothing 
but  a fmall  quantity  of filcK. 

The  nitric  folution  is  now  to  be  treated  with 
liquid  cauftic  ammonia,  by  which  any  oxyd  of 
iron  or  manganefe  that  may  be  prefent  will  be 
thrown  down ; which  being  feparated  by  the 
* Anaijrt.  £ft.-roK  U.  p. 
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filter,  carbonat  of  foda  is  to  be  added  to  the 
folution  in  order  to  precipitate  the  lime:  this, 
when  waftied  and  dried,  is  pure  carbonat,  from 
which  the  amount  of  pure  lime  may  be  deduced 
by  the  common  rule  of  proportion. 

The  ammoniacal  folution  contains  only  am- 
monia and  oxyd  of  tungften  ; it  is  therefore  to 
be  evaporated  to  drynefs,  and  the  refidue  gently 
ignited  in  a platina  crucible;  by  this  procefs  the 
ammonia  will  be  deftroyed  and  driven  off,  and 
a pure  yellow  oxyd  of  tungsten  will  be  left 
behind. 

2.  The  analyfis  of  Wolfram  is  to  be  con- 
duced nearly  in  the  fame  manner  as  the  pre- 
ceding. Having  reduced  the  ore  to  fine  powder, 
it  is  to  be  digefted  with  nitro-muriatic  acid  ; 
a pretty  copious  difengagement  of  nitrous  gas 
will  enlue,  part  of  the  powder  will  be  diflblved, 
and  the  remainder  will  be  of  a yellowifh  colour: 
the  nitro-muriatic  folution  being  poured  off,  the 
refidue  is  to  be  treated  with  liquid  ammonia; 
thus  alternately  making  ufe  of  thefe  two  men- 
ftrua  till  nothing  but  a few  grains  of  quartz 
remains  behind. 

The  muriatic  folution,  containing  the  oxyds 
of  iron  and  manganefe,  is  to  be  mixed  with 
perfeCly  neutralized  carbonat  of  potafli,  till  the 
liquor  begins  to  grow  turbid  ; being  then  gently 
boiled  for  a minute  or  two,  a copious  precipi- 
tation of  oxyd  of  iron  will  take  place.  4'he 
clear  liquor  being  then  neutralized  with  a folu- 
tion of  pearlafli,  will  depofit  a cream-coloured 
precipitate,  confifting  of  carbonated  manganefe, 
with  a little  oxyd  of  iron,  which  is  to  be 
feparated  as  already  deferibed  in  the  article 

W ANGANESE. 

The  ammoniacal  folution  contains  the  oxyd 
of  tunglfen,  which  may  be  procured  in  the 
form  of  a yellow  powder,  by  evaporating  to 
drynefs  and  fubfequent  ignition  in  a platina 
crucible. 

3.  It  remains  to  make  a few  remarks  on  the 
particulars  of  the  analyfes  quoted  in  the  pre- 
ceding fedlion. 

The  analyfes  of  tungften  by  Scheele  and  the 
Tlhuyars  agree  very  nearly  with  each  other, 
though  they  differ  very  widely  from  thofe  by 
Klaproth.  It  is  to  be  obferved  however  that 
the  analyfis  attributed  to  Scheele  is  merely  an 
inference  from  a fingle  experiment,  in  which  80 
{Trains  of  tungften  were  alternately  treated  with 
nitric  acid  and  ammonia;  the  nitric  folution, 
when  faturated  by  carbonated  potafli,  afforded 
45  of  carbonat  of  lime;  but  no  mention  is 


made  of  the  proportion  of  tungften  contained  Iri 
the  ammoniacal  folution.  The  particulars  of 
the  analyfis  by  the  Elhuyars  we  have  not  feen  ; 
but  thofe  by  Klaproth  are  ftated  at  length  in  his 
Analytical  Eflays,  and  appear  to  be  liable  to  no 
objedtions. 

With  regard  to  the  four  analyfes  of  Wolfram, 
it  is  remarkable  that  in  thofe  by  Wiegleb  and 
Klaproth  there  is  a deficiency  amounting  to  be- 
tween 21  and  22. per  cent.  The  particulars  of 
thefe  two  analyfes  we  have  not  been  able  to 
meet  with,  and  therefore  can  only  account  for 
the  deficiency  by  fuppofmg  that  the  old  method 
of  decompofing  this  fubftance  by  fufion  with 
nitre  or  fixed  alkali  has  been  reforted  to  ; in 
which  cafe  the  oxyd  of  tungften  being  rendered 
foluble  in  water  by  combination  with  alkali  and 
the  precipitating  acid,  may  have  partly  efcaped 
in  the  wafliings. 

The  method  employed  by  Vauquelin'^  and 
the  Elhuyars**  was  the  alternate  application  of 
muriatic  acid  and  liquid  ammonia,  and  the  fol- 
lowing was  the  Jlate  in  which  the  component 
parts  were  eftimated,  viz.  yellow  oxyd  of  tung- 
ften, magnetic  oxyd  of  iron,  and  black  oxyd  of 
manganefe.  But  though  thefe  metals  were  ob- 
-tained  from  the  ore  at  the  above-mentioned 
'ftates  of  oxydation,  it  does  by  no  means  follo^y' 
that  they  exifted  in  this  ftate  in  the  ore  itfelf. 
Firft  with  regard  to  the  iron  ; this  it  is  evident 
does  not  exiil  in  the  Wolfram  as  black  oxyd ; 
for  the  mineral  is  wholly  incapable  of  affefting 
the  magnetic  needle.  Secondly,  with  regard  to 
the  manganefe;  this  probably  exifts  in  the 
wolfram  at  a low  ftate  of  oxydation,  for  when 
digefted  with  muriatic  acid  there  is  no  percepti- 
ble odour  of  oxy-muriatic  acid,  and  its  colour 
is  vei7  confiderably  deepened  by  gentle  calci- 
nation. Thirdly,  with  regard  to  the  tungften  ; 
in  the  analyfes  both  of  Vauquelin  and  the  El- 
huyars it  is  mentioned,  that  the  colour  of  the 
refidue  after  digefting  wolfram  with  muriatic 
acid,  was  yellow  ; from  which  it  would  appear 
that  the  tungften  exifted  in  the  ftate  of  yellow 
oxyd  in  the  ore.  It  is  with  the  utmoft  diffi- 
dence that  we  oppofe  our  own  experiments  to 
thofe  of  fo  accurate  and  able  a chemift  as  Vau- 
quelin, yet  as  they  were  carefully  made  we 
cannot  avoid  Hating  them.  The  wolfram  that 
we  operated  on  was  from  Cornwall,  and  of  a 
dai-k  liver  colour.  When  digefted  with  nitro- 
muriatic  acid,  there  was  a copious  produdliort 
of  nitrous  gas,  the  liquor  became  of  a high  wine 
colour,  and  had  taken  up  oxyd  of  iron  ant) 
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inanganefe,  but  nothing  elfe.  The  refidue 
confilled  of  uiidecompofed  wolfram,  mixed 
with  a yellow  powder,  which  laft  was  entirely 
taken  up  by  liquid  ammonia.  On  the  other 
hand,  when  ftrong  and  very  pure  muriatic  acid 
was  employed,  the  liquor  acquired  a brownilh 
green  colour,  no  oxy-muriatic  acid  gas  was 
•given  out,  and  the  folution,  befides  iron  and 
manganefe,  contained  oxyd  of  tungften,  which 
was  thrown  down  by  the  addition  of  diftilled 
water,  in  the  form  of  a pale  yellowifh  green 
powder ; this  powder  was  not  refoluble  in  mu- 
riatic acid  j it  became  white  on  the  addition  of 
ammonia,  but  was  very  fparingly  foluble.  Its 
greenilh  tinge  was  changed  to  bright  yellow  by 
nitric  acid,  nitrous  gas  being  difengaged.  The 
decompofed  refidue  of  the  ore  not  taken  up  by 
muriatic  acid,  was  of  a dirty  green  colour,  but 
on  the  addition  of  ammonia  became  of  a deep 
blue,  which  blue  powder  was  infoluble  in  am- 
monia. W e cannot  therefore  but  conclude  that 
the  acid  employed  by  Vauquelin  was  mixed 
with  nitric  acid  ; and  that  the  tungften  exifts 
in  wolfram  in  the  ftate  of  blue  fub-oxyd. 

3.  RedttBion  of  ores. 

Metallic  tungften  not  being  applied  to  any 
ufe,  the  only  attempts  to  reduce  it  have  been 
made  on  fmall  quantities  in  the  laboratory. 
The  Elhuyars  were  the  firft  who  obtained  it  in 
the  reguline  ftate.'  For  this  purpofe  they  put 
loo  grains  of  the  yellow  oxyd  into  a crucible 
lined  with  charcoal,  and  gave  it  a ftrong  heat 
for  an  hour  and  a half.  The  crucible  was  broken 
when  cold,  and  was  found  to  contain  a friable 
congeries  of  metallic  globules,  of  the  colour 
and  luftre  of  fteel,  and  weighing  60  grs.  Vau- 
quelin afterwards  repeated  the  experiment,  by 
firft  mixing  the  yellow  oxyd  with  oil,  and  then 
expofing  it  in  a lined  crucible  for  two  hours  to 
the  violent  heat  of  a forge  furnace  : he  obtained 
a darkilh  grey  mafs,  confifting  of  a number  of 
fmall  globules.  In  another  experiment,  where 
the  oxyd  and  oil  was  mixed  with  boracic  acid, 
he  obtained  a porous  mafs  of  a greyilh  white 
colour,  with  the  cavities  lined  with  minute, 
brilliant,  metallic  cryftals.  A third  niethod^has 
been  praddifed  with  fuccefs  by  the  writer  of  this 
article,  aftifted  by  Mr.  Allen.  2 grs.  of 
tunftat  of  ammonia,  in  acicular  cryftals,  were 
put  into  a crucible  lined  with  charcoal,  and  ex- 
pofed  for  two  hours  to  a powerful  wind  furnacej 
tiiere  was  thus  produced  a (lightly  cohering 
mafs,  weighing  161  grs.  of  roundiftr  grains, 

• Chemical  analyfii  of  Wolfram,  &c.  p.38. 


about  the  fize  of  a pin’s  head,  with  a very  bril- 
liant metallic  luftre. 

§.  4.  Phftcal  and  Chemical  properties. 

The  colour  of  tungften  is  a light  ileel-grey, 
with  a brilliant  metallic  luftre  : it  is  in  the  form 
of  minute  grains,  (lightly  agglutinated  ; it  is 
very  hard,  yielding  with  difficulty  to  the  file. 
Its  fp-gr.  according  to  the  Elhuyars,  is=;  17.6, 
according  to  an  experiment  of  my  own  is 
I7-33"  It  does  not  at  all  aifedd  the  magnetic 
needle  ; when  expofed  to  a ftream  of  oxygen 
gas  on  charcoal  it  burns  with  a yellow  (lame 
without  melting,  and  is  entirely  volatilized  in 
the  form  of  a thick  vapour,  which  when  col- 
ledded  is  the  yellow  oxyd  of  this  metal. 

Neither  the  muriatic  nor  fulphuric  acids  have 
any  perceptible  addion  on  this  mepil,  even  at  a 
boiling  heat;  but  when  mixed  with  a little 
nitric  acid,  a difengagement  of  nitrous  gas 
enlues,  and  the  meral  is  partly  dilTolved,  and 
partly  diffufed  through  the  liquor  in  the  ftate  of 
yellow  oxyd.  This  folution  undergoes  no 
change  on  dilution  with  water  ; by  the  addition 
of  a few  drops  of  pruffiat  of  potaih,  its  colour 
becomes  a deep  fomewhat  iridefeent  green,  but 
no  precipitation  takes  place  ; by  cauftic  potafti 
it  is  changed  to  a brown  olive,  and  the  green 
colour  is  again  reftored  by  the  addition  of  a few 
drops  of  nitric  acid. 

•By  a red  heat,  with  accefs  of  air,  tungften  Is 
readily  converted  into  a lemon  yellow  oxyd. 
ICO  parts  of  the  metal  aftbrd,  according  to  the 
Elhuyars,  124  of  oxyd. 

The  above  are  all  the  fabis  hitherto  publiffied 
concerning  metallic  tungften,  thofe  which  fol- 
low being  the  refults  of  experiments  made  on 
the  oxyd  of  this  metal,  as  extracted  from  its 
ores,  without  having  been  fubfequently  reduced 
to  the  reguline  ftate. 

There  are  two  cxyds  of  tungften,  the  yellow 
or  per-oxyd,  and  the  blue  or  fub-oxyd.  The 
former  may  be  prepared  in  various  w-ays  ; firft, 
as  already  mentioned,  by  calcination  of  the 
metal;  feco ’.diy,  by  fufing  two  parts  of  wol- 
fram with  three  of  nitre,  and  digefting  the 
faline  mafs  thus  produced  in  hot  water  ; the 
liquor  contains  the  oxyd  of  tungften  combined 
with  potaih,  and  holding  in  folution  a little 
oxyd  of  manganefe  ; by  expofure  to  the  air  for 
a day  or  two,  tlie  latter  oxyd  is  precipitated  ; 
the  clear  liquor  being  then  evaporated  to  drynefs 
is  to  be  digefted  with  three  or  four  fucceffive 
portions  of  nitric  acid,  by  which  the  alkali  will 

'Journ.des  Mines,  No  19,  p.  24. 


1 


TUN  ( 4-46  ) TUN 


be  taken  u}i,  and  the  yellow  oxycl  of  tungften 
will  remain  behind,  Itill  however  combined, 
perhaps,  with  a little  alkali.  A third  method, 
and  upon  the  whole  the  beft,  of  preparing  this 
oxyd,  is  by  calcining  the  cryftallized  tunftat  of 
ammonia  in  an  open  crucible  of  platina,  by 
which  the  alkali  will  be  entirely  driven  off  and 
deftroyed,  and  perfeftly  pure  oxyd  will  remain 
behind:  too  parts  of  this  fait  afford,  according 
to  Vauquelin,  78  of  yellow  oxyd. 

The  proportion  of  oxygen  in  the  yellow  oxyd 
has  not  yet  been  afcertained  with  much  pre- 
cifion.  The  Elhuyars  obtained  from  too  parts 
of  oxyd  60  parts  of  metal,  according  to  which 
the  oxyd  contains  40  per  cent,  of  oxygen  ; but 
on  the  other  hand,  from  100  parts  of  metal 
they  obtained  by  calcination  only  124  parts  of 
oxyd,  which  would  make  the  oxyd  contain  only 
19.4  per  cent,  of  oxygen.  This  latter  propor- 
tion appears  the  moll  worthy  of  credit,  both 
from  the  cireumftances  of  the  experiment,  and 
becaufe  it  does  not  very  much  differ  from  the 
proportions  obtained  by  combining  the  refults 
of  two  other  experiments,  the  one  by  Vauquelin 
and  the  other  by  myfelf,  according  to  which 
100  parts  of  tunftat  of  ammonia  afford  78  of 
yellow  oxyd,  and  240  parts  of  the  fame  fait 
afford  161  of  metal,  which  would  give  for  the 
compofition  of  the  yellow  oxyd  86  parts  of 
metal  to  14  of  oxygen. 

The  yellow  oxyd  is  infipid  and  inodorous : 
Its  fp.  gr.  is  6.12.  When  expofed  to  the 
blowpipe  in  a platina  fpoon,  it  acquires  a deep 
green  colour ; it  gives  a deep  blue  when  fufed 
with  microcofmic  fait  j when  heated  on  char- 
coal it  becomes  of  a dark  blulfh  black.  By  a 
ftrong  heat  in  a clofe  crucible  its  colour  is 
changed  to  a blackifh  grey,  according  to  Vau- 
quelin ; but  according  to  the  Elhuyars  it  forms 
a fpungy  mafs  of  a bluifh  black  colour,  and 
covered  fuperficially  with  minute  cryftals ; Its 
fp.  gr.  is  increafed  to  9 55,  and  by  calcination 
in  a muffle  it  again  acquires  a yellow  colour, 
and  its  weight  Is  increafed  by  2 per  cent.  (It 
is  to  be  obferved  how^ever,  that  the  oxyd  em- 
ployed by  the  laft  mentioned  chemifts  was  pre- 
pared according  to  the  fecond  of  the  methods 
above  defcribed,  and  therefore  might  poffibly 
contain  a little  potafli).  The  yellow  oxyd  when 
digefted  with  a little  dilute  muriat  of  tin,  ac- 
quires a deep  blue  colour,  and  if  in  this  ftate 
it  is  removed  into  dilute  nitric  acid  and  warm- 
ed, nitrous  gas  will  be  given  out,  and  the  yellow 
•oldur  will  be  again  reftored,  thus  dearly  fttow- 


Ing  that  the  blue  powder  Is  the  fub-oxyd  of 
this  metal. 

The  yellow  oxyd  even  if  diftilled  repeatedly 
to  drynefs  with  nitric  acid,  undergoes  no  ap- 
parent alteration,  It  is  entirely  infoluble  in 
water,  but  if  rubbed  in  a mortar  with  this  fluid 
It  forms  a yellow  emulfion,  which  pafles  turbid 
through  the  pores  of  filtering  paper,  and  re- 
quires very  long  reft  before  it  becomes  clear. 
This  yellow  fluid  has  no  tafte,  nor  does  it  at 
all  redden  litmus  or  other  blue  vegetable  fub- 
ftances  ; it  may  therefore  be  queftioned  how  far 
it  has  a title  to  Its  ufual  appellation,  tunftic 
acid,  (the  tunftic  acid  of  Scheele  being  a very 
different  fubftance,  as  we  ftiall  fhow  prefently), 
as,  however  it  unites  with  the  alkalies,  and  dif- 
lodges  carbonic  acid  from  fome  of  its  combina- 
tions, it  may  without  Impropriety  be  confidered 
as  at  leaft  a£Hng  the  part  of  an  acid. 

The  yellow  oxyd  is  entirely  infoluble  in  the 
fulphuric,  nitric,  or  muriatic  acidsj  by  digeftion 
with  acetous  acid  it  is  converted  into  the  blue 
oxyd,  but  is  not  diffolved.  Cauftic  potafh  ei- 
ther in  the  dry  or  moift  way  combines  with  the 
yellow  oxyd,  forming  a fait  with  excefs  of 
alkali,  readily  foluble  in  water,  from  which  by 
evaporation  may  be  obtained  a glittering  powder, 
but  without  any  appearance  or  regular  cryftal- 
lizatlon.  Timjlat  of  Potafh  thus  obtained  has  a 
fomewhat  cauftic  metallic  tafte,  is  deliquefeent 
in  a moift  air,  and  is  eafily  foluble  in  water. 
When  fuperfaturated  with  nitric  acid  a white 
precipitate  falls  down,  which,  when  wafhed 
with  cold  water  and  dried,  prefents  the  follow- 
ing properties s.  It  is  acid  to  the  tafte,  co- 
lours litmus  red,  and  is  foluble  in  about  20 
parts  of  boiling  water.  I'he  folution  when 
mixed  with  lime  water,  and  boiled,  depofits  a 
heavy  white  powder  which  appears  to  be  tun- 
ftat of  lime.  When  faturated  with  an  alkali 
it  yields  by  evaporation  a cryftalline  fait.  When 
boiled  with  filings  of  zinc,  tin,  or  iron,  the  li- 
quor becomes  of  a deep  blue,  and  depofits  a 
precipitate  of  the  fame  colour.  Nitric  or  mu- 
riatic acid  when  boiled  on  the  above  mentioned 
w'hite  precipitate,^  change  its  colour  to  yellow, 
as  fulphuric  acid  docs  to  blue.  From  the  above 
properties  it  was  confidered  by  Scheele  as  the 
pure  acid  of  tungften,  but  later  experiments 
have  proved  that  this  was  a miftakc,  it  being  a 
triple  fait  compofed  of  oxyd  of  tungften,  potalh, 
and  nitric  acid.  The  compofition  of  this  fait  is 
fatlsfaftorily  Ihewn  by  an  experiment  of  the 
Elhuyars. 
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To  a folution  of  it  in  water  was  added  lime- 
water  as  long  as  any  precipitation  enfued  : the 
precipitate  being  wafhed  and  dried,  was  found 
to  be  pure  tunftat  of  lime : the  refidual  liquor 
being  then  evaporated,  afforded  on  cooling, 
cryftals  of  nitre. 

T unftat  of  potafh  is  decompofable  by  every 
other  acid  as  well  as  by  the  nitric,  and  the  white 
precipitate  is  in  all  thefe  cafes  a triple  fait,  com- 
pofed  of  potafh,  oxyd  of  tungften,  and  the  pre- 
cipitating acid. 

If  the  yellow  oxyd  of  tungften  is  digefted 
with  carbonated  inltead  of  cauftic  potalh,  an 
effervefcence  is  produced  by  the  difengagement 
of  carbonic  acid,  and  the  refulting  tunftat  of 
potafli  is  the  fame  as  that  already  defcribed. 

Tunftat  of  foda  is  produced  by  digefting  the 
yellow  oxyd  with  cauftic  or  carbonated  foda,  and 
evaporating  the  liquor,  which  depofits  the  fait  in 
queftion  in  the  form  of  lengthened  hexahedral 
plates.  The  tafte  of  this  fait  is  acrid  and  metal- 
lic-, it  changes  the  colour  of  red  vegetable  infu- 
fions  as  the  alkalies  do : It  is  foluble  in  four 
times  its  weight  of  cold,  and  in  twice  its  weight 
of  boiling  w'-ater:  it  is  decompofable  by  the  acids 
forming  with  them  triple  falts  analogous  to  thofe 
of  tunftat  of  potafli : the  phofphoric  acid  how- 
ever occafions  no  precipitate,  forming  with  it  a 
very  foluble  triple  fait,  which  Is  not  decompofed 
even  by  fulphuric  acid. 

Tunftat  of  foda  is  not  rendered  turbid  by  the 
fulphats  either  of  potafh  or  of  magnefia ; but 
alum  and  the  muriats  of  lime  and  barytes  throw 
down  a white  precipitate : alkaline  pruffiat  of  pot- 
afti  occafions  no  turbidnefs  in  this  fait,  but  on  the 
addition  of  a little  muriatic  acid  a brown  preci- 
pitate falls  down,  which  is  foluble  in  a large 
proportion  of  water.  Neither  the  fulphuret  of 
ammonia,  nor  folutions  of  oxyd  of  arfenic  or 
corrofive  muriat  of  mercury  occafion  any  pre- 
cipitate j the  latter  fubftance  however  changes 
the  colour  of  the  folution  to  yellow.  With 
fulphat  of  iron  there  is  formed  a brown  pre- 
cipitate, which  by  digeftion  in  muriatic  acid  is 
decompofed,  the  oxyd  of  iron  being  taken  up, 
and  yellow  oxyd  of  tungften  remaining  behind. 
Tiadture  of  galls,  when  mixed  with  tunftat  of 
foda,  occafions  an  abundant  flocculent  precipi- 
tate ftraw  of  a pale  colour. 

Ammonia  combines  readily  with  the  yellow 
oxyd,  forming  tunfat  of  ammonia\  which  cryf- 
tallizes  from  its  folution,  by  evaporation  and 
cooling,  in  the  form  of  ftiining  plates  like  boracic 
acid,  or  in  flender  tetrahedral  prifms.  Its  co- 
lour is  very  pale  yellowiflr  brown.  It  has  a 
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metallic  tafte,  Is  foluble  in  water,  is  not  deli- 
quefcent,  and  exhibits  with  the  various  reagents  , 
analogous  properties  to  thofe  of  the  preceding 
falts.  By  a red  heat  the  ammonia  js  totally  de- 
compofed ; leaving  the  tungften  behind  in  the 
ftate  of  yelIcKv  or  blue  oxyd,  according  as  the 
procefs  has  been  performed  in  an  open  crucible 
or  in  a retort. 

The  only  ufe  that  has  hitherto  been  fug- 
gefted  of  tungften  In  any  form,  is  as  a mordant. 
The  triple  acidulous  tunftat  when  digefted,  ac- 
cording to  Morveau,**  with  the  red  juices  of 
fruits,  and  with  infufions  of  turmeric  and  tour- 
nefol,  forms  with  them  coloured  lakes  of  re- 
markable fixity,  and  hence  may  be  of  confider- 
able  ufe  In  the  arts.  Thefe  experiments,  how- 
ever, on  repetition  in  this  country,  have  not 
been  attended  with  the  fuccefs  that  would  na- 
turally be  expended  from  the  reprefentations  in 
the  memoir  referred  to. 

TURBITH  MINERAL.  See  Mercury. 
TURF.  See  Peat. 

TURMERIC.  Terra  Merita.  ( Curcume^ 
longa,  Linn.) 

The  root  of  the  turmeric,  which  is  cultivated 
largely  in  the  Eaft  Indies,  confifts  of  a large 
oval  bulb,  from  which  fpring  two  or  three  tor- 
tuous procefl'es  three  or  four  inches  long.  This 
root  is  of  a dulky  brown  externally,  and  of  a 
deep  orange  yellow  within,  of  a fbmewhat  fra- 
grant fmell,  and  a bitterifti  aromatic  tafte.  The 
yellow  colour  is  extrafted  eafily,  both  by  water 
and  alcohol,  and  is  fometimes  ufed  in  dyeing, 
but  the  dye  is  extremely  fugitive,  and  cannot  be 
fixed  on  cloth  by  any  known  mordant,  which  is 
a lofs  to  the  dyer  as  there  is  no  vegetable  fub- 
ftance that  gives  fuch  a rich  orange  yellow. 
When  employed  in  dyeing  it  is  chiefly  to  give 
a finiftiing  glofs  tQ  the  more  folid  colours, 
which  foon  fades.  The  yellow  of  tumeric  is 
rendered  fomewhat  paler  by  acids,  but  is 
changed  to  a brick-red  by  the  alkalies  and  alka- 
line earths,  and  it  is  the  latter  property  that 
renders  it  of  ufe  to  the  chemift,  as  its  fenfibi- 
llty  to  alkaline  tofts  is  fo  great  as  to  indicate  a 
fmaller  quantity  of  thefe  fubftances  than  can  be 
done  by  any  other  method,  and  hence  the  exa£l 
point  of  faturation  may  be  hit,  which  is  of  im- 
portance in  many  experiments  of  refearch.  To 
apply  it,  either  a fpirituous  tincture  or  a watery 
infufion  may  be  ufed,  'or  more  fimply,  a frefh- 
cut  furface  of  the  entire  root  may  be  wetted 
with  diftilled  water,  and  by  being  rubbed  on 
white  paper,  a very  vifible  yelldW  mark  will  be 
made,  on  whieJr  a drop  of  the  liquor  to  be 
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^^ramin^d  may  be  dropped.  When  tlie  quantify 
of  alkali  is  very  fmall,  it  requires  a few  minutes 
to  produce  the  full  change. 

Tumeric  is  uled  largely  in  the  Eaft  as  a con- 
diment to  food,  and  in  particular,  it  is  the  lub- 
flance  that  gives  the  colour  to  curry. 

TURNSOLE.  See  Litmus. 

TURPENTINE,  and  other  refmotts  produEls 
tf  the  Pine. 

Under  this  head  we  fliall  deferibe  the  me- 
thods of  procuring  and  preparing  a variety  of 
very  Important  articles'"  of  commerce,  fuch  as 
turpentine,  refin,  pitch,  tar,  &c.  which  are  em- 
ployed fo  extenfively  in  fliip-building  and  rig- 
ging, in  varnifhes,  and  many  other  purpofes  of 
inferior  interelL 

All  thefe  are  the  prndu£Is  of  one  or  other 
fpecies  of  pine,  and  fometimes  the  fame  fub- 
ftance  is  yielded  by  different  fpecies,  as  all  the 
varieties  of  the  native  refin,  or  turpentine,  have 
2 very  great  refemblance  in  chemical  properties. 

There  are  three  varieties  of  pine  turpentine, 
commonly  known  under  tlrat  name  in  Europe; 
Tiamely,  ift.  the  common  turpentine,  obtained 
chiefly  from  the  Plnus  Sylvejlns  (Scotch  Fir), 
id.  the  Strasburgh  turpentine  yielded  by  the 
Pinus  Picea  (Silver  Fir)  and  3d.  the  Venice  tur- 
pentine procured  from  the  Pinus  Larix  (Larch). 
To  thefe  may  be  added  two  liquid  turpentines. 
4th.  the  Carpathian  or  Hungary  Balfam,  which 
exfudes  from  the  Pinus  Cembra  (Siberian  Stone 
Pine).  -5th.  the  Canada  Balfam,  the  refinous 
juice  of  the  Pinus  Balfamea  (Balm  of  Gilead 
Fir).  The  fine  fragrant  Chio  turpentine  is  not 
procured  from  a pine,  but  from  a low  fhrub 
^the  Pijiacia  Lentifeus)  which  will  be  deferibed 
in  the  next  article. 

Of  the  three  firfl-mentioned  turpentines,  the 
Venice  is  the  thinneft  and  moft  aromatic,  the 
Strajburg  the  next  in  thefe  qualities,  and  the 
Common  is  the  firmeft  and  coarfell.  The  two 
former  are  often  adulterated  by  a mixture  of 
the  common  turpentine  and  oil  of  turpentine, 
and  it  is  to  be  obferved  that  the  terms  Venice 
and  Strafburg  turpentine  are  not  now  appropri- 
ate, as  they  are  procured  from  various  coun- 
tries. 

Common  turpentine  is  obtained  largely  in 
the  pine  forefts  in  the  fouth  of  France,  in 
Switzerland,  in  the  countries  on  the  north  of 
the  Pyrenees,  in  Germany,  and  in  many  of  the 
fouthern  ftates  of  North  America.  The  greater 
part  of  what  is  confumed  in  this  country  is  im- 
ported from  Nortli  America.  The  method  of 


obtal  ing  it  is  by  making  a feries  of  incifioni 
through  the  bark  of  the  tree,  from  which  the 
turpentine  exfudes,  and  falls  down  into  hole* 
or  other  reeeptacles  at  the  foot.  The  procef* 
Is  deferibed  very  accurately  by  Duhamel  and 
Moringlane  as  praclifed  in  the  fouth  of  Franee. 

The  fir  is  generally  allowed  to  remain  un- 
touched till  it  is  thirty  or  forty  years  old. 
When  it  is  to  be  worked,  which  is  early  in  the 
fpring,  a fmall  hole  is  firft  made  in  the  ground 
at  the  foot  of  the  tree,  the  earth  of  which  is 
well  rammed,  and  ferves  as  a receptacle  for  the 
juice.  The  coarfe  bark  is  then  ftripped  off 
from  the  tree,  a little  above  the  hole  down  to 
the  fmooth  inner  bark,  after  which  a portion 
of  the  inner  bark  together  with  a little  of  the 
wood  is  cut  out  with  a very  fliarp  tool,  fo  that 
there  may  be  a wound  in  the  tree  about  three 
inches  fquare,  and  an  inch  deep.  Immediately 
afterwards  the  turpentine  begins  to  exfude  in 
very  tranfparent  drops,  which  efcape  chiefly 
from  the  wood  immediately  under  the  inner 
bark.  The  hotter  the  weather  is,  the  greater 
is  the  fupply  of  refin,  and  to  facilitate  the  fup- 
ply  the  incifions  are  enlarged  every  three  or 
four  days  by  cutting  off  thin  flices,  till  at  the 
end  of  the  year  it  is  about  a foot  and  a half 
wide  and  two  or  three  inches  deep.  The  whole 
time  during  which  the  turpentine  flows  is  from 
the  end  of  February  to  0£Iober.  In  the  winter 
it  entirely  ceafes,  but  in  the  enfuing  fpring  a 
freflr  incifion  is  begun  a little  above  the  former, 
and  managed  in  the  fame  manner.  This  prac- 
tice is  continued  annually  for  about  twelve  or 
fifteen  years  in  fome  parts,  and  in  others  a 
fhorter  time,  on  the  fame  fide  of  the  tree,  till 
the  later  incifions  are  fo  high  as  to  be  out  of 
reach  without  the  affiftance  of  fteps ; after 
which  the  contrary  fide  of  the  tree  is  begun 
upon,  and  worked  in  a fimilar  manner  for  as 
many  years,  during  which  time  the  firfl  incifi- 
ons are  grown  up,  and  are  fit  to  be  cut  afrefli. 
In  this  way,  a healthy  tree  in  a favourable  foil, 
may  be  made  to  yield  from  fix  to  twelve  or 
more  pounds  of  turpentine  annually,  fometime* 
for  a century,  and  even  the  timber  is  not  foon 
Injured  by  this  conflant  drain. 

The  flow  of  turpentine  difeontinues  altoge- 
ther about  O£l:ober,  and  the  liquid  refin  col- 
le£l:ed  during  the  year  from  each  tree,  is  put 
together  for  further  purification.  But  a confi- 
derable  quantity  of  the  refin  has  concreted  dur- 
ing that  time  around  the  incifion,  particularly 
as  the  heat  declines  ; and  in  the  winter  when  it 


» Dr.  Matons  Supplement  to  Lambert  on  the  Genoa  Pinus.  Moringlane  in  the  Journ,  dc  Phyt.  tom.- 31. 
Murraj't  Apparatus  Mcdieam,  Di<H.  4’Hilh  Mat,  Article  Govanon,  See,  See, 


T U R 


T U R 


( 449  ) 


Jias  hardened  confiderahly  it  is  fcraped  ofF,  ami 
forms  what  is  technically  called  Barras,  or  in 
fome  provinces  Galipot,  which  differs  from  the 
more  liquid  turpentine  in  conCftence,  and  pro- 
bably contains  a lefs  proportion  of  eflential  oil. 
The  galipot  is  much  ufed  in  making  flambeaux 
when  mixed  with  fuet,  but  the  greater  part  of 
it,  as  well  as  the  liquid  turpentine,  is  fubje£led 
to  further  procefles. 

Thefe  we  fhall  refume  when  we  have  de- 
fcribed  the  method  of  obtaining  the  other  kinds 
of  turpentine,  which  however,  is  fo  very  fimilar 
that  a few  words  will  fuffice. 

The  Strajhurgh  Turpetitine,  the  produce  _of 
the  filver  fir,  is  the  moll  fragrant  of  all  the 
pine  turpentines,  and  only  inferior  to  the  true 
Chio,  but  it  is  not  often  feen  in  the  fhops.  It 
is  obtained  by  rude  incifion  of  the  bark  by  the 
peafants  in  the  vaft  pine  forefts  on  the  weftern 
Alps.  The  firft  cut  is  made  as  high  as  the 
hatchet  will  reach,  and  thefe  are  renewed  an- 
nually from  above  downwards  to  within  a foot 
of  the  ground.  But  the  fineft  kind  of  turpen- 
tine yielded  by  this  tree,  is  that  which  exfudes 
from  foft  tubercles  or  fwellings  of  the  inner 
bark.  The  peafants  carry  with  them  a large 
cow’s  horn,  with  the  point  of  which  they 
pierce  thefe  tubercles,  and  colle£l  the  juice  in 
its  hollow.  Only  a few  drops  are  yielded  from 
each  tubercle,  fo  that  this  turpentine  is  rare  and 
bears  a higher  price.  It  is  called  technically 
Bigoin  or  Oil  of  Pine,  and  when  thickened  by 
expofure  to  the  air,  it  remains  clear  like  maf- 
tich,  whereas  the  turpentine  obtained  from  the 
fame  tree  by  incifion  of  the  bark  becomes 
white  and  opake  by  age. 

The  true  Venice  turpentine,  or  refin  of  the 
Larch,  is  obtained  from  the  Tyrol  and  Savoy, 
and  alfo  from  Dauphiny,  by  boring  holes  about 
an  inch  in  diameter,  with  a gentle  defcent,  in 
the  moll;  knotty  parts  of  the  tree.  To  thefe 
are  adapted  long  perforated  pegs,  which  ferve 
as  gutters  to  convey  the  juice  into  troughs 
placed  beneath.  It  is  yielded  during  the  whole 
of  the  fummer,  and  is  fimply  purified  by 
{training  through  hair  fieves.  A full-grown 
larch  will  fometimes  yield  feven  or  eight 
pounds  of  turpentine  annually  for  forty  or  fifty 
years. 

Much  of  the  Venice  turpentine  of  the  fhops 
is  brought  from  America,  and  it  is  doubtful 
from  what  tree  it  is  procured.  This  turpentine 
hardly  becomes  folid  by  any  length  of  keeping. 

The  Carpathian,  or  Hungary  Balfam,  is  ob- 
tained from  the  Stone  Pine  in  Hungary  and 
the  Tyrol,  either  by  breaking  off  the  twigs  of 
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the  tree,  and  collecling  in  a glafs  the  fine  refin 
that  exfudes;  or  by  boiling  the  ends  of  the 
frefli  boughs  in  water,  when  the  balfam  rifes  to 
the  top.  The  former  method  yields  by  far  the 
bell.  This  is  a whitilh,  pellucid,  and  very  fluid 
turpentine,  which  does  not  harden  by  keeping. 

The  Canada  Balfam  is  a tranfparent  whitifti 
juice,  of  the  confillence  of  Copaiva  balfam,  and 
of  a very  fragrant  fraell  and  bitterifli  tafte,  ob- 
tained from  the  Balm  of  Gilead  Fir,  and  im- 
ported from  Canada,  but  the  mode  of  colledlioij 
is  not  well  known. 

To  return  to  the  various  operations  per- 
formed upon  the  common  turpentine,  which  as 
above  mentioned  is  obtained  in  two  degrees  of 
liquidity,  the  moll  fluid  being  called  properly 
turpentine,  and  the  leall  fluid  having  the  name 
of  barras  or  galipot  in  the  South  of  France, 
whence  it  is  procured. 

The  turpentine  contains  a number  of  impu- 
rities entangled  in  its  fubftance,  from  which  it 
is  purified  in  two  methods.  One  of  them  is 
to  inclufe  it  in  a calk  perforated  at  bottom,  and 
by  expofure  to  a hot  fun  it  becomes  fo  fluid  as 
to  filter  through,  which  gives  the  fineft  and 
moft  valued  turpentine.  The  other  method  is 
to  heat  it  moderately  in  a large  copper,  till  it  is 
quite  liquid,  and  then  to  filter  it  through  a 
ftrainer  made  of  rows  of  ftraws  laid  clofe  to 
each  other.  This  gives  it  a golden  colour. 

The  harder  turpentine,  or  Barras,  is  alfo 
purified  in  the  latter  mode,  but  inftead  of  being 
merely  liquefied  in  the  copper,  the  heat  is  con- 
tinued for  fome  time,  till  part  of  the  eflential 
oil  is  fo  far  diffipated  that  a little  of  it  cooled 
on  a piece  of  wood  may  be  crufhed  to  powder 
by  the  fingers.  It  is  then  {trained  through 
ftraw  while  hot,  and  the  pure  refin  on  cooling 
hardens  into  a yellow  opake  mafs  which  is 
called  Brai-fec  or  Rafe.  This  is  fometimes  fold 
as  Burgundy  pitch,  which  however  appears  to  be 
properly  the  produdl  of  another  fpecies  of  pine, 
as  we  fhall  prefently  mention.  This  opake 
yellow  brown  refin  is  rendered  tranfparent,  and 
of  a fine  clear  amber  yellow,  by  mixing  it  when 
melted  with  about  an  eighth  of  boiling  water, 
and  ftirring  it  inceflantly  for  a confiderable  time 
till  the  water  is  cold.  The  refin  is  then  call 
into  moulds  and  cooled. 

EJfential  Oil  of  Turpentine.  This  valuable  oil 
Is  prepared  largely,  both  in  the  countries  where 
the  turpentine  is  extracted,  and  from  turpentine 
imported  Into  this  country.  The  procefs  is  the 
following : an  alembic  with  a worm  and  cooler, 
is  ufed,  precifely  of  the  fame  conftrudlion  as 
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■what  is  employed  for  the  diftillation  of  fpi- 
rits;  this  is  filled  with  turpentine  and  water 
in  due  proportions,  and  the  volatile  part  after 
diftillation  is  found  to  confift  of  oil  of  tur- 
pentine fwimming  on  water.  This  oil  is  per- 
feftly  limpid  and  colourlefs,  has  a very  ftrong 
fmell,  a bitterlfli  tafte,  is  extremely  inflamma- 
ble, and  in  Ihort  poflTelTes  all  the  properties  of 
the  other  eflential  oils.  It  is  employed  in  im- 
menfe  quantities  in  a variety  of  varniflies  and 
fimilar  preparations,  but  for  the  finer  purpofes 
fuch  (for  example)  as  that  of  diflTolving  gum 
copal,  it  is  neceflary  to  re£lify  it  by  a fecond 
dillillation  with  water  in  a ftill,  ufing  a very 
gentle  heat,  and  keeping  apart  the  firll  produdf 
which  is  the  beft.  • From  250  lbs.  of  - good  tur- 
pentine about  60  lbs.  of  oil  may  be  obtained. 

Common  Rofin.  ITellow  Rojm.  Colophony.  The 
refidue  from  the  diftillation  of  the  oil  of  tur- 
pentine, is  an  opake,  brittle,  light  yellow  mafs, 
much  lefs  clammy  and  cohefive  than  infpilTated 
turpentine,  and  requiring  a greater  heat  for 
fufion  : it  is  the  common  refin  or  rofin  of  the 
(hops.  It  is  alfo  called  by  the  French  Brai-fec, 
as  well  as  the  \oo\\t^  gal'pot  or  harder  turpentine, 
but  the  latter  is  more  efteemed  as  it  ftill  con- 
tains a good  deal  of  eflential  oil,  and  is  fitter 
for  moft  of  the  purpofes  for  which  the  terebin- 
thinate  fubftances  are  employed.  When  com- 
mon rofin  is  boiled  with  water  for  a time,  it 
becomes  yellow  and  tranfparent,  and  is  then 
the  rofin  ufed  by  muficians  to  rub  the  bows 
and  firings  of  violins.  When  common  rofin  is 
kept  in  fufion  for  a confiderable  time,  it  be- 
comes of  a browner  colour,  is  ftill  harder  and 
lefs  adhefive  to  the  fingers  when  cold,  and  is 
then  called  Black  Rcjtn  or  Colophony,  and  this  is 
the  ultimate  point  to  which  the  infpilTation  of 
turpentine  is  carried. 

There  are  other  lefs  important  varieties  in 
the  produiTs  of  common  turpentine,  which  it  is 
needlefs  to  defcribe. 

A very  fine  eflTential  oil  is  prepared  in  fome 
parts  of  Germany,  by  diftillation  of  the  green 
tops  and  cones  of  the  Stone  Pine  {Pinus  Cem- 
Ira)  which  is  known  in  medicine  by  the  name 
of  Oleum  Templhium,  or  popularly,  Krumholzoel, 
and  is  an  approved  remedy  for  a number  of 
complaints.  It  is  fomewhat  greenifh,  or  fome- 
times  of  a golden  yellow,  very  fragrant  and 
aromatic.  ^ 

The  true  Bur-gundy  Pitch  is  a brittle  opake 
light-yellow  or  fometimes  reddifti-brown  refin, 
of  a fine  terebinthinate  fmell  and  tafte,  which 
is  chiefly  imported  from  Saxony,  and  is  col- 


Ie£l:ed  in  quantity  in  the  neighbourheod  of 
Neufchatel  from  the  Norway  Spruce  Fir. 

Incifions  are  made  in  the  ufual  manner,  and 
the  furface  of  the  wood  laid  bare,  which  is 
foon  covered  with  a turpentine,  lefs  liquid  than 
the  common  fort,  and  which  therefore  foon 
concretes  on  the  incifion  without  flowing 
down.  This  is  picked  olf,  and  when  a fufficient 
quantity  is  colle£ted  it  is  put  with  water  into 
large  boilers,  melted,  and  then  {trained  under 
a prefs,  through  clofe  cloths  into  barrels,  in 
which  it  is  tranfported  for  fale.  Burgundy 
pitch  is  of  fuch  a confiftence  that  it  will  barely 
foften  by  the  heat  of  the  human  body,  and  is 
much  ufed  in  plafters.  It  is  often  adulterated 
(as  is  fuppofed)  by  a mixture  of  rofin  and  tur- 
pentine. 

Burgundy  Pitch  is  alfo  obtained  from  the 
Larch. 

The  fubftance  commonly  called  Franklncen/cf 
{Thus)  is  a folid  brittle  refin  in  fmall  roundilh 
maffes  of  a brownifh  yellow  on  the  outfide,  and 
white  internally.  It  poflefTes  the  common  pro- 
perties of  the  turpentines,  and  has  a very  plea- 
fant  fmell  when  burned.  It  is  fuppofed  to  ex- 
fude  fpontaneoufly  (and  not  by  incifion)  from 
the  Norway  Spruce,  and  to  undergo  no  prepar- 
ation. 

All  the  terebinthinate  fubftances  above  de- 
fcribed  are  either  nearly  in  the  ftate  in  which 
they  exfude  from  the  tree,  or  are  prepared  by 
heat  with  the  intervention  of  a fuitable  appa- 
ratus. 

There  is  another  product  more  important 
than  any  other,  efpecially  to  a maritime  coun- 
try, which  is  prepared  by  a kind  of  diftillation 
per  defcenfum,  with  no  inconfiderable  (kill,  but 
often  witl'.out  any  other  apparatus  than  the  fub- 
ftance itfeif  that  yields  it,  and  this  is  common 
Tar. 

7a;'.— Goudron,  Fr.  is  a thick  dark  brown 
or  black  refinous  adhefive  juice  melted  by  fire 
from  the  wood  and  roots  of  old  pines  and  fir 
trees,  during  which  procefs  the  wood  itfeif  is 
reduced  to  charcoal. 

Every  part  of  the  tree  which  is  at  all  refiqous 
is  fit  for  obtaining  tar,  b.ut  in  particular  it  is 
the  red  wood  and  the  hard  roots  that  yield  the 
greatefl  quantity  and  the  beft.  As  the  wood 
is  entirely  charred  in  the  procefs,  all  the  fap 
and  other  volatile  parts  muft  be  expelled,  moft 
of  which  mixes  with  the  turpentine,  which 
fvveats  out  and  conftitutes  tar,  and  hence  this 
fubftance  muft  confiderably  vary  in  the  quality 
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•nd  proportion  of  refin,  empyrcumatic  oil  and 
acid  ^*•hich  it  contains,  according  to  the  age  of 
the  tree,  the  foil  on  which  it  grows,  the  part 
feledled,  the  management  of  the  heat.  See. 

The  extra£tion  of  tar  from  pine-trees  is  very 
antient,  being  deferibed  by  Theophraftus,  Diof- 
corides,  and  other  old  authors,  and  the  method 
of  proceeding  was  extremely  fimple.  Very 
large  Hacks  were  made  of  biliets  of  pine  and 
covered  with  turf  to  prevent  the  volatile  parts 
from  being  dillipated.  They  were  then  kindled 
and  fuffered  to  burn  with  a low  fmothered 
flame,  during  which  the  tar  melted  out  by  the 
heat,  flowed  to  the  bottom  of  the  Hack,  and  ran 
out  by  a fmall  channel  cut  for  the  purpofe.  A 
very  large  proportion  of  the  tar  aftually  made 
in  Norway,  and  the  other  Baltic  countries,  is 
prepared  in  this  rude  manner.  The  Hacks  are 
built  upon  tlie  flope  of  a hill,  covered  with 
mofs  and  turf,  kindled,  and  the  tar  that  oozes 
out  is  collefted  and  put  into  barrels. 

But  a more  economical  and  fcientific  method 
is  pra£Ufed  in  France  and  Switzerland,  which  Is 
to  heat  the  wood  in  large  brick  ovens  built  for 
the  purpofe,  whereby  the  wood  is  charred  much 
more  equally,  and  the  tar  is  of  a more  uniform, 
and  probably  a better  quality.  The  following 
is  the  method  of  proceeding  in  the  Valais  : the 
pines  are  previoufly  felled  in  the  preceding  year 
that  the  wood  may  be  dry  enough  when  wanted, 
and  the  outer  bark  and  twigs  being  Hripped  olF, 
the  reH  of  the  tree  is  cut  up  into  billets  of  tole- 
rably equal  fize.  The  oven  is  built  of  Hone 
or  brick  in  the  form  of  an  egg  Handing  on  its 
fmall  end.  The  floor  is  made  either  of  a Angle 
Hone  fcooped  out  into  a hollow,  or  of  feveral 
joined  very  accurately.  On  one  fide  of  it,  about 
five  inches  above  the  loweH  part,  is  a hole  in 
Y-^hich  a large  gun-barrel  is  thruH,  which  ferves 
to  convey  off  the  liquid  tar  as  it  colledts.  A 
large  iron  grate  is  laid  at  the  bottom  of  the 
oven.  The  largeH  of  thefe  ovens  are  about 
ten  feet  high,  and  five  or  fix  feet  in  the  largeH 
diameter.  To  charge  the  oven,  bundles  of 
thefe  billets  are  thrown  in,  and  the  wood  fpread 
as  evenly  as  polfible,  filling  the  interHices  with 
the  chips,  till  it  nearly  reaches  the  top.  The 
•whole  is  then  covered  with  a layer  of  chips, 
and  the  top  of  the  furnace  is  clofed  with  flat 
Hones  heaped  one  upon  the  other,  gradually 
leflening  the  opening,  and  forming  a kind  of 
I vaulted  chimney,  the  mouth  of  which  is  four 
1 or  five  inches  acrofs.  The  dry  chips  at  top 
of  the  furnace  are  then  fet  on  fire,  and  the  heat 
fpreads  downwards  till'the  whole  of  the  charge 
is  judged  to  be  fuflicicntly  kindled.  The  chim- 


ney is  then  entirely  clofed  with  a large  Hone, 
and  wet  earth  is  heaped  on  the  Hones  at  top, 
and  thrown  on  wherever  the  fmoke  burHs  out 
too  Hrongly.  The  melting  now  begins,  the  tar 
falls  down  to  the  bottom,  fills  the  hollow  of  the 
floor  (which  laH  detains  any  bits  of  wood  and 
other  impurities)  and  I'uns  off  through  fhe  gun- 
barrel  into  calks  placed  to  receive  it.  Some 
fkill  is  required  in  managing  the  fire,  which 
muH  fometimes  be  refrefhed  by  letting  in  a 
fmall  draught  of  air  through  fmall  holes  left  for 
the  purpofe  in  the  fides  of  the  kiln.  When  the 
procefs  is  over,  the  wood  is  found  compleatly 
charred,  and  is  taken  out,  and  the  oven  after 
being  cleared  out  is  again  filled.  It  is  found 
that  the  red  wood  and  knots,  which  are  the ' 
richeH  in  refin,  will  yield  about  a fourth  of 
their  ■weight  of  tar,  but  the  general  average  of 
product:  is  about  ro  or  I2  per  cent,  of  the 
weight  of  the  whole  charge.  After  each  pro- 
cefs a quantity  of  lamp-black  is  collected  beneath 
the  Hones  that  form  tlac  vault  of  the  temporary 
chimney. 

This  latter  fubHance  is  alfo  another  product 
from  the  pine,  and  in  the  large  way  is  pro- 
cured by  a different  procefs,  as  deferibed  under 
the  article  Carbon. 

A fubHance  fomewhat  refembling  tar,  called 
Brai-gras,  and  much  ufed  in  the  French  ports 
for  careening  fhips,  is  made  in  the  following 
way.  The  oven  above  deferibed  is  charged 
with  alternate  layers  of  chips  of  green  wood, 
and  billets  of  dry,  and  all  the  refufe  matter  of 
turpentine,  the  Hraw  through  which  it  is  Hrain- 
ed,  and  the  like.  Over  the  whole  is  laid  a 
Hratum  of  brai-fec,  or  rofin,  and  the  gun-barrel 
pipe  is  Hopped  up,  and  not  tapped  till  the  whole 
of  the  wood  is  reduced  to  charcoal.  The  vault 
of  the  oven  is  alfo  covered  more  carefully  after 
the  charge  is  fufliciently  kindled,  and  the  whole 
procefs  is  carried  on  more  flowly.  The  heat 
of  the  fire  melts  the  rofin  at  top,  which  mixes 
with  the  refinous  fap,  and  the  whole  coliedls 
into  a dark  refinous  liquid  at  the  bottom.  When 
fufficiently  cooled  it  is  drawn  off  and  barrelled. 
The  brai-gras  is  of  an  intermediate  confiHence, 
between  tar  and  rofin. 

Pitch.  The  fubHance  called  Pitch  in  this 
country,  is  Amply  tar,  infpiflated  to  the  requifite 
degree  by  boiling. 

It  does  not  appear,  however,  that  the  French 
have  this  precife  preparation,  as  the  fubHance 
called  PoiK  is  made  either  by  melting  together 
due  proportions  of  rofin  with  tar,  or  elfe  by 
filling  a kind  of  oven  with  various  refufe  mat- 
ters from  the  turpentine,  fuch  as  the  Hraw 
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tlirough  which  it  has  drained,  together  with 
the  coarfe  drainings,  chips  of  bark  foaked  in 
turpentine,  the  broken  earth  of  the  moulds  in 
which  the  refin  colle£ts,  &c.  kindling  it  till  all 
the  refin  falls  down  into  a refervoir,  and  con- 
tinuing the  heat  till  it  is  fufficiently  infpiflated. 
This  forms  a hard  black  mafs  called  Poix  dure 
or  Pfgle. 

The  pitch  made  in  this  country  by  boiling 
down  tar  to  the  proper  confidence,  is  now  per- 
formed near  London,  and  in  fome  other  parts, 
in  a dill  with  a worm-tub  attached  to  it,  in  or- 
der to  collect  the  valuable  volatile  produ£fs  of 
the  tar.  The  procefs  is  the  following;*’  the 
barrels  of  tar  being  of  various  confidence,  their 
contents  are  fird  emptied  into  a copper,  and 
gently  heated  and  well  dirred,  to  render  them 
thin  and  uniform.  The  tar  is  then  laded  into 
the  dill,  paffing  through  a fieve  to  keep  out 
chips  of  wood  and  other  impurities. 

When  the  dill  is  properly  luted,  the  fire  is 
kindled  and  kept  up  very  moderate  for  three 
hours,  as  the  tar  is  very  apt  to  boil  up  in  the 
early  part  of  the  procefs.  The  fird  produ61:  that 
didills  over  is  principally  a brown  acid  water, 
mi.xed  however  with  a good  deal  of  oil.  As  the 
procefs  advances,  and  the  heat  is  increafed,  the 
quantity  of  acid  lelTens,  and  that  of  oil  increafes, 
and  towards  the  end  of  the  didillation  the  pro- 
duff  is  chiefly  oil.  The  length  of  the  procefs 
varies  according  to  the  quality  and  hardnefs  of 
the  pitch  required.  In  general  a dill  that  holds 
about  600  gallons  will  work  18  or  20  barrels 
of  tar  in  8 hours,  the  produce  of  which  will  be 
about  10  barrels  of  pitch  (or  22  cwt.),  176 
gallons  of  oil ; and  about  40  gallons  of  acid. 
The  pitch  remains  in  the  dill  for  I2  hours, 
after  which  it  is  barrelled,  and  hardens  as  it 
cools. 

The  oil  and  acid  water  which  didill  over 
do  not  mix,  fo  that  they  may  be  eafily  feparated 
by  decantation.  The  oil  is  a brownifli  inferior 
kind  of  oil  of  turpentine,  which  is  very  ufeful 
in  painting  diips  and  other  coarfe  out-door  work. 
The  acid  is  a very  drong  brownifli  empyreumatic 
acid,  which  appears  very  clofely  to  refemble  the 
pyroligneous  acid  obtained  from  the  didillation 
of  wood  during  its  converfion  to  charcoal,  and 
is  now  employed  pretty  largely  in  compofing 
feveral  of  the  mordant*  in  callico  printing. 


TURPENTINE  [Chk.) 

This  is  a very  fragrant  refin,  obtained  fparlngw 
ly  by  incifion  of  the  bark  of  the  Pijiacia  Tere~ 
binthust  a fmall  tree  growing  in  the  Ifle  of  Chio, 
and  in  many  other  parts  of  the  Levant. 

It  is  a thick  and  tenacious  fubdance,  whitifli, 
nearly  tranfparent,  highly  fragrant,  and  almod 
tadelefs.  It  is  feldom  found  genuine,  the  com- 
mon Chio  turpentine  of  the  drops  being  largely 
adulterated  with  the  finer  forts  of  the  pine  tur- 
pentines. 

TURQUOISE. 

The  colour  of  this  fubdance  is  pale  flcy-blue^ 
paffing  into  indigo-blue  and  pale  apple  green. 
It  occurs  in  mafs  or  difleminated.  Its  fracture 
is  even.  Its  hardnefs  is  nearly  equal  to  that  of 
glafs  *,  it  is  difficultly  frangible.  Sp.  gr.  3.12. 

Before  the  blowpipe  its  colour  changes  to 
greyifh  white,  and  it  becomes  friable,  but  does 
not  melt.  It  is  foluble  in  nitro-muriatic  acid, 
and  the  European  varieties  are  fo  in  nitric  acid; 
this  mendruum  however  has  no  action  on  the 
Perfian  turquoifes.  It  is  compofed,  according 
to  Bullion  La  Grange,  of 

80  Phofphat  of  lime 
8 Carbonat  of  lime 
2 Phofphat  of  iron,  with  a trace 
of  manganefe 
2 Phofphat  of  magnefia 
I Aluraine 
6 Water  and  lofa 

99 

Turquoife  is  generally  confidered  as  folfil 
bone,  or  ivory  penetrated  by  oxyd  of  copper ; 
it  appears,  however,  from  the  above  analyfis, 
that  the  colouring  matter  is  phofphat  of  iron. 
The  oriental  turquoifes  are  found  near  Meched 
in  Perfia,  alfo  in  Mount  Caucafus,  in  Egypt 
and  Arabia.  The  occidental  ones  are  found  in 
Languedoc  in  France,  and  in  Hungary.  Tur- 
quoife was  formerly  in  fome  edimation  for  ring* 
and  other  articles  of  perfonal  ornament,  but  it* 
value  has  greatly  declined  in  modern  times. 
The  colour  of  turquoife  changes  gradually  by 
expofure  to  the  air,  from  blue  to  green  : when  it 
arrives  at  this  date  its  commercial  value  is 
wholly  extinff. 

TUTENAG.  See  Copper,  alloys  of. 


* Original  Communicatiaa. 
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ULTRAMARINE.  Outremire.  Fr. 

This  precious  colour  fo  remarkable  for  its 
beauty  and  durability  is  a pure  deep  fky  blue. 
It  is  capable  of  bearing  a low  red  heat  without 
injury,  and  it  is  not -fenfibly  impaired  by  the' 
action  of  the  air  and  weather.  It  is  the  colour- 
ing matter  of  the  mineral  already  defcribed  un- 
der the  name  Lapis  Lazuli,  and  appears  accord- 
ing to  an  analyfis  by  Klaproth,  to  confill  of 
little  elfe  than  oxyd  of  iron.  The  method  in 
•which  this  pigment  is  feparated  from  the  earthy 
parts  of  the  above  mineral  is  as  follows.  Let 
the  lapis  lazuli  be  heated  juft  to  irednefs,  and 
then  fuddenly  quenched  in  cold  water,  and  let 
this  be  repeated  two  or  three  times  till  the 
flone  becomes  almoft  friable ; then  let  it  be 
ground  down  with  a few  drops  of  water  in  a 
clean  iron  mortar,  or  ftill  better,  in  an  agate 
one  till  it  is  reduced  to  a perfefUy  impalpable 
powder.  Then  take  one  pint  of  linfeed  oil, 
warm  it  over  the  fire  in  a clean  veftel,  and  add 
one  pound  of  bees-wax,  one  pound  of  turpen- 
tine, half  a pound  of  rofin,  and  half  a pound  of 
gum  maftich : keep  the  ingredients  over  the  fire, 
with  conftant  ftirring  till  they  are  melted  and 
thoroughly  incorporated  together ; the  refult 
will  be  a tenacious  adhefive  mafs.  Of  this  take 
any  quantity,  6 oz.  for  example,  melt  it  and 
pour  it  into  a warm  clean  mortar ; then  fprinkle 
upon  it  3 oz.  of  pulverized  lapis  lazuli,  and  in- 
corporate it  thoroughly  by  long  beating  with 
the  peftle  ; this  being  done  pour  in  fome  warm 
water,  and  again  work  it  about  in  the  fame 
manner  as  before:  in  a ftiort  time  the  water 
will  become  charged  with  the  blue  colouring 
matter;  it  muft  then  be  poured  into  a clean  tall 
glafs,  and  replaced  by  frefh,  proceeding  in  this 
manner  till  the  pafte  will  give  out  no  more 
colour  on  the  addition  of  frefli  water.  By 
ftanding  a few  days  the  colour  will  fubfide 
from  the  water  in  which  it  was  fufpended;  the 
clear  fluid  being  then  decanted  off,  and  the  reft 
got  rid  of  by  evaporation,  there  will  remain  a 
deep-blue  powder  which  is  ultramarine. 

UMBER. 

There  are  two  kinds  of  umber,  the  one 
called  Cologne  Uniher,  i*  a variety  of  peat  or  of 
earthy  brown  coal.  There  are  large  beds  of  it 
wrought  in  the  neighbourhood  of  Cologne, 
principally  as  an  article  of  fuel ; a pretty  confi- 
derable  quantity  is  alfo  imported  into  Holland, 

• Aoalyt.  Eff. 


where  it  Is  ufed  in  the  manufa£l:ure,  or  more 
properly  in  the  adulteration  of  fnuff,  for  which 
purpofe  it  appears  to  be  better  than  the  com- 
mon peat  of  the  country;  a ftill  fmaller  quan- 
tity is  confumed  by  the  paint-makers. 

The  colour  of  this  vegetable  umber  is  a 
warm  fomewhat  pinkilh  brown,  and  is  an  ufcful 
ingredient  to  the  painter  in  water  colours. 

The  fecond  kind  of  umber  goes  by  the  name 
of  Turkiflj  umber^  and  appears  to  be  a variety  of 
the  iron  ore  called  brown  ironftone  ochre'.  A 
fpecimen  from  Cyprus  was  analyfed  by  Klap- 
roth,* and  afforded  him, 

48  Oxyd  of  iron 
20  Oxyd  of  manganefe 
J3  Silex 
5 Alumine 
14  Water 
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URANIUM. 

Uranium  is  a brittle  hard  metal,  of  ex- 
tremely difficult  fufibility.  It  is  foluble  in 
nitro-muriatic  acid,  and  is  precipitable  from  its 
folution  of  a yellow  colour  by  cauftic  alkali, 
and  of  a brownifti-red  by  prufliated  potaffi. 

§ I . Ores. 

Sp.  I.  Black  Uranium.  PecherZy  Worn. 
Pechblendey  Widenm,  &c. 

Its  colour  is  velvet  black  palling  into  iron- 
grey  and  brownilh  black;  it  is  fometimes  fuper- 
ficially  tarnilhed  like  tempered  ftcel.  It  occurs 
in  mafs,  diffeminated,  and  in  fmall  reniform 
pieces.  Internally  it  has  ufually  a gliftening 
femi-metallic  luftre;  its  fradlure  is  imperfe£lly 
conchoidal,  paffing  into  granular  uneven.  It 
fometimes  occurs  in  thick  lamellar  or  granular 
diftindd  concretions.  It  is  moderately  hard, 
paffing  to  foft,  is  brittle  and  eafily  frangible. 
Sp.  gr.  7.5. 

It  is  infufible  per  fe  before  the  blowpipe  ; 
with  foda  or  borax  it  forms  a dull  greyilh  flag, 
and  with  the  alkaline  phofphats  a clear  green 
glafs.  It  is  foluble  in  nitric  acid,  giving  out 
abundance  of  nitrous  gas. 

A fpecimen  from  Bohemia  was  analyfed  by 
Klaproth,  (to  whom  the  difeevery  of  the  new 
metal  which  it  contains  is  owing)  with  the  fol- 
lowing refult. 

vok  ii.  p.  106. 
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86.5  Uranium  in  the  ftate  of  fub-oxyd 
2.5  Black  oxyd  of  iron 
6.  Sulphuret  of  lead 
5.  Silex 

loo.o 


Of  thefe  ingredients  the  two  lafl;  appear  to 
be  only  cafual,  for  in  an  analyfis  by  Lampadius, 
of  a fpecimen  of  this  mineral  from  Saxony, 
there  were  obtained  only  uranium  and  iron  ; 
in  another  there  was  a flight  admixture  of  cop- 
per pyrites. 

It  occurs  in  veins  in  primitive  mountains, 
mixed  with  ores  of  lead  and  filver,  with  copper 
pyrites,  iron  oclore,  and  cobalt.  It  is  found  at 
Joachimfthal  in  Bohemia  ; Johanngeorgenfladt, 
in  Saxony;  and  Kongfberg  in  Norway. 

It  is  diftinguifhable  from  blende,  with  which 
it  was  formerly  confounded,  by  its  fpecific  gra- 
vity, and  fradlure,  as  well  as  chemical  charac- 
ters. 

Sp.  2.  Micaceous  Uranium.  Uran-glimmery 
Wern.  Urane  micace,  Broch. 

Its  ufual  colour  is  grafs  green  of  more  or  lefs 
intenfity,  whence  it  palTes  on  one  hand  to 
greenifh  lilvery  white,  and  on  the  other  to  ful- 
phur  yellow.  It  occurs  fometimes  as  a fuper- 
ficial  cruft  but  more  ufually  cryftallized  in  the 
form  of  reftangular  tables;  thefe  tables  are 
fometimes  fo  thick  in  proportion  to  their  other 
dimenfions  as  to  approach  to  the  cube,  and 
fometimes  two  oppofite  terminal  planes  are  fo 
deeply  bevilled  on  all  their  edges  as  to  give  the 
entire  cryftal  the  appearance  of  a truncated  oc- 
tohedron;  the  cryftals  are  generally  very  fmall, 
and  cellularly  aggregated;  the  terminal  planes 
are  ftriated,  the  lateral  ones  are  fmooth;  the 
external  luftre  is  more  or  lefs  fliining ; the  in- 
ternal is  gliftening  and  pearly ; the  frafture  is 
ftrait  foliated  in  a fingle  dire£l:ion.  It  is  tranf- 
lucent,  foft,  not  brittle,  but  eafily  frangible. 
Sp.gr.  3.12. 

It  is  foluble  in  nitric  acid  without  effervef- 
cence,  and  communicates  to  it  a yellow  colour. 
The  yellow  variety  of  this  mineral  appears  from 
an  aflay  by  Klaproth,  to  be  pure  oxyd  of  ura- 
nium; the  green  varieties  contain  a little  oxyd 
of  copper,  to  which  that  colour  is  owing. 

It  occurs  in  veins  of  ironftone  in  primitive 
mountains,  accompanied  by  the  other  ores  of 
this  metal,  and  fometimes  by  cobalt,  and  arfe- 
niat  of  copper.  It  is  found  at  Carrarach  in 
Cornwall,  Eibenftock  in  Saxony,  Safka  in  the 


Bannat,  and  St.  Symphorien  near  Autun  In 
France. 

Sp.  3.  Ochery  Uranium.  Uranokkir,  Went. 
Ocre  d' Urane.  Broch. 

Its  colour  is  ftravi^-yellow  pafling  into  orange 
and  greenifh  yellow.  It  occurs  fuperficial,  dif- 
feminated,  and  maflive;  it  is  dull  or  flightly 
glimmering ; its  fradture  is  earthy  pafling  into 
fmall  and  imperfedlly  conchoidal.  It  is  opake, 
foft,  fometimes  even  friable  ; is  brittle  and 
meagre  to  the  touch.  Sp.  gr.  — 3 o 

The  yellow  varieties,  according  to  Klaproth, 
are  pure  oxyd  of  uranium,  the  orange  coloured 
contain  a fmall  admixture  of  iron. 

It  occurs  with  the  other  ores  of  uranium. 

5.  2.  AJfay  and  Anal^is. 

^ The  analyfis  of  the  ores  of  uranium  Is  fufK- 
ciently  fimple.  The  only  fubftances  that  have 
hitherto  been  found  in  natural  mixture  or  com- 
bination with  this  metal,  are  lead,  iron,  copper, 
fulphur,  and  filex,  which  may  all  be  feparated 
in  the  following  manner.** 

a.  Let  the  ore  be  digefted  with  moderately 
dilute  nitric  acid,  by  which  the  greater  part  of 
it  will  be  taken  up;  the  refidue  being  wafhed 
and  dried  is  to  be  gently  ignited,  by  which  the 
fulphur  will  be  burnt  off ; what  remains  after 
ignition  is  to  be  digefted  with  dilute  nitric  acid, 
and  the  infoluble  portion  is  flex. 

b.  To  the  nitric  folutionsand  wafhings  mixed 
together,  is  to  be  added  fulphat  of  foda  as  long 
as  any  precipitate  falls  down;  this  when  col- 
!e£Ied  on  a filter,  wafhed  and  dried,  is  fulphat 
of  lead. 

c.  The  remaining  folution  is  to  be  totally 
decompofed  by  cauftic  fixed  alkali,  at  a boiling 
heat,  and  the  powder  thus  obtained  is  to  be 
digefted  in  cauftic  liquid  ammonia  till  the  whole 
of  the  copper  is  taken  up.  The  ammoniacal 
folution  being  then  flightly  fuperfaturated  by 
fulphuric  acid,  the  copper  may  be  obtained 
either  in  the  metallic  ftate  by  means  of  a bar 
of  iron  or  zinc,  or  in  the  ftate  of  brown  oxyd, 
by  boiling  with  cauftic  fixed  alkali. 

d.  The  refidue  of  the  precipitate  c.  after  ex- 
traiftion  of  the  copper,  is  to  be  evaporated  to 
drynefs  two  or  three  times  with  nitric  acid,  and 
is  then  to  be  gently  digefted  in  dilute  nitric  acid, 
which  will  take  up  the  uranium,  leaving  the 
iron  behind  in  the  ftate  of  per-oxyd. 

e.  The  nitrat  of  uranium  being  boiled  with 
cauftic  fixed  alkali  the  whole  of  the  uranium  is 
precipitated  as  pure  yellow  oxyd. 


• Klapr.  Analyt.  Eff.  vol.  i.  p.  476* 
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f 3.  Chemual  and  Ph^cal  Properties, 

The  method  of  obtaining  reguline  uranium, 
according  to  Klaproth,  though  fimple,  is  not 
very  eafy,  on  account  of  the  high  heat  required 
for  this  purpofe;  it  being  greater  than  that  ne- 
ceflary  for  the  redu£i:ion  of  oxyd  of  manganefe; 
50  grs.  of  the  pure  yellow  oxyd  being  made  up 
into  a ball  with  wax  were  placed  in  a clofe 
crucible  lined  with  charcoal,  and  expofed  for 
fome  hours  to  the  moll  intenfe  heat  of  the  Berlin 
porcelain  furnace,  equal  to  i70°Wedg.  There 
was  thus  obtained  a metallic  button  weighing 
28  grs.  of  an  iron-grey  colour  and  metallic 
luftre,  compofed  of  hard  minute  grains,  firmly 
adhering  to  each  other.  Its  fp.  gr.  was:z=8.r. 
Other  attempts  to  reduce  the  yellow  oxyd  by 
the  affiftance  of  borax  and  other  faline  fluxes 
entirely  failed;  the  refult  being  only  a black 
vitreous  fcoria. 

Uranium  is  foluble  with  effervefcence  in  ni- 


tric acid,  nitrous  gas  being  at  the  fame  time 
given  out,  but  the  other  fimple  acids  appear  to 
have  little  or  no  aflion  on  it,  neither  does  it 
appear  to  be  affedfed  by  the  alkalies.  It  is  not 
eafily  oxydized  by  expofure  to  air  and  heat,  at 
leaft  no  change  is  produced  in  it  by  the  blow- 
pipe on  charcoal. 

Uranium  appears  capable  of  two  ftates  of 
oxydation;  the  method  of  procuring  the  yellow 
or  per-oxyd,  we  have  already  mentioned  in  the 
preceding  fe£l:ion.  The  black  or  fub-oxyd  may 
be  procured  by  mixing  the  yellow  oxyd  witn 
oil,  and  then  gently  burning  it  off  on  a tell; 
from  120  grs.  of  yellow  oxyd  treated  thus, 
Klaproth  procured  85  grs.  of  black  oxyd.  This 
latter  differs  from  the  former,  not  only  in  co- 
lour, but  in  its  producing  nitrous  gas  when 
digefted  with  nitric  acid.  The  relative  compo- 
fition  of  the  two  oxyds,  as  deduced  from  the 
above  facets,  is, 


56  metal  -j-  44  oxygen  =r:  100  of  yellow  oxyd, 
79.0  metal  -j"  20.1  oxygen  rz:  100  of  black  oxyd. 


The  yellow  oxyd  Is  readily  foluble  in  acids. 
"When  digeded  with  diluted  fulphuric  acid  it 
readily  diflblves,  and  by  evaporation  and  cool- 
ing depofits  fulphat  of  uranium  in  the  form  of 
fmall  prifmsof  a lemon  yellow  colour.  Dilute 
nitric  acid  diflblves  the  oxyd  of  uranium  with 
facility,  and  the  fait  hence  refulting  cryftallizes 
In  oblong  hexagonal  tables  of  a light  green 
colour.  Muriatic  acid  in  like  manner  takes  up 
this  oxyd  and  cryftallizes  in  the  form  of  rhom- 
boidal  tables,  of  a greenifh  yellow  colour.  Con- 
centrated diftilled  vinegar  takes  up  the  oxyd 
of  uranium  by  digeition,  and  forms  clear 
topaz-yellow  cryftals  in  the  form  of  tetrahedral 
prifms  terminated  by  tetrahedral  pyramids ; 
when  thefe  cryftals  are  very  flowly  ignited,  the 
acid  is  driven  off,  and  nothing  but  the  oxyd 
remains,  without  the  form  of  the  cryftals  being 
injured.  Phofphoric  acid  is  capable  alfo  of  dif- 
folving  this  oxyd  but  the  folution  in  a fliort 
time  becomes  turbid  from  the  precipitation  of  a 
flocculent  fub-phofphat  of  a yellowilh  white 
colour. 

[ All  tire  above  folutions  are  decompofable  by 
j cauftic  alkali,  a lemon  yellow  oxyd  being 
j thrown  down.  Carbonated  alkali  throws  down 
' a yellowilh  white  precipitate  w'hich  is  partly 
1 refoluble  in  an  excefs  of  mild  alkali.  Pruffiat 
of  potalh  throws  down  from  thefe  folutions  a 
copious  brownilh  red  precipitate  refembling 
I kermes  mineral.  Hydrofulphuret  of  ammonia 
occafions  a brownilh  yellow  precipitate;  and 


tinblure  or  infufion  of  galls  a copious  chocolate 
brown  one. 

The  affinity  of  this  oxyd  for  the  acids  is  fo 
confiderable  that  its  falts  are  not  decompofed 
by  the  addition  of  zinc  or  of  any  other  metah 
The  following  vitrefcent  mixtures  were  made 
by  Klaproth,  to  afcertain  the  power  of  this 
oxyd  as  a colouring  fubftance. 

Silex  — — — 2 drachms 

Carb.  potalh  — — i drachm 

Yellow  oxyd  — — 10  grs. 

produced  a clear  light  brown  glafi. 
Silex  — — — 2 drachms 

Carb.  foda  ~ — i drachm 

Yellow  oxyd  — — 10  grs. 

produced  an  opake  blackifli  grey  glafs. 
Silex  — — — 2 drachms 

Glafs  of  borax  — — 2 drachms 

Yellow  oxyd  — — 20  grs. 

produced  a clear  glafs  of  a fmoke-brown  colour. 
Silex  — — — 2 drachms 

Vitreous  phofphoric  acid 

(from  bones)  — 2 drachms 

Yellow  oxyd  — — 20  grs. 

produced  an  opake  apple-green  glafs,  like 
chryfopnife 

Vitreous  phofphoric  acid  2 drachms 

Yellow  oxyd  — — lo  grs,. 

produced  a clear  emerald-green  glafs. 
The  glafs  produced  by  the  two  latter  experi- 
ments was  how'ever  in  fome  degree  delique- 
fcent. 
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The  yehow  oxycl  when  mixed  with  the  com- 
mon enamelling  flux,  tinges  porcelain  of  a deep 
orange  yellow. 

The  alloys  of  uranium  are  as  yet  wholly  un- 
known. 

UREA.  See  Urine. 

UkIC,  or  LIFHIC  ACID.  See  Uri- 
na:  y Calculus. 

URINARY  CALCULUS. 

In  the  bladder  of  many  animals,  and  particu- 
larly of  man,  hard  round  concretions,  llony  in 
appearance,  are  frequently  formed,  which  pro- 
duce mod  dreadful  paroxyfms  of  pain  and 
general  difeafe,  for  which  no  radical  -cure  has 
liitherto  been  difeovered,  except  a very  ferious 
lurgical  operation. 

ihe  done  of  the  bladder  has  been  examined 
with  extreme  attention  by  fevcral  mod  excellent 
chemids,  wdio  have  been  dimulated  by  the  ad- 
ditional hope  of  finding  a folvcnt  which  mleht 
remove  it  altogether,  or  at  lead  mitigate  the 
feverity  of  the  fymptoms  which  it  produces, 
and  it  was  early  difeovered  that  a confiderable 
benefit  was  derived  from  the  internal  ufe  of  al- 
kaline medicines,  taken  in  as  large  quantity  as 
could  be  borne,  and  for  a length  of  time. 

The  fird  and  by  far  the  mod  important  dif- 
covery  relating  to  the  chemical  nature  of  calcu- 
lus, was  made  by  Scheele,  in  1776,“  who  ob- 
tained from  it  a large  proportion  of  a peculiar 
crydallizable  fubdance  till  then  unknown,  which 
had  all  the  properties  of  a very  weak  acid,  par- 
ticularly in  reddening  litmus,  and  neutralizing 
alkaline  and  earthy  bafes.  This  fubdance  was 
afterwards  denominated  the  Litkic  Acid,  and 
more  lately  the  Uric  Acid.  This  difeovery  gave 
a new  intered  to  the  examination  of  calculi, 
and  many  additional  obfervations  have  been 
added  by  other  chemids.  Bergman,  who  was 
employed  on  the  fame  fubjedi;  at  the  fame  time 
with  Scheele,  gave  fome  further  remarks  on  its 
habitude  with  acids.  Dr.  Wolladon*=  has 
fhewn  that  the  gouty  calculus,  or  chalk  Jlotie., 
as  it  is  generally  called,  confids  of  the  lithic 
acid  neutralized  by  foda,  and  has  alfo  added 
largely  to  our  knowledge  of  the  varieties  of 
urinary  calculi,  by  difeovering  that  phofphat  of 
ammonia  and  magnefia  is  the  compofition  of 
one  fpecies  •,  that  pure  phofphat  of  lime  forms 
another  fpecies ; and  that  the  variety  known  to 
furgeons  by  the  name  of  the  mulberry  calculus, 
confids  of  phofphat  and  oxalat  of  lime.*^  Dr. 
Pearfon  in  analyfing  200  fpecimens  of  calculi, 
has  found  the  lithic  acid  of  Scheele  in  all  but 
fix,  in  very  various  proportions,  but  he  confiders 


this  peculiar  fubdance  rather  as  an  animal  oxyd 
than  an  acid.  Brugnatelli  and  other  chemids 
whom  it  is  needlefs  to  enumerate,  have  thrown 
fome  further  light  on  this  fubjedd ; and  ladly, 
a long  and  mod  elaborate  feries  of  experiments 
has  been  made  by  Mellrs.  Fourcroy  and  Vau- 
quelin,  which  gives  the  fulled  and  mod  com- 
prehenfive  view  ot  the  fubjedd.  ** 

From  all  thefe  authorities  we  may  colledd 
the  following  partieulars  : 

The  greater  number  of  urinary  calculi  or 
dones  of  the  bladder,  are  of  a round  or  oval 
diape,  varying  in  fize  from  that  of  a bean  to 
the  bignefs  of  a pullet’s  egg ; brittle,  hard 
enough  to  take  a good  poliih ; when  fawn 
through  obvioully  compofed  of  concentric  lami- 
nae formed  round  a fmall  nucleus;  of  a dull 
yellow  to  a red  gravelly  colour,  often  inter- 
fperfed  with  blcod-red  Ipots ; and  the  fpecific 
gravity  of  even  the  heavied,  does  not  quite 
amount  to  2.  Thefe  are  the  calculi  in  which 
the  lithic  or  uric  acid  enters  as  a condituent 
part,  but  even  in  thefe  there  is  a confiderable 
variety  of  texture  and  appearance,  the  furface 
being  fometimes  fmooth  and  polidied,  fome- 
times  rough,  with  fmall  protuberances,  and  oc- 
cafionally  interfperfed  with  crydals,  which  latter 
are  the  ammoniaco-magnefian  phofphat. 

The  mulberry  calculi,  as  they  are  called,  are 
didinguidied  by  their  mamillated,  and  ufually 
polidied  furface,  refembling  that  of  the  mul- 
berry, and  their  colour  too  is  generally  much 
darker.  Thefe,  as  before  mentioned,  have  been 
found  by  Dr.  Wolladon  to  confid  chiefly  , of 
oxalat  of  lime.  The  analyfis  of  this  and  of  the 
other  rarer  varieties,  will  be  mentioned  after  we 
have  deferibed  the  common  lithic  calculus, 
which  is  particularly  didinguidied  by  its  lamellar 
texture,  its  toughnefs,  and  the  uniform  brown 
yellow  colour  of  the  inner  part,  a good  deal 
refembling  petrified  wood  in  appearance. 

When  this  calculus  is  boiled  for  fome  time 
in  water,  a dilution  is  obtained  holding  about 
8 grains  in  5 oz.  of  liquid,  which  reddens  lit- 
mus paper.'  As  it  grows  cold  the  greateft 
part  of  the  diflblved  portion  of  calculus  feparatef 
again  in  the  form  of  fine  crydals,  which  are  the 
pure  Lithic  or  Uric  acid.  The  muriatic  acid 
has  no  effedb  on  this  calculus.  Concentrated 
fulphuric  acid  dilTolves  it  by  the  afladance  of 
heat.  But  the  mod  charaideridic  elFe£Is  are  thofe 
produced  by  the  nitric  acid.  When  this  acid, 
fomewhat  dilute,  is  boiled  on  the  calculus,  the 
latter  is  entirely  diflblved,  red  vapours  arife,  and 
a good  deal  of  carbonic  acid  gas  is  produced. 


* I'ail. Trauf.  £or  1797.  ' Ibid. for  1798.  * Syftcmc  dc  Conn.  Chem.  tom.  lo.  'Scheele. 
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The  folution  is  acid,  though  more  of  the  calculus 
is  added  than  the  nitric  acid  can  diflblve  ; it  is  of 
an  orange-yellow  colour,  which  reddens  by  eva- 
poration, and  produces  rofe-coloured  fpots  on 
the  fkin  about  half  an  hour  after  *it  has  been 
applied.  This  folution  is  not  precipitated  by 
any  cauftic  alkali,  but  when  an  excefs  of  it  is 
added,  an  alkaline  folution  is  produced,  which 
is  of  a rofe-colour  when  heated,  and  tinges  the 
(kin  equally  with  the  acid  folution. 

Lime  water  decompofes  the  folution,  and 
gives  a white  precipitate,  which  however  Is  not 
uric  acid  or  urat  of  lime,  but  oxalat  of  lime, 
owing  to  the  produdVion  of  fome  oxalic  acid  by 
the  aftlon  of  the  nitric  acid.  This  is  confirmed 
by  the  more  compleat  a£lion  of  the  oxymuriatic 
acid,  for  when  a lithlc  calculus  is  djgefled  on 
this  liquid,  or,  ftill  more  readily,  when  this  acid 
gas  is  pafled  through  water,  holding  the  calculus 
fufpended  in  fine  powder,  the  colour  of  the 
latter  grows  paler,  it  fwells,  foftens,  becomes 
gelatinous  in  appearance,  and  diflblves  almoft 
entirely  with  the  gentle  evolution  of  bubbles  of 
carbonic  acid  gas.  The  uric  acid  is  now  entirely 
lofi,  and  the  folution  contains  muriatic  acid, 
ammonia,  and  the  oxalic  and  malic  acids.  Of 
thefe,  the  two  latter  fubftances  are  entirely 
generated  from  the  uric  acid,  by  means  of  the 
oxymuriatic,  and  the  ammonia  is  either  totally 
produced  by  the  fame  means,  or  partially,  when 
the  calculus  previoufly  contained  a fmall  portion 
of  this  alkali,  which  is  fometimes  the  cafe.  But 
there  can  be  no  doubt  that  part  of  the  volatile 
alkali  that  appears,  is  a£tually  produced  in  this 
inftance,  fince  the  pure  uric  acid  will  yield  it  by 
fire  in  cafes  when  none  of  it  appears  in  treat- 
ment with  the  fixed  alkalies. 

When  this  calculus  is  boiled  with  the  carbo- 
nated alkalies,  little  if  any  efFecl  is  produced, 
but  the  caudic  fixed  alkalies  diflblve  it  readily, 
even  in  the  cold,  when  there  is  an  excefs  of  the 
alkali.  This  folution  is  yellow,  taftes  fweetlfh, 
and  alkaline,  but  when  neutralized,  the  alkaline 
urat  cryftallizes.  Liquid  ammonia  alfo  dif- 
folves  the  calculus,  though  with  difficulty. 
Lime-water  has  the  fame  effeft,  and  the  cauftic 
tafte  of  the  lime  difappears.  In  all  thefe  cafes 
a true  neutral  fait  is  produced  of  the  uric  acid 
and  the  alkali  or  alkaline  earth  employed,  which 
is  foluble  in  water,  Thefe  folutlons  are  decom- 
pofed  by  every  acid,  even  the  carbonic,  fo  that 
the  uric  acid  has  an  extremely  weak  affinity  with 
the  feveral  bafes.  Thefe  decompofitions  too 
are  much  affifted  by  the  extremely  fparing  folu- 
bility  of  the  uric  acid  alone,  fo  that  as  foon  as 


any  other  acid  is  added  to  the  urat,  the  uric 
acid  is  depofited  in  final!, brilliant,  bulky,  needled 
cryftals,  of  a faint  yellow  or  wood  colour.  This 
is  the  moft  convenient  method  of  procuring  this 
acid  for  examination,  namely,  by  digefting  the 
uric  calculi  in  hot  cauftic  potafh  or  foda,  and 
then  feparating  It  by  muriatic  acid.  Carbonat 
of  ammonia  will  alfo  feparate  the  uric  acid  from 
its  alkaline  folutions,  owing  no  doubt  to  the 
Ample  agency  of  the  carbonic  acid  which  this 
fait  contains  in  fuch  abundance,  its  ammonia 
being  volatilized  in  the  procefs. 

When  a portion  of  this  calculus  is  heated  per 
fe  in  a retort,  an  ammoniacal  watery  liquor  rifes, 
but  no  oil.  This  is  accompanied  by  a brown 
fublimate,  which  may  be  whitened  by  a fecond 
fublimation,  and  is  then  without  fmell,  has  a 
fourlffi  tafte,  is  eafily  foluble  in  boiling  water, 
and  is  fomewhat  different  from  the  uric  acid 
formed  by  precipitation  of  the  alkaline  folution. 
A good  deal  of  carbonic  acid  is  given  out  during 
the  heating  of  the  calculus,  and  a ftrong  fetid 
fmell  like  burnt  horn  is  perceived,  together  with 
an  odour  like  peach-flowers,  which  indicates 
Pruffic  acid. 

The  uric  acid  is  contained  In  fmall  quantity 
in  the  moft  healthy  urine,  s for  if  fome  of  this 
liquid  is  evaporated  it  depofits  a fine  red  powder, 
which  is  foluble  in  alkali,  and  has  all  the  pro- 
perties of  urinary  calculus.  The  red  fediment 
which  fettles  from  the  urine  of  perfons  after  an 
ague  fit,  is  of  the  fame  nature. 

The  uric  acid  therefore,  though  it  has  many 
properties  fimilar  to  the  benzoic,  and  others  re- 
fembling  the  fuccinic,  muft  at  prefent  be  con- 
fidered  as  a diftindt  acid,  which  occurs  only  in 
urine  and  in  moft  kinds  of  urinary  calculi,  and 
is  diftinguiffied  by  its  fparing  folubility  in  water, 
by  its  feparation  in  a cryftalline  form  from  its 
alkaline  folution  by  every  acid,  by  its  folubility 
in  nitric  acid,  and  the  rofe-coloured  tinge  with 
which  it  ftains  the  (kin,  by  the  acid  fublimate 
and  the  ammonia  which  it  gives  when  fublimed, 
and  the  very  fmall  quantity  of  animal  oil  which 
is  produced  under  the  a£Hon  of  fire. 

Urat  of  ammonia  is  often  found  In  urinary 
calculi.  The  prefence  of  amm.onia  as  an  edu£l 
and  not  a produ£l,'\s  afeertained  by  the  pungent 
ammoniacal  fmell  which  Is  given  out  when  this 
calculus  is  digefted  with  a fixed  alkali.  The 
calculi,  of  which  it  forms  the  principal  part,** 
are  generally  fmall,  coffee-coloured,  arranged 
in  thin  roughifh  laminae,  ufually  with  a depofi- 
tion  of  phofphat  of  lime  interpofed,  and  often  in- 
termixed with  ammoniaco-magnefian  phofphat. 

‘ Fourcroy. 
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Urat  of  foda  has  been  found  by  Dr.  Wollaf- 
♦on  to  be  the  compofing  ingredient  of  the  gouty 
chalk-ftones,  or  calculi  depofited  under  the  Ikin, 
chiefly  in  the  neighbourhood  of  the  joints,  and 
whicli  may  be  mentioned  in  this  place.  If  a 
fmall  quantity  of  dilute  fulphuric  acid  is  poured 
on  the  chaik-ftone,  part  of  the  alkali  is  extrafted, 
and  cryftals  of  Glauber’s  fait  may  be  obtained 
from  the  folution.  Muriatic  acid,  in  like  man- 
ner, produces  common  fait.  The  infoluble 
refidue  is  the  uric  acid.  Boiling  water  diflblves 
rather  more  of  the  chalk-flone  than  it  would  do 
of  pure  uric  acid,  and  an  urat  of  foda  cryftallizes 
by  cooling.  If  lithic  acid  be  triturated  with  foda 
and  water,  they  unite,  and  a compound  is  formed, 
which,  wh.en  the  fuperfluous  alkali  has  been 
wafhed  out,  very  clolely  refembles  the  chalk- 
ftone. 

Phofphat  of  Ammonia  with  Magnefia. 

A Ipecies  of  urinary  calculus  exifts,  which 
was  firll  noticed  by  Mr.  Tennant  to  differ  from 
common  calculi  in  being  fufible  under  the  blow- 
pipe into  an  opake  white  glafs,  inftead  of  being 
almoft  totally  confumed  ; whence  this  able  che- 
mift  conje£lured  it  to  be  phofphat  of  Jime,  united 
with  fome  other  phofphoric  fait.  This  conjec- 
ture was  found  to  be  almoft  exaft,  by  the  fubfe- 
quent  analyfis  of  Dr.  Wollafton,  who  afcertained 
its  compofition  to  be  a triple  fait,  compofed  of 
phofphoric  acid,  ammonia,  and  magnefia. 

This  fufible  calculus  is  always  whiter  and 
harder  than  the  common  calculi,  and  generally 
has  the  appearance  of  fparkling  cryftals,  which 
are  fometimes  voided  in  the  form  of  a white 
fand.  The  white  amorphous  calculus  of  this 
fpecies  contains,  befides  the  triple  ammoniaco- 
magnefian  phofphat,  fome  phofphat  of  lime  and 
a little  uric  acid,  but  the  cryftals  are  the  pure 
triple  fait.  Thefe  were  analyfed  by  Dr.  Wol- 
lafton in  the  following  manner  : the  ammonia 
was  firft  driven  off  by  heat,  and  the  cryftals 
were  rendered  opake.  Nitric  acid  then  dilfo.ved 
the  remainder,  and  by  adding  nitrat  of  mercury 
an  infoluble  phofphat  of  mercury  was  formed, 
whence  the  mercury  was  expelled  by  heat,  and 
the  phofphoric  acid  remained  lingle.  Sulphuric 
acid  added  to  the  fupernatant  liquor  produced 
Epfom  fair,  Ihewing  the  prefence  of  magnefia. 
Thefe  cryftals  require  a large  quantity  of  water 
for  folution,  but  difl'olvewith  eafe  in  the  acids. 

Thi“  triple  fait  may  be  readily  produced  by 
adding  ammonia  to  phofphat  of  magnefia,  and 
tJie  form  of  the  artificial  as  well  as  of  the  native 
fait,  is  ufually  a Ihort  three-fided  prifm,  termi- 
nated by  a pyramid  of  three  or  fix  fide*. 

• \Vollaft*n. 


Fourcroy  gives  the  following  diftiniflive  cha- 
rafters  of  this  fait : it  diflblves  readily  in  the 
acids,  more  fo  even  than  phofphat  of  lime; 
dilute  fulphuric  acid  in  particular  forms  a clear 
folution.  ‘Ammonia  only  feparates  fome  fmall 
flocculi  from  tliis  folution,  whereas  it  totally 
precipitates  phofphat  of  lime.  The  cauftic  al- 
kalies feparate  ammonia  from  this  calculus  in 
fcnfible  fumes  ; they  do  not  diflblve  it,  but  take 
up  the  phofphoric  acid  and  leave  the  magnefia 
pure.  By  all  thefe  chemical  properties  this  cal- 
culus may  be  readily  diftinguiflied  in  analyfis. 

Phofphat  of  Lime  Cali  ulus. 

The  furface  of  this  calculus  is  generally  of  a 
pale  brown,'  and  fofmooth  as  to  appear  poliflied. 
When  fawn  through  it  is  found  very  regularly 
laminated,  and  the  laminae  in  general  adhere 
fo  flightly  to  each  other  as  to  feparate  with  eafe 
into  concentric  crufts.  Sometimes  the  laminae 
are  ftriated  in  a direftion  perpendicular  to  the 
furface,  giving  a cryftallized  fibrous  texture. 
This  calculus  diflblves  totally  and  flowly  in 
nitric  or  muriatic  acid,  and  the  muriatic  folu- 
tion cryftallizes  on  evaporation.  I'he  phofphat 
of  lime  is  precipitated  by  ammonia  Before  the 
blowpipe  this  calculus  at  firft  becomes  flightly 
charred,  owing  to  the  burning  of  fome  gelatin 
or  other  uniting  animal  matter  with  which  it  is 
intermixed,  but  it  foon  becomes  perfeftly  white, 
and  at  laft  fufes  into  an  opake  globule.  This 
fufibility  depends  on  the  confiderable  proportion 
of  phofphoric  acid  which  it  contains,  and  in 
this  it  differs  from  the  common  earth  of  bones, 
which  holds  an  excefs  of  lime,  and  is  therefore 
infufible  per  fe. 

Calculus,  with  Oxalat  of  Lime.  Mulberry 
Calculus.^ 

This  calculus  Is  the  hardeft  and  hcavieft 
of  all  thefe  fubftances.  Its  colour  is  gene- 
rally of  a dark  chocolate-brown  externally, 
and  irregularly  grey  within.  Its  furface  is 
covered  with  tubercles  or  rounded  knobs  like 
the  mulberry  : when  fawn  through  it  gives  the 
fame  fmell  as  bone  or  ivory.  It  is  foluble  with 
difficulty  in  acids : the  cauftic  alkalies  have  no 
aftion  upon  it,  but  when  a carbonated  alkali  is 
boiled  with  it  for  a few  minutes,  it  is  completely 
decompofed,  carbonat  of  lime  is  depofited,  and 
the  liquor  contains  the  oxalat  of  the  alkali  ufed, 
mixed  with  a little  phofphat.  If  acetited  lead 
is  added,  a compound  precipitate  of  oxal  '.t  and 
phofphat  of  lead  is  formed,  to  which  if  ful- 
phuric acid  is  added,  fulphat  of  lead  is  produced, 
and  the  oxalic  acid  remains  in  the  fupernatant 
liquid,  and  may  be  procured  in  its  proper  cry- 

*•  WollaAcn,  F»«icroy. 
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ftallizcd  form.  This  calculus,  when  calcined 
in  the  open  air,  blackens,  and  gives  an  ammo- 
niacal  fmell  and  the  other  products  of  foft 
animal  matter,  and  a white  powder  finally  re- 
mains, which  confifts  of  quick-lime  and  phol- 
phat  of  lime.  The  quick-lime  is  that  portion 
of  this  earth  which  was  united  to  the  oxalic 
acid,  and'  its  production  or  complete  calcina- 
tion is  a perfectly  diflinguifhing  mark  of  this 
fait,  as  no  other  calcareous  fait  has  yet  been 
difcovered  in  calculus  but  the  phofphat,  and 
the  acid  of  this  latter  is  not  deftruCtible  by  fire. 

The  very  extenfive  and  accurate  refearches  of 
Meflrs.  Fourcroy  and  Vauquelin,  on  urinary 
calculi,  have  difcovered  to  them  the  twelve 
following  dillinCt  fpecies,  with  the  enumera- 
tion of  which  we  fhall  conclude  this  article, 
referring  the  reader  to  the  original  for  a more 
complete  defcription.* 

,Sp.  I.  Calculi  of  Uric  Acid  alone. 

Thefe,  which  the  moft  frequently  occur,  are 
diftinguifhablc  by  their  rcfemblance  to  wood  in 
colour,  by  having  a denfe  radiated  texture,  and 
by  being  entirely  folublc  in  cauftic  alkali,  with- 
out giving  any  fmell.  Their  analyfis  has  been 
already  mentioned.  Sp.  gr.  1.27  to  £.78. 

Sp.  2.  Ut  at  of  Ammonia. 

Thefe  are  pale-brown,  difpofed  in  fine  brittle 
laminas,  with  a nucleus  in  the  middle  ; foluble  in 
caullic  alkali,  with  difengagement  of  ammonia. 
Muriatic  acid  takes  away  the  ammonia  and  leaves 
the  uric  acid  pure.  Sp.  gr.  m:  1225  to  1.720. 

Sp.  3.  Oxalat  of  L,ime.  M.ulberry  Calculi. 

The  colour  of  thefe  calculi  is  brown  ; the 
furface  mamillated,  fometimes  approaching  to 
prickly : they  are  hard,  denfe,  and  take  a fine 
polifh  ; and  when  fawn  give  out  the  fmell  of 
rafped  bone.  They  are  infoluble  in  cauftic  alka- 
lies, foluble  in  acids,  and  when  calcined  leave 
pure  lime,  'hhey  alfo  abound  with  an  animal 
matter,  like  gelatin.  Sp.  gr.  1.428  to  1.976. 

Sp.  4.  Uric  Acid  and  Earthy  Phofphats,  in 
iivo  difinB  layers. 

Their  colour  is  white  like  chalk,  they  are 
friable,  and  contain  a nucleus  of  uric  acid, 
and  the  phofphats  externally.  They  can  only 
be  diftinguiftied  when  fawn  through.  Sp.  gr. 
very  variable. 

Sp.  5.  Uric  Acid  and  Earthy  Phofphats  in- 
ierm’Xfd. 

The  external  characters  of  thefe  calculi  are 
extremely  variable.  Sometimes  they  appear  ho- 
mogeneous, at  other  times  they  are  marbled  or 
veined  like  the  onyx.  '1  he  colour  is  grey, 
never  of  a chalk  white,  and  they  are  often  foapy 
to  the  touch.  Sp.  gr.  1.213  to  1.739. 


Sp.  6.  Urat  of  Ammonia  and  Earthy  Phof 
phats,  in  difliuH  layers. 

Thefe  refemblc  Sp.  4.  in  appearance,  and  can 
only  be  diftinguifhed  by  analyfis.  Generally 
the  nucleus  is  the  urat,  and  the  phofphats  are 
external  ; but  fometimes  it  is  the  reverfe.  Sp. 
gr.  1. 312  to  1.761. 

Sp.  7.  Urat  of  Ammonia  and  Earthy  Phof- 
phats intermixed. 

Thefe  are  fcarcely  diftinguilhable  but  by 
analyfis.  Their  texture  appears  at  fir  ft  very 
uniform,  but  attentive  examination  will  fhew 
their  diftinCl:  laminae  of  the  component  falts. 

Sp.  8.  Phofphat  of  Lime  and  Ammoniaco- 
Magneftan  Phofphat. 

This  fpecies  is  of  a pure  chalk-white,  friable, 
Infoluble  in  alkalies,  diflblves  in  w’eak  acids : 
fometimes  it  is  of  an  enormous  fize.  Sp.  gr. 
only  from  1.138  to  1.47 1. 

Sp.  9.  The  nucleus  Oxalat  of  Limey  and. 
covered  with  a thick  coating  of  Uric  Acid. 

This  variety  can  only  be  diftinguiftied  by 
the  eye  when  fawn  through,  when  each  fub- 
ftance  may  be  recognifed  by  its  peculiar  marks. 
Sp.  gr.=  1.341  to  1.754. 

Sp.  10.  A nucleus  of  Oxalat  of  Lime,  and  in- 
vefed  with  earthy  Phofphats. 

This  too  requires  to  be  fawn  through  to  be 
diftinguiftied.  It  is  not  uncommon.  Sp.  gr. 

1. 168  to  1 .752. 

Sp.  1 1 . Uric  Acid  or  Urat  of  Ammonisy  earthy 
PhofphatSy  and  Oxalat  of  Lime. 

Sp.  12.  Uric  Acid,  Urat  of  Ammonia  y earthy 
PhofphatSy  and  Silex. 

This  is  made  a diftlnCl  fpecies  on  account  of 
the  filex,  which  however  is  very  rare. 

The  above  clalTification  appears  to  us  fome- 
what  too  complicated,  and  many  other  varieties 
might  doubtlefs  be  found  which  would  have  as 
good  a claim  to  be  confidered  as  dillincl;  fpecies 
as  fome  of  thofe  here  enumerated.  It  will  ferve 
however  to  ftiew  the  very  various  nature  of 
urinary  calculi,  and  the  total  abfence  of  any  one 
common  chemical  property ; and  hence  may  be 
demonftrated  the  impoffibility  of  finding  a finglc 
folvent  which  would  apply  to  every  cafe  of  this 
formidable  difeafe. 

URINE.  Harn.  Germ. 

Human  urine  is  an  extremely  compound  fluid, 
but  one  with  the  nature  of  which  we  are  now 
very  accurately  acquainted  on  account  of  the 
many  excellent  and  accurate  analyfes  partial  or 
compleat  which  it  has  undergone  from  feveral 
excellent  chemifts,  among  whom  we  may  par- 
ticularly mention  Mr.  Cruikftiank  and  a moft 
elaborate  and  mafterly  analyfis  by  MelTrs. 
JO.  * See  Rolio on  Diabctcj. 
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Fourcroy  and  Vauquelin."  Its  compofition  has 
been  partially  explained  under  the  article  Phof- 
phofus  and  Phofphats^  as  it  was  the  fubftance 
from  which  phofphorus  was  firft  extra£l:ed. 

The  fubftances  which  unqueflionably  com- 
pofe  healthy  urine  before  any  change  has  been 
induced  by  putrefadlion  or  artificial  heat,  are 
the  following,  viz.  water,  phofphoric  acid, 
muriatic  acid,  uric  acid,  benzoic  acid,  carbonic 
acid,  foda,  potalh,  ammonia,  lime,  magnefia, 
gelatin,  and  a very  fingular  fubftance  peculiar 
to  this  fluid,  to  which  was  formerly  given 
the  vague  term  of  a faponaceous  extra£l,  but 
which  has  more  properly  been  called  urea  (uree) 
by  the  French  chemifts  above  mentioned.  Be- 
fides  thefe  component  parrs,  Prouft  and  fome 
other  chemifts  have  admitted  a peculiar  refin,  to 
v'hich  the  colour  and  odour  is  attributed ; 
fulphur,  and  fulphuric  acid,  united  partly  with 
the  foda  and  partly  with  the  lime.  But  thefe 
three  laft  fubftances  are  doubtful,  and  they 
may  be  palTed  over. 

Of  the  above  mentioned  indubitable  ingredi- 
ents of  urine  all  the  acids  are  nearly,  but  not 
entirely,  faturated  with  one  or  other  of  the 
refpecftive  bafes  (for  a flight  excefs  of  acid  is 
fliewn  in  recent  urine  by  its  reddening  litmus) 
fo  that  a number  of  neutral  falts  are  formed, 
and  may  be  aftually  extrafted  by  Ample  pro- 
cefles.  Of  thefe  the  moft  important  are,  muriat 
of  foda  and  potafh  ; phofphat  of  lime  ; phof- 
phat  of  foda  ; and  phofphat  of  foda  with  ammo- 
nia, a fait  long  celebrated  under  the  term  Micro- 
tofmic  falty  or  Fujihle  fait  of  Urwe.  Befides  thefe, 
after  putrefaftion  has  begun  in  this  fluid,  a 
confiderable  quantity  of  ammonia  is  generated, 
which  not  only  faturates  the  excefs  of  acid,  but 
gives  a very  fenfible  alcalefcency,  and  caufes  the 
produ£fion  of  fome  other  neutral  fiilts,  particu- 
larly the  urat  of  ammonia  ; benzoat  of  ammonia ; 
and,  by  uniting  with  the  phofphat  of  magnefia 
it  forms  the  triple  ammoniaco-magnefian  phof- 
phat defcribed  in  the  article  of  urinary  calculus. 

Urine,  recently  made  by  a perfon  in  health, 
is  a clear  yellow  fluid,  varying  in  fpecific  gravity 
from  1.033  to  1.005,°  according  as  it  is  more 
or  lefs  watery,  of  a peculiar  fmell,  a very  acrid 
faline  tafte,  and  llightiy  acidulous  fo  as  to  redden 
litmus.  After  ftanding  for  iome  hours  it  be- 
comes turbid,  and  a red  matter  is  depofited, 
which  is  chiefly  uric  acid,  and  may  be  re-dif- 
folved  by  heating  the  urine. 

When  urine  is  expofed  to  a gentle  heat  in 
an  evaporating  velT  1 a fteam  arifes,  impreg- 
nated with  an  urinous  odour,  and  a fcum  arifes 

* Aun.  thim  tom,  31  & 


with  many  globules  of  gas  entangled  In  it, 
which  are  chiefly  carbonic  acid.^  As  the  eva- 
poration advances  the  colour  deepens  to  a dark 
red,  and  foon  a whitifh  flocculent  coagulum  is 
depofited,  and  the  fteam  acquires  an  ammoni- 
acal  fmell.  At  this  period  the  excefs  of  acid 
exifting  in  recent  urine  is  loft,  and  on  the  con- 
trary it  turns  fyrup  of  violets  green,  which, 
together  with  the  acquired  ammoniacal  fmell, 
indicates  the  formation  of  a quantity  of  this 
alkali  by  the  adlion  of  the  heat.  This  circum- 
ftance  too  has  another  effedf,  which  is  to  pre- 
cipitate the  phofphat  of  lime  which  was  held  in 
folution  by  the  excefs  of  acid,  and  the  whitifli 
coagulum  confifts  of  this  earthy  fait,  together 
with  an  animal  matter  of  the  nature  either  of 
gelatin  or  albumen,  and  of  fome  urat  of  ammo- 
nia. When  the  evaporation  is  continued  till 
the  liquor  has  a fyrupy  confiftence,  this,  when 
decanted  from  the  fediment,  and  fet  in  a cool 
place  depofits  a confiderable  quantity  of  brown 
dirty  cryftals.  To  feparate  the  whole  of  thefe, 
the  fupernatant  liquor  fltculd  be  alternately  eva- 
porated and  fet  by  to  cool,  till  the  whole  is 
brought  nearly  to  drynefs.  By  re-diflblving  all 
the  foul  cryftals  in  warm  water  and  again 
cryftallizing,  the  falts  may  be  obtained  pure  j 
but  for  the  purpofe  of  analyfis  it  is  better  firft 
to  digeft  the  entire  mofs,  both  cryftals  and 
refidue,  with  good  alcohol,  which  will  not  fen- 
fibly  a£t  on  the  falts,  but  will  diflblve  the  ex- 
tractive matter  with  which  they  are  mixed,  and 
that  of  the  refidue,  which  confifts  chiefly  of 
the  urea. 

The  falts  confift  of  the  muriats  of  potafh  and 
foda,  phofphat  of  foda,  and  of  the  phofphat  of 
foda  with  ammonia,  or  fufible  fait.  If  after  being 
redllTolved,  the  folution  is  ftrongly  evaporated 
and  fet  by  to  cool,  a confufed  aflemblage  of 
cryftals  is  formed,  which  was  formerly  confi- 
dered  without  much  diftineftion,  as  the  native 
fait  of  urine.  But  if  the  folution  is  allowed  to 
evaporate  fpontaneoufly,  the  muriats  firft  fepa- 
rate, after  which  fmall  cryftals  of  phofphat  of 
ammonia  are  formed,  and  along  with  them 
larger  cryftals  of  Ample  phofphat  of  foda,  which 
latter  may  be  diftinguifhed  by  their  fize,  by 
their  form  of  comprefled  four-fided  prifms,  by 
efflorefeing,  and  by  running  into  an  opake 
glafs  when  melted  ; whereas  the  pure  phofphat 
of  ammonia  when  heated  parts  with  its  alkali, 
and  a clear  globule  of  phofphoric  acid  is  left. 
(For  the  further  habitude*  of  thefe  two  falts  fee 
the  article  Phofphat s.) 

The  above  Ample  method  of  analyfis  there- 
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fof&  will  give  the  following  producfls:  viz.  ift. 
a flocculent  depofit  compofed  of  uric  acid,  phof- 
phat  of  lime  and  a little  albumen  or  gelatin  : 
2d.  an  alcoholic  folution  containing  the  proper 
extra£live  matter  or  urea : and  3d.  a watery 
folution  of  the  alkaline  muriats  and  phofphats. 
With  regard  to  the  relative  proportions  of  thefe, 
Mr.  Cruiklhank  finds  that  36  oz.  of  healthy 
urine  may  yield  about  i oz.  of  folid  contents,  of 
which  he  eftimates  the  muriatic  falts  to  be  about 
3 drams ; the  alkaline  phofphats  to  be  3 dr. 
50  grs;  the  depofit  of  phofphat  of  lime  and  uric 
acid  to  be  25  grs;  and  the  extraftive  matter  or 
urea  to  be  3 drs.  40  grs. 

Some  rough  eftimation  of  the  relative  pro- 
portions of  the  muriats  and  the  phofphats  in  the 
entire  fait  of  urine  may  be  made  by  heating 
them  ftrongIy,.by  which  if  the  muriats  are  very 
prevalent,  the  mafs  will  ftrongly  decrepitate 
and  fufe  with  difficulty  ; but  if  the  phofphats 
more  abound  the  whole  will  readily  run  into 
thin  fufion.  The  uric  acid  and  phofphat  of 
lime  may  be  eafily  diftinguiffied  by  diflblving 
them  in  dilute  nitric  acid  and  evaporating  to 
drynefs,  by  which  the  dry  mafs  when  warm  will 
alTume  a deep  rofe  colour,  if  the  uric  acid  is 
prefent,  and  the  folution  will  ftain  the  fingers ; 
but  if  only  phofphat  of  lime  is  prefent  no  fuch 
effe£l;  will  be  produced.  Calcination  in  a red 
heat  will  deftroy  the  uric  acid,  and  will  leave 
the  phofphat  of  lime  as  a white  friable  mafs. 

We  ffiall  purfue  the  analyfis  of  urine  no 
further  than  to  detail  fome  of  the  effecfls  of 
reagents  upon  urine,  and  the  charafteriftic  pro- 
perties of  urea. 

Pure  ammonia,  and  the  fixed  alkalies,  and 
the  alkaline  earths  dropped  into  healthy  urine, 
produce  a flight  cloudinefs  which  fettles  into  a 
precipitate  of  phofphat  of  lime.  This  is  owing 
to  the  neutralization  of  the  acid  which  held  it 
in  folution  as  before  explained. 

Infufion  of  galls  or  oak- bark  gives  a fmall 
precipitate  of  tan,  which  amounts  on  an  average 
to  about  I grain  in  an  ounce  of  urine. 

Muriat  of  barytes  caufes  a copious  denfe  pre- 
cipitate of  phofphat  of  barytes,  which  amounts 
to  about  13  grs.  from  4 oz.  of  healthy  urine 
according  to  Mr.  Cruikfhank,  which  is  equiva- 
lent to  about  24  grs.  of  microcofmic  fait. 

Acetited  lead  produces  a copious  precipitate, 
which  confilts  of  phofphat  and  muriat  of  lead. 
Thefe  may  be  feparated  by  dfgcftion  with  about 
20  parts  of  diftiiled  water,  which  will  difl'olve 
the  muriat  of  lead  and  leave  the  phofphat.  The 
latter  diftiiled  with  charcoal  yields  pho/phorusy 
as  mentioned  under  that  article. 


We  proceed  to  deferibe  the  principal  proper- 
ties of  the  faponaceous  extracfl  of  urine  or  Urea. 

Mr.  Cruikffiank  had  found  that  this  was  that 
part  of  the  urine  which  peculiarly  yielded  carbo- 
nat  of  ammonia  when  diftiiled,  and  he  has  men- 
tioned the  followingfingular  habitudeswith  nitric 
acid.  If  to  one  oz.  of  this  extra£l  be  added  as 
much  nitrous  acid  diluted  with  an  equal  weight 
of  water,  a violent  effervefcence  accompanied 
with  the  difengagement  of  nitrous  gas  will  tak$ 
place,  and  when  the  aiSrion  has  ceafed,  and  the 
liquor  become  cold,  a number  of  Ihining  cryf- 
talline  fcales  refembling  the  acid  of  borax,  will 
be  depofited,  which  when  dried  on  blotting 
paper  will  weigh  about  6 or  7 drams,  and  will 
have  the  ffiape  of  flat  rhomboids  vy'Ith  a fmooth 
greafy  feel.  Thefe  cryftals  are  much  more 
foluble  in  hot  than  in  cold  water  ; diflolve  in 
alcohol ; have  decidedly  acid  properties  ; and 
are  readily  diflblved  in  fulphuric  and  muriatic 
acid.  Their  folution  in  water  does  not  render 
lime-water  turbid,  nor  does  it  adf  apon  acetite  of 
lead,  fo  that  it  is  neither  oxalic  nor  phofphoric 
acid.  When  heated,  this  fait  melts  and  evapo- 
rates in  white  fmoke,  and  a reddifh  flame  fimi- 
lar  to  nitrat  of  ammonia. 

To  thefe  diftingulffiing  properties  of  urea, 
the  refearches  of  Fourcroy  and  Vauquelin  have 
added  the  following  ; to  obtain  it  in  the 
greateft  purity,  urine  fliould  be  evaporated 
flowly  to  drynefs,  and  the  refidue  digefted  with 
alcohol,  which  will  leave  moll  of  the  falts  un- 
touched, but  will  difl'olve  the  urea  mixed  with 
a little  benzoic  acid,  from  which  It  cannot  well 
be  feparated,  but  which  is  in  fuch  fmall  quantity 
as  not  much  to  interfere  with  the  properties  of 
pure  urea.  If  this  alcoholic  folution  is  evapo- 
rated to  the  confiftence  of  fyrup  and  allowed  to 
cool,  the  urea  feparates  in  imperfecfl  quadrangu- 
lar plates,  of  a brilliant  yellowifh  white,  which 
alfo  contain  a little  muriat  of  ammonia.  In 
this  ftate  it  has  an  extremely  fetid  fmell, 
ftrongly  adheres  to  the  veflTel  that  contains  it, 
is  hard  and  granular,  but  highly  deliquefeent 
when  expofed  to  the  air.. 

When  urea  Is  heated  per  fe  in  a retort  with  a 
moderate  fire,  a white  fmoke  firft  arifes,  which 
cryftallizes  in  the  neck  of  the  receiver,  and  Is 
benzoic  acid.  After  this  comes  carbonat  of 
ammonia,  which  alfo  cryftallizes,  and  this  pro- 
dudV  continues  unchanged  to  the  end  of  the 
procefs,  without  the  produ£rion  of  any  liquid, 
watery  or  oily.  The  veflels  are  filled  with  an 
intenfely  fetid  fmell,  refembling  that  of  putrid 
fiih.  The  refidue  in  the  retort  is  blackilh  and 
dry.  If  farther  heated,  white  fumes  of  muviatei 
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ammonia  rife,  and  the  carbonaceous  refidue 
exhales  an  odour  of  pruflic  acid  when  moillened. 
Urea  is  extremely  foluble  in  water,  and  the  folu- 
tion  when  kept  witltout  addition  does  not  eafily 
alter,  but  on  adding  any  albuminous  matrer  it 
ferments,  and  acetite  of  ammonia  appears  in  the 
liquid. 

When  the  watery  folution  of  urea  is  niftilled, 
it  is  refolved  a'moll  totally  into  liquid  carbonat 
of  ammonia,  which  is  collected  in  the  receiver. 

The  effect  of  nitric  acid  upon  this  fingular 
fubftance  has  been  already  partly  mentioned. 
The  effervefcence  produced  by  this  acid  is  owing 
to  the  extrication  of  a vaft  quantity  of  azotic  gas, 
mixed  with  carbonic  acid. 

The  cauftic  fixed  alkalies  readily  diffolve  urea, 
difengage  a good  deal  of  ammonia  from  it,  and 
the  folution  contains  the  benzoic,  acetous,  and 
carbonic  acids,  united  with  the  alkali  employed. 

Another  remarkable  property  of  urea  is  the 
difpofition  which  it  gives  to  muriat  of  foda 


mixed  with  it  to  cryftallize  in  oifdohedfoas, 
and  muriat  of  ammonia  in  cubes*,  whereas  the 
natural  form  of  thele  falts  is  exadlly  the  reverfe. 
Thus  the  common  fait  obtained  in  evaporating 
urine  is  always  at  firft  odlohedral,  but  on  cal- 
cining it  to  get  rid  of  the  urea,  it  appears  on 
re-folution  and  cryftallization  in  its  natural  cubic 
form.  The  like  effedl  is  produced  by  mixing 
cubical  common  fait  with  urea  and  cryitallizing 
it,  when  it  affumes  the  odloliedral  form. 

This  remarkable  fubftance  requires  further 
examination. 

The  urea  almoft  entirely  difappears  from 
urine  during  that  fingular  difeafe  the  Diabetes 
MellituSy  and  a very  large  quantity  of  faccharine 
matter  is  produced,  which  latter  may  be  ex- 
tradfed  in  abundance  by  evaporation  and  clarifi- 
cation, and  has  adfually  been  brought  to  a very 
clofe  refeniblance  of  Mufcovado  fugar,  and  by 
digeftion  with  nitric  acid,  yields  a large  quan- 
tity of  oxalic  acid. 


V 


VARNISHING",  and  LACQUERING,  the 
art  of. 

A varnifh,  in  the  moft  extenfive  application 
of  the  term,  is  any  fluid,  which  when  fpread 
thin  upon  a folid  fubftance  adheres  to  it,  and,  be- 
coming dry,  forms  upon  its  furface  a fhining 
coating  impervious  to  the  air,  and  to  moifture. 

In  treating  of  this  fubjedf  the  moft  conveni- 
ent method  of  arranging  it  will  be  according  to 
the  nature  of  the  menftrua  from  which  the  dif- 
ferent varniflies  derive  their  fluidity.  Thefe 
menftrua  are  three  in  number,  namely  alcohol, 
eflcntial  oil,  and  fat  oil. 

The  folid  fubftances  which  by  folution  in  the 
above  menftrua  compofe  the  body  of  the  dif- 
ferent varnifhes  are  the  following. 

1.  Benzoin. 

This  fubftance  is  ufed  in  compound  alcoholic 
varnifhes,  chiefly  on  account  of  its  fragrant 
odour : by  itfelf  it  forms  a tenacious  but  foft 
varnifh,  which  requires  the  addition  of  fome 
of  the  harder  refins. 

2.  Lac. 

This  is  one  of  the  moft  ufeful  ingredients  in 
alcoholic  varnifhes,  it  forms  a body  of  great 
toughnefs  and  hardnefs  : the  only  objedHon  to 
it  is  its  colour,  which  is  a brownilh  red. 

3.  Maftich. 

This  is  a refin  of  prime  importance  to  the 
varnifher  ; if  well  feledded  it  has  fcarcely  any 


colour,  and  pofTefles  both  toughnefs  and  hard- 
nefs in  a very  confiderable  degree. 

4.  Anime. 

This  refill  is  employed  in  fome  compound 
alcoholic  varniflies,  chiefly  on  account  of  its 
agreeable  odour. 

5.  Elemi. 

Of  this  refin  there  are  two  forts,  the  Ethi- 
opian and  South  American.  The  former  is 
greatly  preferable  to  the  latter ; it  is  of  a folid 
but  tough  confiftence,  a greenifh  colour,  and 
poflefles  an  odour  refembling  that  of  fennel : it 
communicates  to  the  compound  varnifhes  great 
toughnefs  and  durability. 

6.  Sandarach. 

This  refm  communicates  remarkable  fplen- 
dour  to  alcoholic  varnifhes,  but  on  account  of 
its  foftnefs  requires  to  be  mixed  with  the  harder 
and  tougher  refins. 

7.  Turpentine. 

Almoft  all  the  different  varieties  of  turpen- 
tine are  employed  by  the  varnifher : they  afford 
gloflinefs  and  body  at  fmall  expence,  but  re- 
quire the  admixture  of  fome  of  the  harder 
refins. 

8.  Gamboge.  9.  Dragon’s  blood. 

Thefe  are  never  employed  by  themfelves,  but 
are  ufed  in  fmall  proportions  for  the  purpofe  of 
colouring  compound  varnifhes,  efpecially  thofe 
ufed  in  lacquering. 
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JO.  Copal. 

This  valuble  fubftancc  is  employed  in  all  the 
three  kinds  of  varnifli,  to  which  it  communi- 
cates an  uncommon  degree  of  hardnefs. 

11.  Amber. 

This  is  alfo  a very  valuable  ingredient,  but 
its  application  is  principally  confined  to  the  co- 
loured and  opake  oil  varniflies. 

12.  Afphaltum. 

This  bitumen  is  extenfively  ufed  in  the  b'eft 
black  oil  varnilhes. 

13.  Caoutchouc. 

This  fubftance  is  ufed  only  in  the  oil  varnilh 
with  which  balloons  are  covered. 

I . Alcoholic  varmjhes. 

Alcoholic  varnilhes  are  prepared  with  lefs 
trouble  than  others,  they  are  eafily  applied, 
they  foot!  dry,  and  are  entirely  free  from  any 
difagreeable  odour ; on  this  account  they  are 
in  very  general  eftimation.  1 hey  are  however 
in  return,  very  liable  to  crack,  or  fcale  off,  and 
are  incapable  of  refilling  blows  or  long  con- 
tinued fri£lion. 

The  compofition  of  thefe  varniflies,  though 
upon  the  w'hole  fufficiently  fitnple,  requires  a 
few  precautions  which  we  lhall  proceed  to 
mention.  In  the  firll  place,  care  Ihuuld  be 
taken  not  to  add  more  refin  than  the  fpirit  can 
take  up*,  for  moll  refins,  however  homogeneous 
they  may  appear  to  be,  confill  of  parts  unequal- 
ly foluble  in  alcohol  *,  the  confequence  of  a fu- 
perfluity  of  refm  therefore  will  be,  that  the  moll 
foluble  parts  alone  will  be  taken  up,  and  the  re- 
fulling  varnilh  will  be  found  to  be  much  fofter 
and  lefs  durable  than  if  only  fuch  a quantity  of 
refm  was  added  as  juft  fufficed  to  faturate  the  al- 
cohol. Indeed  the  very  bell  way  of  proceeding 
is  to  add  the  refm  by  fmall  portions  at  a time, 
taking  care  not  to  add  a freili  quantity  till  the 
whole  of  the  preceding  is  taken  up. 

Secondly,  a mixture  of  two  or  more  refins  is 
foluble  in  a lefs  quantity  of  alcohol  than  would 
have  been  required  for  the  folution  of  each  fe- 
paratcly.  This  is  particularly  the  cafe  with 
thofe  compounds  into  which  copal  or  fandarach 
enter;  thefe  fubftances,  efpecially  the  former, 
being  but  very  fparingly  foluble  by  themfelves 
in  alcohol. 

Thirdly,  much  depends  upon  the  purity  of 
the  alcohol.  If  diluted  to  a certain  degree  with 
water  it  is  incapable  of  a6ling  even  on  the 
fofteft  rafins ; and  for  copal  varnilhes  the  high- 
eft  poffible  degree  of  re£lification  is  abfolutely 
effential.  The  addition  of  camphor  fingularly 
facilitates  the  folution  of  copal  and  the  more 
intradable  relius,  but  if  ufed  in  too  great  a pro- 


portion it  makes  the  varnilh  mealy,  and  dii- 
minifhes  its  tenacity. 

Fourthly,  during  the  folution  of  the  refins  it 
is  expedient  that  they  Ihould  expofe  as  large 
a furface  as  pofLble  to  the  adion  of  the 
fpirit ; for  it  not  unfrequently  happens,  efpeci- 
ally when  heat  is  applied,  that  the  refins  run 
together  into  a tougli  mafs,  after  which  their 
folution  goes  on  very  llowly  : this  inconvenience 
may  be  obviated  by  mixing  the  refins  with  ra- 
ther coarfely  pounded  glafs. 

The  following  are  fome  of  the  moll  approved 
receipts  for  alcoholic  varnilhes. 

1.  Take  of  ciean  maftich  6 ounces;  and  of 
fandarach  3 ounces,  and  reduce  the  mixture  to 
fine  powder  in  a clean  Wedgwood  mortar: 
to  this  add  4 ounces  of  coarfely  pounded  glafs, 
and  pour  the  mixture  into  a three  pint  flalk 
containing  a quart  of  highly  redlified  alcohol  : 
ftop  the  flafk  loofely  with  a cork,  and  let  the 
ingredients  digell  together  in  a warm  room  for 
three  days,  fhaking  the  mixture  frequently  in. 
the  interval.  I'hen  melt  three  ounces  of  very 
clear  Venice  turpentine,  by  putting  it  into  a cup 
fet  in  hot  water,  and  as  foon  as  it  is  perfettiy 
liquefied  pour  it  into  the  alcoholic  folution,, 
alfo  previoufly  warmed,  and  then  digell  the 
whole  in  hot  water  for  tvv'o  hours ; ftirring  it 
up  frequently  with  a rod  of  glafs,  or  a ftick  of 
white  wood.  When  the  digellion  is  flniflied 
let  the  flafk  Hand  quiet  for  about  a week  in  a 
w^arm  room,  and  after  that,  llrain  the  varnilh 
into  a bottle  through  a little  cotton  wool. 

2.  Take  of  copal  that  has  been  liquefied,  and 
afterwards  very  finely  pounded,  3 ounces,  of 
clean  maftich  3 ounces,  ot  gum  fandaraca  6 
ounces,  and  of  pounded  glafs  4 ounces  : mix 
the  ingredients  with  a quart  of  alcohol  and  di- 
geft  them  as  already  divedled  : then  add  21- 
ounces  of  clear  turpentine. 

This  is  a llrong  and  durable  varnifn  w'hich 
may  be  applied  to  chairs  and  other  articles  of 
furniture. 

3.  Take  of  fandarach  4 ounces,  of  feed  las 
2 ounces,  of  maftich  2 ounces,  and  of  elemi 
I ounce;  digell  the  whole  in  a quart  of  aico- 
hol  moderately  warm,  and  when  the  folution 
is  compleat  add  2 ounces  of  Venice  turpen- 
tine. This  forms  a good  varnilh  for  violins 
and  other  mufical  inllruments. 

4.  i'ake  of  feed  lac  » ounces,  and  digeft  it 
for  three  or  four  days  in  a warm  place  with  a 
quart  of  alcohol  ; when  the  folution  is  com- 
pleat llrain  it  through  flannel  to  feparate  the 
impurities,  and  the  clarified  liquor  is  the  com*» 
mqn  lac  varnilh. 
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5.  Take  of  maflich  half  an  ounce,  of  white 
frankincenfe  a quarter  of  an  ounce,  of  fanda- 
rach  half  an  ounce,  of  benzoin  half  an  ounce, 
and  dilTolve  the  ingredients  in  a pint  of  highly 
reftified  alcohol  : a colourlefs  varnilh  is  thus 
formed,  which  is  employed  for  defending  the 
filvering  of  clock-faces,  of  barometer  fcales, 
and  other  fimilar  articles,  from  the  a£tion  of 
the  air. 

6.  Take  of  fandarach  6 ounces,  of  elemi  4 
ounces,  of  anime  i ounce  ; pound  the  whole 
together,  and  then  add  4 ounces  of  coarfely 
pulverized  glafs;  infufe  the  mixture  in  a quart 
of  redlified  alcohol,  and  add  at  intervals  as  the 
folution  goes  on  half  an  ounce  of  camphor. 
The  refult  is  a very  good  colourlefs  varnifli  for 
boxes  of  papier  mache  and  fimilar  articles. 

7.  A fimilar  varnilh  to  the  above  but  fome- 
what  coarfer,  is  compofed  of  white  frankincenfe 
6 ounces,  anime  and  elemi  of  each  two  ounces, 
pounded  glafs  4 ounces,  and  a quart  of  alcohol. 

§.  2.  EJfential  OH  VarniJI^es. 

The  high  price  of  molt  of  the  ell'ential  oils  is 
fuch  as  to  preclude  the  varnifher  from  the  ufe 
of  them  ; oil  of  lavender  is  occafionally  em- 
ployed, but  the  ufual  menftruum  is  oil  of  tur- 
pentine. The  purity  of  this  latter  fluid  is  of 
the  utmofl;  importance ; that  which  is  com- 
monly fold  at  the  oil  and  colour  fhops,  though 
fufficiently  pure  for  oil  painting,  will  very 
rarely  anfwer  the  purpofe  of  the  varnifher,  who 
if  he  wifhes  to  fave  himfelf  from  much  mortifi- 
cation and  difappointment  will  apply  for  this 
article  to  Apothecaries’  Hall,  London,  where 
it , is  conftantly  to  be  procured  in  the  utmoft 
purity. 

Varnlflies  with  oil  of  turpentine  and  the 
refins  are  fomewhat  fofter  but  confiderably 
tougher  than  thofe  prepared  with  alcohol  ; 
hence  they  are  not  fo  liable  to  crack  and  fcale 
off.  They  are  principally  ufed  for  varnifhing 
oil  paintings,  for  mixing  up  colours  with,  and 
for  lacquering.  A compofition  applicable  to 
the  firll  of  thefe  purpofes  is  the  following. 

8.  Take  of  pure  and  waflied  maflich  12 
ounces,  and  of  pounded  glafs  5 ounces,  infufe 
the  mixture  in  a quart  of  pure  oil  of  turpentine, 
adding  at  intervals  half  an  ounce  of  camphor  in 
fmall  pieces;  when  the  maflich  is  diflblved 
add  to  the  warmed  fluid  an  ounce  and  a half 
of  clear  turpentine  previoufly  melted,  and  flir 
the  mixture  together  till  it  is  thoroughly  incor- 
porated. 

Several  of  the  copal  varnifhes  may  be  alfo 
arranged  under  this  fedtion,  efpecially  thofe 
that  are  beft  fitted  for  varnilhing  articles  of 


wood  and  pafteboard.  Several  of  thefe  have 
been  already  deferibed  under  the  article  Copal, 
to  which  we  refer  the  reader.  To  thofe  may 
be  added  the  following  very  Ample  and  very 
efficacious  one. 

9.  Take  from  3 to  4 ounces  of  copal  that 
has  previoufly  been  liquefied  in  as  gentle  a heat 
as  polfible,  and  20  ounce  meafures  of  the 
purelt  oil  of  turpentine ; put  this  latter  in  a 
mattrafs  fet  in  boiling  water,  and  add  the  pul- 
verized .copal  in  fmall  quantities  at  a time,  in 
proportion  as  it  is  diflblved.  If  the  materials 
are  good,  and  the  procefs  well  condubted, 
fomewhat  more  than  3 ounces  of  copal  will  be 
taken  up,  and  the  liquid  will  be  a little  cloudy; 
by  (landing  for  a few  days  it  will  become  clear, 
and  fliould  then  be  flrained  through  cotton. 
This  is  a thick  varnifli,  and  will  generally 
require  to  be  diluted  with  a little  warm  oil  of 
turpentine  before  it  can  be  ufed  : it  forms  a 
very  hard  and  durable  glazing,  which  will  dry 
in  fummer  in  the  fpace  of  two  or  three  days,  or 
in  a lefs  time  if  put  into  a warm  (love. 

§.  3*  Oil  Varnijlies. 

Thefe  are  tougher  and  lefs  liable  to  crack 
than  thff  preceding,  and  by  expofure  to  a proper 
degree  of  heat  may  be  made  to  acquire  a very 
great  hardnefs : they  are  however  very  long  in 
drying  without  the  alfiftance  of  a ftove,  and 
give  out  an  extremely  difagreeable  odour  during 
drying : they  are  alfo  for  the  mofl  part  high 
coloured,  and  are  therefore  feldom  ufed  by 
themfelves,  but  mixed  up  with  fome  opake 
body  colour.  The  materials  employed  in  the 
compofition  of  thefe  varniflies,  with  the  excep- 
tion of  mere  colouring  fubftances,  are  the  fol- 
lowing, copal,  amber,  afphaltum,  drying  oil, 
and  oil  of  turpentine. 

The  mofl  colourlefs  of  the  fat  varniflies  is 
thus  prepared. 

10.  Take  of  copal  liquefied,  according  to 
Tingry’s  method,  and  finely  pulverized,  4 
ounces,  of  drying  linfeed  oil  and  oil  of  turpen- 
tine, each  10  ounces;  put  the  whole  into  a 
mattrafs,  and  apply  a very  gentle  heat  till  the 
copal  is  diflblved  : this  being  done,  let  the  var- 
nifh  {land  for  a few  days  to  clear,  and  after- 
wards drain  it  through  cotton.  This  forms  a 
folid  and  nearly  colourlefs  glazing,  and  dries 
eafily  at  the  common  temperature. 

11.  Take  of  picked  copal  16  ounces,  and 
melt  it  in  a clean  iron  pot  with  as  gentle  a heat 
as  poflible,  when  itsfufion  is  compleat,  pour  in 
3 ounces  of  drying  linfeed  oil  boiling  hot,  and 
incorporate  the  ingredients  by  llirring ; then 
remove  it  from  tire  fire,  and  while  it  is  yet 
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warm  pour  In  a pint  of  oil  of  turpentine,  alfo 
warm;  drain  the  varnifli  before  it  gets  cold 
•through  a piece  of  linen,  and  bottle  it.  The 
iolder  it  is  before  being  ufed  the  better.  This 
is  a very  valuable  varnifli  though  higher  co- 
loured than  the  preceding  ; when  dried  care- 
fully in  a dove  it  becomes  very  hard.  Amber 
varnifh  is  reckoned  harder  than  copal  varnifh, 
on  which  account  it  is  prefei'red  for  fome  works, 
it  has  the  difadvantage  however  of  being  much 
deeper  coloured.  T o prepare  this  varnifh, 

12.  Take  of  amber  coarfcly  pounded  i6 
ounces,  and  melt  it  in  a clean  iron  pot,  then 
add  to  it  2 ounces  of  melted  lac  and  lo  ounces 
of  drying  oil  boiling  hot ; incorporate  the  whole 
accurately  by  dirring,  then  remove  it  from  the 
fire,  and  add  a pint  of  warm  oil  of  turpentine. 

The  beautiful  black  varnifh  ufed  by  the 
coach-makers  is  thus  prepared. 

13.  Take  of  amber  16  ounces,  and  melt  it  In 
a clean  iron  pot,  then  add  to  it  half  a pint  of 
drying  linfeed  oil  boiling  hot,  and  3 ounces  of 
rofin,  and  the  fame  quantity  of  afphaltum,  each 
in  fine  po  der,  dir  the  materials  together  till 
they  are  thoroughly  melted  and  incorporated 
together  ; then  remove  the  varnifh  from  the  fire, 
and  add  to  it  a pint  of  warm  oil  of  turpentine. 

The  abov’  oil  varnifhes  are  intended  to  dry  to 
a very  hard  confidence:  thofe  however  that  are 
employed  for  making  filk  and  linen  water  at  d 
air  tight  are  required  to  be  tough,  without  any 
degree  of  hardnefs.  A varnifh  of  this  kind, 
which  was  fird  applied  to  balloons,  is  thus 
compofed. 

14.  Take  of  the  bed  oil  of  turpentine  3 
ounces,  and  of  caoutchouc  in  flips  a third  of  an 
ounce ; put  the  whole  in  a clofe  corked  bottle, 
and  keep  it  at  the  ufual  temperature  for  three 
or  four  days,  in  which  time  the  caoutchouc  will 
for  the  n»od  part  be  dilTolved,  forming  a tena- 
cious thick  fluid;  pour  this  into  a pint  of  drying 
linfeed  oil,  and  heat  the  mixture  for  a few 
minutes  nearly  to  boiling,  then  take  it  from  the 
fire  and  drain  it  while  warm  through  a piece  of 
linen  This  is  a very  effeftual  varnifh,  but  it 
is  long  in  drying.  The  following  therefore  is 
to  be  preferred. 

15.  Take  of  very  drying  linfeed  oil  half  a 
pint,  and  of  birdlime  i pound,  put  the  mixture 
in  an  iron  pot,  and  heat  it  nearly  to  boiling,  till 
the  birdlime  ceafes  to  crackle,  then  pour  in  2^ 
pints  more  of  drying  oil,  and  boil  it  for  about 
an  hour  with  condant  dirring,  taking  care  that 
it  does  not  boil  over.  When  it  has  acquired 
fo  much  tenacity  that  a little  rubbed  between 
two  knife  blades  will  draw  out  into  threads  on  the 
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feparation  of  the  blades  from  each  other,  it  ma7 
be  removed  from  the  fire,  and  well  mixed  with 
a quart  of  oil  of  turpentine,  and  then  drained 
and  bottled.  In  order  to  apply  it,  the  filk  or 
linen  mud  be  quite  dry  and  the  varnifh  luke- 
warm ; a thin  coat  is  to  be  fird  laid  on  on  one 
fide,  and  about  twelve  hours  after  two  other 
coats  fhould  be  laid  on  one  on  each  fide,  and  in 
twenty-four  hours  after  the  duff  will  be  dry 
enough  to  be  ufed. 

§ 4.  (y  Lacquers. 

A lacquer  is  a tranfparent  varnifh  applied  to 
the  furface  of  metals,  both  for  the  purpofe  of 
protedHng  them  from  the  a£Hon  of  air  and 
moidure,  and  for  heightening  their  colour  and 
bringing  it  nearer  to  that  of  gold.  The  metali 
that  are  commonly  lacquered  are  brafs  and  tin. 
The  following  are  fome  of  the  bed  varnifhes 
for  the  purpofe. 

17.  Take  of  turmeric  pulverized  i ounce, 
and  of  faffron  and  arnotta  each  2^  drachms ; in- 
fule  them  at  a moderate  temperature  for  a week 
or  more  in  a pint  of  reflified  alcohol : feparate 
the  yellow  tinfture  thus  obtained,  by  draining 
through  a piece  of  clean  linen,  and  add  to  the 
clear  liquor  three  ounces  of  good  feed  lac ; let 
the  materials  diged  together-  for  fome  days  in  a 
bottle,  with  frequent  fhaking,  and  then  drain 
off  the  clear  part,  which  is  the  lacquer.  If  the 
piece  of  brafs  to  which  it  is  to  be  applied  is 
large,  as  a lock  for  example,  it  is  to  be  warmed, 
and  the  lacquer  alfo  warm  is  to  be  fpread  on 
with  a brufh ; if  the  articles  are  fmall  they  are 
to  be  made  up  into  packets,  then  warmed  and 
afterwards  dipped  into  the  varnifh. 

Another  lacquer  for  brafs  dill  cheaper  than 
the  foregoing,  and  nearly  as  good,  is  made  by 
fubdituting  half  a drachm  of  the  bed  dragon’s 
blood  indead  of  the  faffron  and  arnotta. 

The  following  varnifh  may  be  applied  to 
lamps  and  other  articles  of  tinned  ware,  in 
order  to  make  them  refemble  brafs. 

18.  Take  of  turmeric  one  ounce,  and  of 
dragon’s  blood  two  drachms  ; infufe  the  ingre- 
dients in  a pint  of  alcohol,  and  when  the  tinc- 
ture is  compleated,  drain  it  through  a piece  of 
clean  linen,  and  add  to  the  clear  liquor  three 
ounces  of  feed  lac ; in  a few  days  the  folution 
will  be  compleated,  after  which  the  varnifh  is 
to  be  drained  and  is  then  fit  for  ufe. 

One  Tliore  lacquer  remains  to  be  mentioned, 
namely  that  which  is  employed  in  the  prepara- 
tion of  gilt  leather  as  it  is  called.  The  appear- 
ance of  gilding  is  produced  on  leather  by  fixing 
upon  it,  by  means  of  drong  fize,  very  highly 
burniihed  tinfoil  or  filver  leaf,  and  then  coating 
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the  poKflied  furface  over  with  the  following 
varnilh. 

'■  19.  Take  of  fine  white  refin  4|  lbs.  of  com- 

mon refin  the  fame  quantity,  of  gum  fandarach 
2|  lbs. 'and  of  common  aloes  2 lbs.  : melt  the 
whole  over  a gentle  fire,  ftirring  them  well  at 
the  fame  time  with  an  iron  fpatula;  when  the 
fufion  is  compleat  add  by  degrees  7 pints  of 
linfeed  oil,  and  make  the  whole  boil  for  fix  or 
/even  hours,  ftirring  it  carefully  all  the  time. 
When  the  varnifh  begins  to  get  ropy,  ftir  in 
half  an  ounce  of  red  lead  finely  pulverized  ; as 
foon  as  this  latter  is  compleatly  difiblved  re- 
<move  the  varnifh  from  the  fire  and  ftrain  it 
while  warm  through  a linen  or  flannel  bag. 
VEGETABLE  MATTER. 

Having  already  noticed  at  length  in  their 
proper  places  the  different  vegetable  principles, 
and  fuch  individual  vegetable  fubftances  as  have 
received  any  thing  like  an  accurate  chemical 
analyfis,  there  remain  but  a few  words  to  be 
faid  on  the  general  fubjeft. 

Vegetable  matter,  though  in  its  ultimate  ana- 
lyfis it  is  compofed  for  the  moft  part  of  oxygen, 
hydrogen,  carbon,  and  azot,  is  made  up  of  a 
number  of  fecondary  compounds,  which  we 
ftiall  proceed  to  enumerate. 

The  moft  important  of  all,  if  we  have  regard 
to  its  quantity,  in  which  it  greatly  exceeds  all 
the  reft  put  together,  is  vegetable  fibre  or  IV'ood. 
This  is  to  plants  what  bone,  mufcle,  and  cartilage 
are  to  animals  ; to  this  they  are  entirely  indebted 
for  their  ftability  and  the  refiftance  which  they 
are  able  to  oppofe  to  external  violence  : it  con- 
ftitutes  the  greater  part  of  all  woods  and  barks  ; 
ot  the  green  epidermis  of  herbaceous  plants,  of 
the  network  of  leaves,  and  of  the  fine  downy 
fibres  in  which  the  feeds  of  cotton  and  various 
other  vegetables  are  imbedded.  It  confifts  of 
carbon,  oxygen,  hydrogen,  and  a little  azot. 
By  dry  diftiilation  it  yields  hydro-carbonous 
gas,  carbonic  acid,  empyreumatic  acetous,  or 
pyroligneous  acid,  with  a little  ammonia,  and  a 
little  volatile  oil;  a large  proportion  of  char- 
coal remains  behind  in  the  retort,  ftill  exhibit- 
ing in  a very  perfebl  manner  the  texture  of 
the  wood.  There  is  no  animal  fubftance  at  ail 
analogous  to  vegetable  fibre. 

'll'.e  next  perhaps  in  quantity  is  fecuin  or 
ftarch.  It  is  contained  in  all  feeds,  and  more 
fp  iringly  in  moft  of  the  bulbous,  tuberous,  and 
cth^r  fl  fhy  roots.  It  is  not  afeertained  whether 
azot  enters  into  its,  rompofition  ; it  certainly 
however  affords  no  ammonia  by  dry  diftiilation. 
It  appears  to  be  abfolutcly  peculiar  to  the  vege- 
tabie  kingdom. 


ExtraSl  is  another  of  the  peculiar  vegetable 
principles ; but  though  nothing  analogous  to  it 
exifts  in  the  animal  kingdom,  yet  it  afford* 
ammonia  both  by  dry  diftiilation  and  by  the 
ablion  of  quicklime;  in  the  former  cafe  indeed 
the  ammonia  is  mafked  by  the  contemporaneous 
produftion  of  empyreumatic  acid,  but  it  may 
readily  be  fet  at  liberty  by  means  of  the  fixed 
alkalies. 

Another  vegetable  principle  is  Tannin  : it  is 
contained  in  certain  barks,  woods,  and  leaves, 
and  affords  by  dry  diftiilation  an  empyreumatic 
acid  but  no  ammonia.  It  may  be  confidered  as 
peculiar  to  vegetables,  although  it  appears  from 
Mr.  Hatchett’s  experiments  that  a fubftance 
very  fimilar  to  tannin  may  be  procured  by  the 
adtion  of  nitric  acid  on  various  kinds  of  animal 
matter  previoufly  charred. 

Gum  mucilage  is  another  of  the  peculiar  vege- 
table principles  to  which  nothing  analogous  has 
yet  been  dilcovered  in  the  animal  kingdom  : it 
refides  chiefly  in  the  barks  of  trees,  and  in  a 
few  of  the  bulbous  roots.  By  dry  diftiilation 
it  affords  an  empyreumatic  acid,  from  which 
however  quicklime  lets  at  liberty  a quantity  of 
ammonia,  thus  ftio  ing  that  azot  enters  into 
the  compofition  of  this  fubftance. 

Volatile  oil  is  alfo  peculiar  to  the  vegetable 
kingdom  : it  occurs  in  the  bark,  the  wood,'  and 
the  covering  of  feveral  feeds : it  appears  to  con- 
fift  entirely  of  oxygen,  hydrogen,  and  carbon  ; it 
does  not  afford  any  ammonia  by  diftilla  ion. 

Camphor y Reftn,  and  Batfam  alfo  rank  among 
the  peculiar  vegetable  principles,  and  appear  to 
confilt  of  oxygen,  hydrogen  and  carbon,  with- 
out any  azot.  A few  of  the  aromatic  animal 
produdls  indeed,  fuch  as  mufk,  civet  and  am- 
bergris appear  to  contain  a portion  of  refm, 
which  how'ever  differs  from  vegetable  refin  in 
affording  ammonia  by  digeftion  with  fixed  alkali, 
and  therefore  contains  azot. 

Gum  tefuty  Gluten  and  Caoutchouc y arc  three  pe- 
culiar vegetable  principles,  into  the  compofition 
of  which  a confiderable  quantity  of  azot  enters, 
as  they  afford  ammonia  and  oil  by  dry  diftilla- 
tion,  but  no  acid. 

The  acids  peculiar  to  vegetables  are  the  tar- 
taric, citric  ami  gallic,  the  malic,  oxalic,  acetic  and 
pri'Jfii  ; of  thele  however  the  four  latter,  though 
not  originating  in  animal  organization,  may  yet 
bv.  produced  Ly  the  atf  i n of  diffeient  re-agen;s 
on  levcrai  anima'  produdls. 

'fhe  fubftances  common  to  both  vegetable 
and  animal  matter  are  the  following,  viz. 

Sugar.  This  is  contained  largely  in  the 
fteras  of  fome  of  the  grafl'es,  in  die  ne^faries  of 
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all  blolTpms,  in  the  pulp  of  certain  fruits,  and 
in  many  of  the  fleihy  fpindle-fliaped  roots ; 
alfo  in  the  milk  of  animals,  and  in  human  urine 
in  a peculiar  difeafcd  ftate.  It  is  much  more 
abundant  in  the  vegetable  than  in  the  animal 
kingdom,  and  by  deftruftive  dillillation  affords 
a large  proportion  of  empyreumatic  acid  but  no 
ammonia. 

Fixed  oil : 1 his  is  contained  in  moft  feeds, 
and  in  the  pulpy  fruit  of  the  olive,  the  cornel, 
and  perhaps  of  a few  other  plants;  in  animals 
it  refides  in  the  liver,  in  cellular  membrane,  and 
in  milk ; it  appears  to  confill  of  oxygen,  hydro- 
gen and  carbon,  with  little  or  no  azot,  and 
affords  an  acid  by  deftru£live  dillillation. 

Albumen,  Fibrin  and  Gelatin:  thefe  fubftances 
are  of  extre.mely  rare  occurrence  in  the  vege- 
table kingdom,  but  they  conllitute  almoft  tlie 
whole  of  the  foft  parts  of  animals  : they  are 
compofed  for  the  moll  part  of  oxygen,  hydro- 
gen, carbon  and  azot,  and  afford  by  dillillation 
ammonia  and  oil,  but  no  acid. 

Benzoic  and  fihcfphoric  acils : of  thefe,  the 
former  is  found  in  the  vegetable  balfams,  and 
in  the  urine  of  the  horfe,  and  of  a few  other 
quadrup.rds;  the  latter,  combined  with  lime, 
is  very  abundant  in  animals,  conftituting  the 
principal  portion  of  the  bones  and  other  hard 
parts  ; but  is  of  comparatively  rare  occurrence 
in  vegetables,  in  which  it  is  found  in  combina- 
tion with  lime  or  potalli. 

All  the  above  vegetable  principles  may  be 
ultimately  refolved  into  the  following  i 5 fub- 
ftances, viz.  oxygen,  carbon,  hydrogen,  azot, 
fulphur,  phofphoric  and  muriatic  acids,  ox  yds 
of  iron  and  manganefe,  potalh  and  foda,  lime, 
magnefia,  filex  and  alumine,  and  of  thefe  the 
four  firft  conftitute  by  far  the  largell  mafs  of 
vegetable  matter. 

As  all  animal  matter  is  prepared  by  the  pro- 
cefs  of  dlgellion  from  vegetables,  it  is  obvious 
that  each  of  thefe  great  claffes  of  fubftances 
mull  exhibit  in  its  ultimate  analyfis  the  fame 
fimple  fubftances.  It  is  moreover  evident  from 
the  preceding  enumeration  that  not  only  the 
elements,  but  many  of  the  fecondary  principles 
derived  from  them  are  common  both  to  vege- 
tables and  animals,  and  therefore  that  ftriblly 
fpeaking  there  can  be  no  effential  charaSers  by 
which  the  chemift  can  pronounce  decilively 
CO  cerning  any  unknown  fubftance  prefen. cd 
to  his  examination,  that  it  belongs  to  the  animal 
or  vegetable  kingdom.  The  old  chemifts  indeed 
relied  with  confidence  on  the  phenomena 
afforded  by  deftrudlive  dillillation  : if  an  am- 
moniacal  liquor  was  produced  accompanied  by 


the  odour  of  burnt  feathers,  the  fubftance  yield- 
ing it  was  prefumed  to  be  of  animal  crigm  ; 
whereas  if  an  acid  liquor  was  produced  acccitj- 
panied  by  the  odour  of  wood-lmokc,  the  un- 
known fubftance  was  confidered  as  belonging 
to  the  vegetable  kingdom,  and  this,  though  by 
no  means  an  infallible  criterion,  mull  ftul  be 
confidered  as  the  beft  that  can  be  adopted. 
VENUS,  cryftals  of ")  q o 
VERDITEK  |See  Copper. 

VERMILLION.  See  Mercury. 

VESUVIAN.  Volcanic  Schorl,  Volcanic  Chry. 
folite,  Vefuvian  Hyacinth. — Idocraje.  Ilauy. 

Its  colour  is  yellowilh-brown,  paffing  into 
olive  and  leek-green,  clove-brown,  and  fiefti  and 
hyacinth  red. 

It  occurs  in  mafs,  diffeminated,  or  cryftallized. 
The  forms  of  its  cryftals  are, 

1 . A Itrait  four-fided  prifm  truncated  on  the 
edges  and  fometimes  on  the  lolid  angles ; when 
the  prifm  is  ftiort,  the  whole  figure  approaches 
near  to  the  cube,  and  is  occafionally  even  tabular. 

2.  A ftrait  o£tohedral  prifm  terminated  by 
tetrahedral  pyramids  with  truncated  fummits. 

3.  A hexahedral  prifm  with  fingle  and  fome- 
times double  truncatures  on  the  lateral  edges,  fo 
as  to  give  the  cryftal  a cylindrical  appearance. 

The  cryftals  are  middle-fized  or  fmall,  and  are 
either  folitary  or  in  groups,  or  in  drufes ; the 
lateral  faces  arc  flightly  llriated  longitudinally, 
the  others  are  fmooth.  Externally  it  has  a 
brightly  fliining  vitreous  luftre ; internally  its 
luftre  is  gliftening  and  un£luous.  Its  fra£lure  is 
imperfedlly  conchoidal  pafling  into  fine  granular 
and  lamellar.  It  is  ufually  more  or  lefs  tranflu- 
cent ; is  hard,  brittle,  and  eafily  frangible.  Sp. 
gr-  3-36  to  3.42. 

It  fufes  before  the  blow-pipe  without  addition 
into  a yellowifti-green  glafs.  When  ftrongly 
heated  in  a charcoal  crucible,  it  forms  a denle 
clear  nearly  colourlefs  glafs,  with  imbedded 
grains  of  iron  : in  a clay  crucible  it  affords  a 
dark  olive  green  glafs  of  confiderable  luftre. 

Specimens  both  from  Vefuvius  ^nd  Siberia 
have  been  analyfed  by  Klaproth  with  the  fol- 
lowing refults. 

Siberia.  ' 

42.  Silex^ 

34.  Lime 
16.25  -A-Iumine 
5.5  Oxydofiron 


Vefuvius. 
35-5  -T 
33-  — 

22.25  — 

7-5 


0.25  — a trace  Ditto  of  manganefe 


98.5  — 97.75 


It  occurs  in  the  lava  of  Vefuvius  accompanied 
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by  granular  limeftone^felfpar,  mica,  hornblende, 
yeoiite,  garnet,  &c.  The  Siberian  variety  is 
found  in  Kamtfchatka,  at  the  moutli  of  the  river 
Achtaragda,  imbedded  in  fteatite,  and  accom- 
panied by  magnetic  iron. 

VESUVIAN  (of  Kirwan).  See  Leucite. 

VINEGAR.  EJIg,  Germ. 

Vinegar  is  a liquor  of  an  agreeable  fmell,  a 
pleafant  and  ftrongly  acid  tafte,  and  of  a hue 
varying  from  light  red  to  brown  draw  colour,  and 
is  prepared  by  fermenting  any  fub dance  or  com- 
pound which  has  already  undergone  the  fpiri- 
tuous  fermentation.  Vinegar  therefore  may 
be  made  immediately  from  any  wine,  malt 
liquor,  cyder,  &c.  or  from  the  juice  of  the 
grape  and  other  fruits,  from  infufion  of  malt, 
cr  any  faccharine  liquid,  through  the  inter- 
medium of  vinous  fermentation.  Both  thefe 
methods  are  adlually  praGifed  with  compleat 
fuccefs. 

The  chemical  properties  of  the  pure  acid  of 
the  different  kinds  of  vinegar  (which  appears  to 
be  the  fame  In  all)  have  been  already  defcribed 
under  the  article  Acetous  Acid,  and  we  fhall 
therefore  only  mention  the  ufual  proceffes  of 
manufa£fure. 

To  make  vinegar  out  of  a liquor  containing 
fultable  materials.  It  is  only  neceffary,  id.  to 
allow  fome  accefs  of  air  to  the  veffel  in  which 
it  is  kept,  and  id.  to  keep  it  in  a temperature 
rather  higher  than  that  of  the  atmofphere  in 
this  climate,  that  is  to  fay,  about  75°  to  80°. 
It  is  alfo  almod  eflential  where  a liquor  already 
fermented  is  employed,  to  add  a portion  of 
yead,  or  any  other  ferment,  for  though  any 
fermented  liquor  if  kept  in  a moderate  tem- 
perature in  an  open  veflel  will  fpontaneoufly 
run  four  or  become  changed  to  vinegar,  this 
change  is  too  gradual  to  produce  this  acid  in 
perfe£l:ion,  and  the  fird  acetified  portion  turns 
mouldy  before  the  lad  has  become  four.  But 
where  the  fubdance  employed  has  not  yet  un- 
dergone fermentation,  the  whole  procefs  of  the 
vinous  and  fubfequent  acetous  fermentation 
will  go  on  uninterruptedly  with  the  fame  fer- 
ment which  at  fird  fet  it  in  a£lion,  which  hap- 
pens, for  example,  in  the  making  vinegar  from 
mait  or  from  fugar  and  water. 

As  even  vinegar  is  not  the  ultimate  change 
which  a vinous  liquor  fpontaneoufly  affumes, 
there  is  a period  in  the  procefs  of  the  manufac- 
ture in  which  the  acid  is  in  its  highed  degree  of 
drength  and  perfedlion,  after  which  if  the 
procefs  is  not  flopped,  the  liquor  fpeedlly  de- 
teriorates, the  acetous  acid  gradually  difappears, 


and  only  an  offenfive  mouldy  watery  liquid 
remains,  with  fcarcely  any  fournefs.  It  belongs 
therefore  to  the  (kill  and  experience  of  the 
manufacturer  to  know  when  his  vinegar  is 
compleat  and  fit  to  be  drawn  off  and  clofely 
barrelled. 

Vinegar  was  doubtlefs  (as  its  name  imports) 
originally  made  from  wine,  and  this  is  the  ma- 
terial which  furnifhes  it  probably  in  the  greated 
perfection,  and  is  employed  folely  in  the  wine 
countries.  It  is  prepared  by  adding  wine  lees 
to  wine,  which  excites  a new  fermentation  that 
is  kept  up  till  the  whole  is  changed  to  vinegar. 
Any  wine  will  anfwer  the  purpofe  j the  bed 
and  fulled-bodied  wine  gives  the  ftronged  vine- 
gar, and  that  which  is  already  foured  and  in- 
jured by  keeping  may  be  applied  to  this  ufe^ 
The  actual  method  purfued  in  Paris  is  the  fol- 
lowing. ® A quantity  of  wine  lees  is  put  into 
a large  tun,  and  worked  up  with  wine  fufficient 
to  render  it  very  fluid.  4 his  is  then  put  into 
cloth  facks,  which  are  arranged  In  a large  iron- 
bound  wooden  vat,  the  heavy  cover  of  which 
is  laid  over  them  and  ferves  as  a prefs,  that  is 
gradually  fcrewed  down  till  all  the  liquor  is 
preffed  out.  The  wine,  thus  loaded  with  the 
extractive  and  tartareous  matter  of  the  lees,  it 
didributed  in  large  callcs  fet  upright,  through 
the  heading  of  which  a hole  is  cut  which  is 
condantly  left  open.  In  fummer  thefe  calks 
are  fimply  fet  in  the  fun,  but  in  winter  they  are 
arranged  in  a doved  room.  The  fermentation 
comes  on  in  a day  or  two,  and  when  it  has  got 
to  its  height  fo  much  heat  is  excited  that  fome- 
times  the  hand  can  hardly  be  borne  in  it.  In 
this  cafe  it  mud  be  checked  by  a cooler  air, 
and  by  adding  fome  frefir  wine  to  the  calks, 
and  Indeed  it  is  in  a due  regulation  of  the  heat 
that  mod  of  the  practical  Ikill  of  the  maker 
confids.  The  procefs  goes  on  in  this  way  till 
the  whole  of  the  wine  is  thoroughly  acidified^ 
which  requires  about  a fortnight  in  fummer 
and  a month  in  winter ; after  which  the  new 
vinegar  is  put  into  barrels,  at  the  bottom  of 
which  are  laid  a good  many  chips  of  beech 
wood.  Here  it  remains  for  about  a fortnight, 
during  which  time  it  clarifies  and  the  clear  part 
is  then  drawn  off  and  kept  in  well  clofed  calks. 
Thefe  beech  chips  may  be  ufed  over  and  over 
again  for  feveral  years. 

The  natural  colour  of  good  wine  vinegar  is  a 
very  pale  red,  but  a higher  colour  is  given,  if 
defired,  by  the  addition  of  elder-berries. 

There  are  feveral  flight  variations  in  the 
mode  of  making  wine  vinegar,  but  which  need 


Encycl.  Aru  & Met.  Article  Yioaigre. 


V I R 


VOL 


( 469  ) 


not  be  detailed.  They  all  confift  In  exciting  a 
frefh  fermentation  in  wine  and  keeping  it  up  in 
a moderate  degree  till  acecification  is  compleat. 
Many  refufe  parts  of  the  vine  are  of  ufe  for 
this  purpofe,  fuch  as  the  hulks,  the  four  fuccu- 
lent  twigs,  the  marc  or  cake  left  in  the  wine 
prefs,  and  the  like  •,  and  after  they  have  once 
i’erved,  they  are  Hill  more  valuable,  as  the  acid 
which  they  naturally  contain,  or  which  is  evol- 
ved by  them,  is  more  readily  produced. 

Wine  may  alfo  be  converted  to  good  vinegar 
without  thefe  additions,  limply  by  adding  wine, 
efpecially  when  on  the  fret,  to  vinegar  already 
made,  and  expofmg  it  to  a proper  heat.  In  this 
way  many  manufafturers  proceed,  keeping  their 
calks  always  full  by  ta.cing  out  of  them  at  in- 
tervals about  a third  or  fouith  part,  replenilhing 
them  with  wine,  and  again  bringing  the  con- 
tents to  the  ftate  of  vinegar. 

In  this  country  vinegar  is  chiefly  made  from 
malt.  The  following  is  the  ufual  procefs  in 
London.  A malh  of  malt  and  hot  water  is 
made,  which  after  infufion  for  an  hour  and  a 
half  is  conveyed  into  a cooler  a few  inches 
deep,  and  thence,  when  fufficiently  cooled,  into 
Lrge  and  deep  fermenting  tuns,  where  it  is 
mixed  with  yeaft  and  kept  in  fermentation  for 
four  or  five  days.  The  liquor  (which  is  now  a 
ftrong  ale  without  hops)  is  then  diftributed 
into  fmaller  barrels  fet  clofe  togettier  in  a ftoved 
chamber  and  a moderate  heat  is  kept  up  for  about 
fix  weeks,  during  which  the  fermentation  goes 
on  equally  and  uniformly  till  the  whole  is 
foured.  This  is  then  empt  ed  into  common 
barrels,  which  are  fet  in  rows  (often  of  many 
hundreds)  in  a field  in  the  open  air,  the  bung- 
hole  being  juft  covered  with  a tile  to  keep  off 
the  wet  but  to  allow  a free  admilBon  of  air.  Here 
the  liquor  remains  for  four  or  five  mdViths, 
according  to  the  heat  of  the  weather,  a gentle 
fermentation  being  kept  up,  till  it  becomes  per- 
fedl  vinegar.  This  is  finifhed  in  the  following 
way.  Large  tuns  are  employed,  with  a falfe 
bottom,  on  which  is  put  a quantity  of  the  refufe 
of  railins  or  other  fruit  left  by  the  makers  of 
raifin  and  other  home-made  wines,  called  tech- 
nically rape.  Thefe  rape  tuns  are  worked  by 
pairs;  one  of  them  is  quite  filled  with  the 
vinegar  from  the  barrels,  and  the  other  only 
three-quarters  full,  fo  that  the  fermentation  is 
excited  more  eafily  in  the  latter  than  the  for- 
mer, and  every  day  a portion  of  the  vinegar  is 
laded  from  one  to  the  other  till  the  whole  is 
completely  finiftied  and  fit  for  fale. 

Vinegar,  as  well  as  fruit-wines,  is  often  made 


in  fmall  quantity  for  domeftic  ufes,  and  the 
procefs  is  by  no  means  difficult.  The  materials 
may  be  either  brown  fugar  and  water  alone,  or 
fugar  with  raifins,  currants,  and  el'pecially  ripe 
goofeberries.  Thefe  fliouid  be  mixed  in  the 
proportions  which  would  give  a ftrong  wine, 
put  into  a final!  barrel,  which  it  fliculd  fill 
about  three-fourths,  and  the  bung-hole  very 
loofely  ftopped.  borne  yeaft,  or,  what  is  better, 
a toait  flopped  in  yeaft  lliould  be  put  in,  and  the 
barrel  fet  in  the  fun  in  lummer,  or  a little  way 
from  a fire  in  winter,  and  the  fermentation  will 
foon  begin.  This  Ihould  be  kept  up  conftant 
but  very  moderate,  till  the  tafte  and  fmell  in- 
dicate that  the  vinegar  is  compleat.  It  Ihould 
be  poured  off  clear  and  bottled  carefully,  and 
it  will  keep  much  better  if  it  is  boiled  for  a 
minute,  cooled  and  {trained  before  bottling. 

Vinegar  contains  a confuierable  quantity  of 
colouring  extra£tive  matter,  from  which  it  can 
only  be  freed  by  diftillation,  the  procefs  of 
which,  together  with  the  chemical  properties  of 
this  acid,  have  been  mentioned  under  the  article 
Acetous  Acid. 

When  vinegar  is  long  kept,  efpecially  expofed 
to  the  air,  it  becomes  muddy,  acquires  a mouldy 
unpleafant  fmell,  lofles  its  clear  red  colour  and 
all  its  properties,  and  finally  is  changed  to  a 
flimy  mucilage  and  water. 

VITAL  AIR.  See  Oxygen. 
VITRIFICATION.  See  Glass. 

VITRIOL,  native.  Naturlicher  Vitriol. 
Wern. 

Its  colour  is  greyifh  or  yellowifh-white,  apple 
or  verdigris-green,  or  flcy-blue  ; when  decompo- 
fing  it  is  covered  with  an  ochery  cruft.  It  occurs 
in  mafs,  difleininated,  ftalaftitical  and  capillary. 
Externally  it  is  rough  and  dull,  internally  it  is 
more  or  lefs  fhining,  with  a vitreous  or  filky 
luftre.  Its  fraflure  is  generally  fine  and  ftrait 
fibrous,  fometimes  alfo  lamellar  or  conchoidal. 
It  is  floft,  brittle,  tranflucent,  and  has  an  acerb 
metallic  flavour.  It  is  more  or  lefs  foluble  in 
v'ater,  and  is  a mixture  in  various  proportions 
of  the  fulphats  of  iron,  copper,  and  zinc. 

It  not  unfrequently  occurs  in  caverns  and 
fhafts,  in  argillaceous  fchiftus,  and  in  old  mines, 
efpecially  fuch  as  abound  in  blende  and  pyrites. 

VITRIOL  blue.  See  Coppek,  Sulphat  of. 

VITRIOL  green.  See  Ikon,  Sulphat  of. 

VITRIOL  white.  See  Zinc,  Sulphat  of. 
VIFRIOLATED  TARTAR.  See  Sul- 
phat of  Potafh. 

VITRIOLIC  ACID.  See  Sulphuric  Acjd, 
VOLATILE  ALICALI.  See  Ammonia. 
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Its  colour  is  g°nerary  a deep  greeuifli-grey, 
pafii  ig  to  greenifli  and  greyidi  black  ; it  is  alfo 
not  iiufrequently  fpotred  reddifli  or  brownifli. 
It  occurs,  in  mafs  and  cellular;  the  cells  being 
either  empty  or  filled  with  other  minerals.  In- 
ternally it  is  dull.  Its  fra£Iure  is  even,  pafiing 
into  uneven  and  earthy.  Its  fragments  are  inde- 
terminate and  blunt-edged.  It  is  opake,  ac- 
quires a little  luftre  by  fridlion,  is  foft  and 
cafiiy  frangible it  is  fomswhat  unftuons  to 
the  touch.  Sp.  gr.  2.53  nr:  2.F9.  It  is  readily 
fulible  by  itfelf  before  the  blow-pipe  into  a black 
glafs. 

It  belongs  to  the  more  recent  of  the  rocks  of 
trap-formation,  and  not  unfrequently  inciofts 
petrified  wood  and  other  organic  remains.  It 
occurs  in  beds,  and  veins,  and  forms  the  bafe  of 
many  of  the  amygdaloids. 

The  cavities  in  the  cellular  variety  generally 
contain  green  earth, jcalcareous  fpar,  8cc.  It  is 
often  mixed  with  cryftals  of  bafaltic  hornblende, 
with  black  mica,  magnetical  iron  ore,  and 
native  bifmuth. 

For  further  particulars  fee  Trap. 
WALKERER.  E.  See  Fuller’s  Earth. 
WATER.  E:iu,Fr.  mfer,  Germ. 

Water  at  the  common  temperature  is  a per- 
fe£Uy  tranfparent  inelaftic  fluid,  of  a very  pale 
bluilh-green  colour  when  in  large  malTes,  and 
entirely  deftitute  of  flavour  and  odour.  In  or- 
dinary circumftances  it  retains  its  liquid  form 
only  between  the  two  extremes  of  32"  and  212° 
of  Fahrenheit’s  thermometer,  but  when  fub- 
jedled  to  great  prefluie,  as  in  Papin’s  digefter, 
it  is  able  to  fuitain  nearly  a red  heat  without 
being  converted  into  fleam  ; and  on  the  other 
hand  when  the  preflure  of  the  atmofphere  is 
removed,  by  inclofing  it  in  an  exhaufted  re- 
ceiver, it  is  convertible  into  elaftic  vapour 
by  a temperature  hardly  exceeding  yo°.  Its 
point  of  congelation  alfo  may  be  proti'adled,  by 
cautioufly  cooling  it  down  without  agitation, 
to  about  22”  ; but  at  this  temperature  a flight 
friftion  is  fufficient  to  determine  the  inftant 
folidificat'ton  of  the  mafs,  which  is  attended  by 
a very  fenfible  evolution  of  heat,  as  we  have 
fliewn  at  large  in  the  article  Caloric.  Water, 
like  other  inelaftic  fln’ds  is  nearly  though  not 
abfolutely  incomprt>  e.  The  fpecific  gravity 
of  water  at  60°  is  rr:  i.p,  this  liquid  being 
univerfally  adopted  as  that  to  which  the  fpecific 
gravities  of  all  other  bodies  are  to  be  compared, 
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and  by  which  they  are  to  be  adjufted.  Other 
liquids  increafe  in  denfity  by  an  uniform  pro- 
greffion  according  to  the  cold  to  which  they 
are  expofed,  but  in  water  the  period  of  greateft 
denfity  is  at  the  temperature  of  42°  F.  and  from 
this  poin-t  equal  degrees,  whether  of  cold  or 
heat,  produce  equal  changes  of  fpecific  gravity, 
fo  that  water  at  3 ° and  at  52°  poflefles  the 
fame  degree  of  denfity.  The  abfolute  weight 
of  a cubic  foot  of  water  at  40°,  appears  from 
fome  very  accurate  experiments  by  Lefevre 
Gineau  to  be  ir::  437102  grs.  troy,  or  .999.09 
ounces  avoirdupois  ; and  the  weight  of  a like 
bulk  of  water  at  55“  is  ftated  by  Prof.  Robifqn 
at  998.74  ounces  avoirdupois.  The  weight 
of  a cubic  inch  of  water  at  the  fame  tempera- 
ture is  :z=:  253.03  grs.  but  according  to  the 
experiments  of  Sir  G.  S.  Evelyn,  as  corredled  by 
Mr.  Fletcher,  it  is  252.506.  See  the  Ap- 
pendix of  IVeights  and  Meafiires. 

At  32°  Fahr.  as  we  have  already  mentioned, 
water  becomes  folid,  and  in  doing  fo,  aflumes  a 
true  cryftalline  texture : if  a flallc  of  water  b® 
fet  in  a moderate  freezing  mixture  till  a con- 
fiderable  part  is  frozen,  and  the  fluid  portion 
be  then  poured  off,  there  will  be  perceived  aci- 
cular  cryftals  Ihooting  from  the  mafs,  and 
crolfing  each  other  at  angles  of  60  and  1 20  de- 
grees ; fometimes  alfo,  though  rarely,  there 
may  be  perceived  tetrahedral  prifms  terminated 
by  dihedral  fummits.  Ice  when  at  a low  tem- 
perature is  confiderably  hard,  tough,  and  elaftic: 
at  the  celebrated  palace  of  ice  conftru£led  one 
winter  at  Peterfburgh  by  order  of  the  late  Em- 
prefs  Catharine,  there  were  cannon  made  of  this 
material,  which  fuftained  fevcral  difeharges  with- 
out burfting.  The  fpecific  gravity  of  ice  is  con- 
fiderably lefs  than  that  of  water,  in  confequence 
of  whicli  it  floats  upon  its  furfacc  ; a part  of  this 
buoyancy,  however,  is  to  be  attributed  to  the 
bubbles  of  air  entangled  in  its  fubftance,  which 
‘are  difengaged  by  common  water  in  the  a£l  of 
congelation.  The  expanfive  force  of  water  while 
converting  into  ice  is  fo  prodigious  that  its  li- 
mits have  not  yet  been  afeertained  : the  moft 
interefting  experiments  on  this  fubje<ft  are  thofc 
performed  by  Major  Williams  at  Quebec;* 
bomb-ftrelis  about  13  inches  in  diameter,  and 
with  a thicknefs  of  metal  exceeding  2 inches, 
M'^ere  filled  with  water ; the  fufe  holes  were 
then  plugged  up  with  iron  bolts,  and  'he  fticlls 
thus  charged  were  -expofed  to  the  open  air  at 
a temperature  between  — 4°  and  — 19°:  at 
Tranf.  Vol.  II. 
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the  moment  of  congelation  the  plugs  were 
thrown  out  with  a hilTuig  noife  to  a dif- 
tance  of  300  or  400  feet,  while  a column  of 
ice  rofe  at  the  fame  time  through  the  fufe  hole 
tp  the  heighth  of  feveral  inches  : when  the  plug 
was  fecured  by  llrong  fprings  fo  as  to  render 
it  almoll  impoffible  to  force  it  out,  the  fhell 
itfelf  burft  with  a fudden  crack,  and  two  thin 
plates  of  ice  forced  their  way  at  the  fame  time 
through  the  aperture.  The  greatefl;  difference 
obferved  in  thefe  experiments  between  the  bulk 
of  water  before  and  after  congelation^  was 
: 174: 184. 

Water,  under  the  ordinary  atmofpheric  pref- 
fure,  is  converted  into  Ileam,  at  212°  of  tem- 
perature, and  by  fo  doing  it  expands  to  about 
1800  times  its  former  bulk:  the  elaftic  force 
which  it  thus  acquires  is  very  confiderable,  and 
conftitutes  the  moving  power  of  that  molt  im- 
portant machine,  the  Ileam  engine.  Steam 
readily  and  entirely  condenfes  into  water  as  it. 
cools,  and  it  is  in  this  way,  that  is  by  diltilla- 
tion,  that  pure  water  is  obtained  ; for  the  molt 
delicate  chemical  ufes,  the  dillillation  muft  be 
carried  on  in  giafs  veflTeis,  and  even  with  every 
poffible  precaution  it  is  by  no  means  eafy  to 
obtain  this  fluid  of  abf.lute  purity. 

It  does  not  appear  that  mere  heat  is  capable 
of  eft'  £tingany  change  i i water,  for  fleam  may 
be  p.ifled  through  a red  hot  giafs  tube, and  be  con- 
denfed  at  the  other  end  again  into  pure  water. 

A confider.ible  ailViiiy  fubfilts  between  water 
and  atmofpheric  air;  for  if  this  fluid  r.cently 
dillilled  be  expofed  for  a few  days  to  the  air, 
and  afterwaros  be  boiled  or  fubje^^ed  to  the 
a<Tion  of  the  air-pump,  a cotifulerable  quantity 
of  bubbles  of  gas  will  be  difengaged  ; there  Hill 
however  remains  a portion  combined  with  the 
water  which  it  is  very  diflicult  to  get  rid  of 
even  by  long  boiling. 

Oxygeti  gas  is  ablorbed  by  water  in  preference 
to  atmofpheric  air,  and  by  means  of  ftrong 
agitation  and  preflure  according  to  the  experi- 
ments of  M Paul,  of  Geneva,  too  cubic  inches 
of  this  fluid  may  be  made  to  take  up  50 
cubic  inches  of  o.xygen  gas,  33  cubic  inches 
of  1 ydrogen  and  66  cubic  inches  of  car- 
buretted  hydrogen.  Water  thus  highly  charged 
efFervefees  when  the  extraordinary  preflure 
is  taken  off,  and  in  this  ftate  has  been  ufed 
as  a medicine.  Any  other  of  the  permanent 
gaff.s  may  in  like  manner  be  combined  wiih 
warer,  as  w'e  have  mentioned  when  treating  of 
thefe  fubftances.  For  the  proportions  of  dift'er- 
ent  gafibs  which  water  at  the  common  preflure 
is  capable  of  taking  up,  fee  the  article  Gas. 


Water  is  capab'e  of  combining  with  and  dif- 
folving  the  acids,  the  alkalies  and  alkaline 
earths,  and  all  the  compound  falts  ; with  feve- 
ral  of  thefe  fubllances  it  unites  in  two  proper-* 
tions,  forming  in  one  cafe  a folid,  and  in  the 
other  cafe  a fluid  compound ; thus  if  calcined 
gypfum,  or  barytes,  or  time,  or  fulphat  of  foday 
are  mixed  with  a certain  proportion  of  water, 
the  relulting  m.ifs  is  quire  as  .folid  as  before, 
and  during  this  lirll  combination  a quantity  of 
heat  is  conllantly  extricated,  but  if  to  the  falts 
thus  faturated  u ere  water  is  added,  folution 
takes  place,  and  cold  is  generated.  From  this 
'folution  the  fait  may  again  be  in  moll  cafes 
procured,  by  evaporation  and  cooling,  in  a cryf- 
talline  form,  in  which,  though  folid,  it  is  ftill 
faturated  with  water : this  proportion  of  water 
appears  to  be  necefl'ary  to  the  cryltalline  form' 
of  the  fait,  and  hence  is  ufualiy  called  its  water 
of  cryfalli-zatton  ,•  by  a dry  heat  it  is  driven  off 
and  the  lalt  alone  rermiins  in  a pulverulent  or 
amorphous  ftate. 

A confiderable  affinity  fublifts  between  water 
and  alcohol : if  determinate  bulks  of  thefe  two 
fluids  be  mixed  together,  the  reiulting  mafj 
will,  be  found  to  have  a fpecific  gravity  luperior 
to  that  of  the  mean  of  the  ingredients,  and 
a fenfible  degree  of  heat  will  be  difengaged 
during  mixture : there  appears  however  to  be 
no  point  of  mutual  faturation,  as  they  will  com- 
bine together  in  all  proportions.  Refins  and 
moft  other  fubftances  infoluble  in  water,  but 
foluble  in  alcohol,  are  precipitated  from  their 
folution  by  the  addition  of  this  latter  fluid ; 
as  on  the  other  hand  all  falts  that  are  foluble 
in  water  but  not  in  alcohol  are  precipitated  by 
means  of  tiiis  from  their  watery  folution. 

Kther  and  water  are  capable  of  uniting  in 
two  dilFerent  proportions.  If  equil  bulks  of 
the  two  fluids  are  Ihaken  together,  and  then 
allowed  to  reft  for  a few  feco.uls,  tlie  mafs  will 
divide  info  two  diltindl  liquids,  of  wl'ich  the 
upper  and  ligluer  is  ether  holding  a little  v\  ater, 
and  the  loxA-’r  and  denftr  is  water  cominiied 
with  a little  ether.  1 hat  ether  faturatedwith 
water  is  chemically  dilFerent  from  pure  ether, 
appears  from  its  being  able  to  dilFolve  caout- 
chouc, which  this  fluid  when  pure  is  incapable 
of  doing. 

None  of  the  Ample  combuftibles  appear  to  be 
foluble  in  water,  nor  have  they  any  marked 
a£ii  .n  on  this  fluid  at  the  common  cempera- 
t ire.  Fven  at  a much  iiigher  he;.t  liydng^n 
and  Ileam  exert  no  mutual  aclion  on  each 
otlier.  The  effect  of  ho:  melted  fulg'mr  on 
water  is  dubious,  and  that  of  phofphorus  has 
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not  been  examined  : it  is  faid  that  a mixture 
of  pholph'jrus  and  fulphur  at  a boiling  heat 
decompofes  .water,  phol'pliuretted  and  lulphu- 
retted  hydrogen  gas  being  diiengagcd.  I3ut  of 
all  the  combuftibles  charcoal  has  the  moft 
marked  adtion  on  water  : if  a glafs  or  earthen- 
ware tube  be  filled  with  pieces  of  charcoal, 
and  then  heated  red  hot,  and  if  fteam  be  paffed 
into  it  in  this  fituation,  both  the  water  and 
charcoal  will  by  degrees  difappear,  and  there 
will  be  generated  a prodigious  quantity  of 
mixed  gas,  confiding  of  carbonic  acid,  oxyd  of 
carbon,  and  carburetted  hydrogen. 

Of  the  m.etallic  fubdances,  iron,  zinc,  tin, 
and  manganefe  decompofe  water  by  the  alfid- 
ance  of  heat,  hydrogen  gas  being  produced, 
and  the  metals  being  reduced  to  the  date  of 
oxyd.  Gold,  filver,  platina,  and  copper  have 
no  action  on  water  even  at  a red  heat ; the 
efFe£f  of  the  other  metals  has  not  been  exa- 
mined. 

The  compofition  of  water  is  one  of  the  main 
pillars  on  which  the  theory  of  Lavoifier  reds, 
it  will  therefore  be  proper  to  enter  fomewhat 
at  lar^e  into  the  fubje£f. 

Water  was  confidered  by  the  ancient  philofo- 
phers,  as  a fimple  elementary  fubdance,  unde- 
compofable,  but  which  by  mixture  with  other 
bodies  condituted  the  principal  part  of  the 
nutriment  of  animals  and  vegetables.  The  fird 
modification  of  this  theory  was  by  Van  Hel- 
mont,  who  having  raifed  plants  fuccefsfully  in 
pure  water,  concluded  that  this  fluid  alone 
is  convertible  into  all  the  vegetable  principles. 
Soon  after,  Boyle  having  procured  earthy  fcales 
by  long  digedion  of  water  in  glafs  veflels  her- 
metically fealed,  concluded  that  this  fluid  was  in 
part  at  lead  convertible  into  earth : Margraaf 
obtained  the  fame  refult  from  the  repeated  flow 
didillation  of  water  in  glafs  veflels.  But 
though  there  was  no  inaccuracy  in  the  fa£f,  it 
was  demondrated  by  Lavoifier  that  the  veflels 
themfelves  during  the  procefs  lod  a portion  of 
their  weight  exactly  equal  to  that  of  the 
earth  produced,  and  therefore  that  the  earth 
was  in  all  probability  derived  not  from  the 
water,  but  from  the  glafs ; a conclufion  which 
■was  further  confirmed  by  Dr.  Priedley,  who 
fatisfadforily  diowed  that  water  by  long  con- 
tact with  glafs  at  a high  temperature,  always 
decompofes  a part  of  it,  probably  in  confequence 
of  its  affinity  for  the  alkali. 

While  thefe  difeuffions  were  going  on,  the 
difeovery  of  the  gafleous  fubdances  commenced 
and  foon  led  to  an  entirely  new  theory  concern- 


ing the  composition  of  water.  The  fird  fa£f  of' 
any  importance  was  obferved  by  Macquer  who 
found  that  a bottle  filled  with  hydrogen  gas 
and  expofed  to  the  air  burnt  with  a lambent 
blue  flame  unaccompa^iied  by  any  fmoke,  and 
that  the  ii.fide  of  the  veflel  after  the  combudion 
was  lined  with  drops  of  a fluid  which  appeared 
to  be  water.  Some  time  afterwards  Dr.  Pried- 
ley exploded  in  a glafs  veflel  a mixture  of 
oxygen  and  hydrogen  gas,  and  found  that  the 
veflel  became  mold  in  the  infide,  and  was  lined 
with  » black  matter,  fuppofed  by  Dr.  P.  to 
originate  from  the  mercury  by  which  the  gaffes 
were  confined. 

Induced  by  the  above  refults,  Mr.  Cavendilh’’, 
in  1781,  mixed  together  500000  grain  mea- 
fures  of  hydrogen  gas  from  zinc  and  fulphuric 
acid,  and  about  2j  times  as  much  of  atmofpheric 
air  : by  combudion  the  bulk  of  the  mixture  was 
diminifhed  to  about  f of  that  of  the  latter  gas, 
there  were  obtained  135  grs.  of  pure  water.  In 
order  to  repeat  the  experiment  in  a more  unex- 
ceptionable manner  he  exploded  a mixture  of 
19000  grain  meafures  of  oxygen  gas  and  37000 
of  hydrogen  gas:  2950  grain  meafures  remained 
unconfumed,  and  there  were  obtained  30  grs. 
of  an  acidulous  fluid,  which  appeared  to  be  a 
mixture  of  water  with  a little  nitric  acid. 
In  another  experiment  the  proportion  of  hydro- 
gen was  increafed,  and  the  refulting  fluid  ap- 
peared to  be  pure  water,  being  wholly  free  from 
any  acid.  From  thefe  he  drew  the  conclufion 
that  the  appearance  of  nitric  acid  was  owing  to 
accidental  impurities,  and  that  water  was  com- 
pofed  of  oxygen  and  hydrogen.  Soon  after 
Lavoifier  and  La  Place  performed  a fimilar  ex- 
periment, from  which  they  obtained  295  grs.  of 
pure  water,  and  accordingly  concluded  that 
water  was  compofed  of  oxygen  and  hydrogen. 
Another  well-condu£led  experunent  with  the 
fame  view  was  executed  by  Le  Fevre  de  Gineau, 
of  which  the  following  are  the  principal  parti- 
culars. 35085,1  cubic  inches  of  oxygen  gas 
obtained  from  black  oxyd  of  manganefe,  and 
weighing  254  gros.  10.5  grains,  were  exploded 
with  74967.4  cubic  inches  of  hydrogen  gas 
procured  from  foft  iron  and  diluted  fulphuric 
acid,  and  weighing  66  gros.  4.3  grains;  hence 
the  whole  weight  of  the  gaffes  operated  on  was 
320  gros.  14.8  grains.  After  the  combuftion 
there  remained  39  gros.  23  grains  of  elaftic  fluid 
confifting  of  a mixture  of  oxygen,  azot,  and  car- 
bonic acid,  hence  th§  amount  of  gas  which  had 
difappeared  amounted  to  280  gros.  63.8  grains. 
But  there  was  produced  280  ^ros.  30  grains  of 
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atl  acidulous  liquor,  confifting  of  water  with  a 
little  nitric  acid,  the  lofs  of  weight  in  the  whole 
experiment  being  only  33.9  grains. 

The  moll  fatisfatl:ory  experiment,  however, 
on  this  important  fubje£l,  was  made  in  1790, 
by  Vauquclin,  Fourcroy,  and  Seguin.  The 
oxygen  employed  by  them  was  procured  from 
oxymuriat  of  potalh,  and  the  hydrogen  from  zinc 
and  diluted  fulphuric  acid  : of  the  former  the 
amount  was  13475.198  cubic  inches,  and  of 
the  latter  =125980.563  cubic  inches:  the  corn- 
bullion  was  carried  on  very  llowlyj  and  there- 


fore laded  feveral  hours,  at  the  expiration  of 
which  time  there  remained  987  cubic  inches  of 
gas,  confiding  of  the  following  ingredients,  viz. 
467  Azot 
465  Oxygen 
39  Carbonic  Acid 
16  Flydrogen 


987 

The  proportions  of  the  galTes  that  had  difap- 
peared  were  edimated  at 


Hydrogen  =:  25963.563  cub.  inch  1039.358  grs. 
Oxygen  =;  12570.942  cub.  inch  — 6209.869  grs. 


and  the  quantity  of  water  produced  was 
=17245  grs.  which  is  as  near  an  approximation 
to  that  of  the  gall’es  confumed  as  can  podibly  be 
expelled  in  experiments  of  this  kind.  The 
water  was  fubjedled  to  all  the  ufual  chemical 
teds,  and  appeared  to  be  quite  pure ; there 
remains  therefore  no  polTible  obje£lion  to  the 
obvious  conclufion  from  this  experiment  except 
the  appearance  of  the  carbonic  acid  and  azot  in 

Lavoifier  ....  15. 

Le  Fevre  Gineau  . 15.2 

Vauquelin  & Fourcroy  14.33 

The  only  obje£lion  that  has  been  urged 
againd  the  above  proof  of  the  compofition  of 
water  is  the  following  by  Dr.  Priedley.  This 
philofopher  having  concluded,  upon  as  we  think 
infufheient  grounds,  that  the  greated  part  of  the 
ponderable  portion  of  all  gaffes  is  water,  main- 
tained that  in  the  combudion  of  oxygen  and 
hydrogen  gas  the  water  that  appeared  was 
merely  precipitated,  and  that  the  real  oxygen 
and  hydrogen  combined  together,  forming  the 
refidual  azot  or  nitric  acid  according  to  circum- 
dances.  To  this  however  it  may  be  replied, 
that  the  oxygen  from  manganefe,  and  from 
mod  of  the  other  fources  from  which  it  is  pro- 
cured, may  readily  be  proved  by  the  common 
eudiometrical  procefles  to  be  mixed  with  a fmall 
contamination  of  azot ; that  Mr.  Cavendifli  and 
others  have  very  fatisfaftorily  proved  that  the 
proportion  of  nitric  acid  or  azot  obtained  de- 
pends wholly  on  the  previous  impurity  of  the 
gaffes  employed  ; and  thirdly,  that  according 
to  Dr.  P’s.  hypothefis,  real  oxygen  and  hydro- 
gen mud  be  both  of  them  entirely  imponderable 
fubdances,  for  in  thofe  cafes  where  no  nitric 
acid  appears  after  the  combudion  of  the  two 
gaffes,  but  only  a fmall  portion  of  azot,  he 
mud  fuppofe  not  only  that  this  fmall  refidue  of 
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the  refidual  gas.  Of  thefe  the  former  may  be 
accounted  for  by  fuppofing  that  a little  of  the 
carbon  which  zinc  always  contains,  was  taken 
up  by  the  hydrogen  and  underwent  combudion 
together  with  it ; the  azot  was  probably  an  ac- 
cidental impurity  introduced  wdth  the  oxygen. 

The  proportion  of  the  ingredients  that  com- 
pofe  w'ater,  as  deduced  from  the  preceding 
experiments,  are  according  to 

of  Hydrogen  to  85.  of  Oxygen 
84.8 
85.66 

azot  contains  the  whole  j)f  the  real  oxygen  and 
hydrogen,  but  that  as  this  azot  dill  retains  its 
gaffeous  form  it  mud  dill  confid  almod  entirely 
of  water. 

The  effe£ls  of  ele£lricity  on  water  ferve  as  a 
further  proof  of  the  modern  doddrine  relative  to 
its  compofition  : by  palTing  fhocks  along  an  in- 
terrupted golden  or  platina  wire  immerfed  in 
water,  bubbles  of  gas  are  obferved  to  be  difen- 
gaged  at  every  explofion,  and  when  a quantity 
of  air  has  been  thus  colle£led,  if  an  ele£lrical 
diock  Is  pafled  into  it,  an  explofion  immediately 
fucceeds,  water  is  formed,  and  the  gas  difap- 
pears,  with  the  exception  of  a minute  portion 
which  is  probably  atmofpheric  air  previoufly 
held  in  folution  by  the  water. 

The  a£lion  of  certain  of  the  metallic  bodies, 
when  heated,  on  deam  palTed  over  their  fur- 
face,  was  fird  adduced  by  Lavoifier  as  a proof 
of  the  decompofition  of  water,  and  his  deduc- 
tions have  been  acquiefeed  in  by  mod  fucceed- 
ing  chemids.  A quantity  of  foft  iron  wire 
being  put  into  a glafs  tube  and  heated  red  hot, 
100  grs.  of  water  in  the  form  of  deam  were 
flowly  paffed  into  the  tube ; the  w'ater  difap- 
peared,  416  cubic  inches  of  hydogen  gas 
weighing  15  grs.  were  produced,  and  the  iron 
3 o 
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wire  was  converted  into  a black  brittle  oxyd 
weighing  85  grs.  more  than  at  fird.  In  this 
proceis,  lays  Lavoifier,  the  water  is  decompofed, 
its  oxygen  being  abforbed  by  the  iron,  and  its 
hydrogen,  the  other  component  part,  being 
liberated  in  the  form  of  gas.  Dr.  Pried  ley, 
however,  though  he  admits  the  faft,  explains  it 
in  the  following  manner.  The  water,  accord- 
ing to  him,  in  part  unites  with  the  phlogidon 
of  the  metal  forming  hydrogen  gas,  while  the 
red  of  the  water  combines  with  the  calx  of  the 
iron.  That  this  black  calx  really  contains  water 
he  endeavours  to  diow  by  the  following  com- 
parative experiment.*  A quantity  of  fcales  of 
iron  and  of  red  oxyd  of  mercury  were  mode- 
rately heated,  in  order  to  render  them  as  dry  as 
polhble,  they  were  then  each  put  into  glafs 
receivers  of  the  fame  fize  and  form,  inverted 
in  dry  mercury,  and  afterwards  filled  with  hy- 
drogen gas  from  the  fame  velTel.  The  focus  of  a 
burning  lens  was  then  thrown  upon  the  metal- 
lic oxyds,  and  it  was  found  that  by  the  time  4 
ounce  meafures  of  the  inflammable  gas  were 
abforbed  by  the  iron,  the'  water  was  running 
down  the  fide  of  the  receiver  in  drops,  whereas 
although  the  mercurial  oxyd  was  heated  till  8 
ounce  meafures  of  gas  were  abforbed,  there  was 
hardly  any  fenfible  quantity  of  water  produced. 
If  this  experiment  is  accurately  reported  (and 
there  feems  no  reafonable  ground  for  fufpicion) 
it  follows  not  that  the  phlogillic  theory  is  true, 
but  that  the  theory  of  the  decompofition  of 
water  can  derive  no  confirmation  from  it.  It  is 
indeed  not  improbable  that  there  is  a real  differ- 
ence between  finery  cinder  or  fcales  of  iron, 
and  the  black  ethiops  of  the  fame  metal,  the 
latter  being  a fimple  oxyd,  and  the  former 
a hydrat,  that  is  to  fay,  a combination  of  oxyd 
with  water. 

Upon  the  whole  it  appears  that  the  only  per- 
fectly unequivocal  evidence  for  the  compofition 
of  water  is  derived  from  thofe  experiments  in 
which  it  is  aCtually  produced  by  the  combuftion 
of  determinate  proportions  of  oxygen  and  hy- 
drogen, and  from  thofe  in  which  it  is  firfl 
decompofed  and  afterwards  recompofed  by  the 
agency  of  the  eleCtric  fluid.  Thefe  experiments 
however  have  been  performed  with  fuch  parti- 
cular care  by  the  moft  accurate  and  intelligent 
chemifts  of  the  age,  that  no  faCt  in  the  whole 
circle  of  chemical  fcience  is  more  fatisfaCtorily 
demonftrated. 

WATERS.  Mineral. 

Every  natural  water  which  flows  on  the  earth. 


or  is  found  beneath  its  furface,  holds  fome  fo- 
reign matter  in  folution,  which,  if  it  does  not 
fenfibly  impart  fome  peculiarity  in  tafte,  fmell, 
and  phyfical  properties,  may  at  leaft  be  deteCled 
by  chemical  means ; and  when  the  quantity  or 
nature  of  this  foreign  ingredient  is  fuch  as  to 
give  obvious  fenfible  or  medicinal  properties,  it 
is  ufually  called  a mineral  water.  The  fait 
M'aters  of  the  ocean  and  of  fome  large  inland 
lakes,  are  however  excluded  from  this  definition, 
though  in  every  other  point  of  view  they  are 
full  as  interefting  as  the  fmaller  and  compara- 
tively rare  fprings,  which  have  the  appellation  of 
mhieral. 

The  high  importance  attached  to  mineral 
waters  has  firft  arifen  from  the  extenfive  cele- 
brity which  they  have  acquired  in  the  cure  of 
difeafes  ; a celebrity  which  many  of  them  main- 
tain to  the  prefent  moment : and  they  are  equally 
interefting  to  the  chemift  on  account  of  the  va- 
riety of  fubftances  contained  in  them,  and  the 
mode  of  their  chemical  union,  and  as  often 
illuftrating  the  difficult  fcience  of  geology. 

The  analyfis  of  mineral  waters  has  (as  might 
be  expeUedJ  been  benefited  by  all  the  improve- 
ments which  have  been  progreffively  made  in 
general  chemiftry,  and  the  fubje£f  has  been  in 
particular  elucidated  by  the  labours  of  many 
excellent  chemifts  efpecially  diredted  to  this 
objedl.  It  is  ftill  however  in  many  cafes  com- 
plicated and  difficult,  and  requires  confiderable 
Ikill  and  minutenefs  in  manipulation,  as  the 
fubftances  operated  on  are  always  in  fmall  quan- 
tity and  often  numerous. 

The  fubftances  hitherto  found  In  natural 
waters  are  the  following  : 

1.  Oxygen  Gas,  in  fmall  quantity,  was  firft 
detected  by  Scheele.  It  is  contained  in  almoft 
every  fpring  water,  but  never  exceeds  about 

of  its  bulk,  and  generally  is  lefs.  It  exifts 
in  very  loofe  combination,  and  gives  no  fenfible 
properties  to  the  water.  It  is  incompatible 
with  fulphuretted  hydrogen  and  with  fuiphat  of 
iron,  and  therefore  cannot  be  prefent  when 
thefe  are. 

2.  A%otic  Gas,  In  fmall  quantity  and  in  loofe 
combination  exifts  in  fome  waters,  fuch  as  that 
of  Buxton,  and  at  the  fame  time  a large  quantity 
of  it  ufually  riles  in  its  gafeous  form  along 
with  the  water,  and  palTes  through  it  in  large 
bubbles.  This  alfo  gives  no  obvious  fenfible 
properties. 

3.  Common  Air  is  contained  In  fmall  quantity 
in  all  natural  waters,  from  which  the  laft  por- 
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tions  are  with  great  difficulty  feparated.  This 
alfo  produces  no  fenfible  change  in  water. 

4.  Carbonic  Acid.  Alnioft  all  natural  waters 
contain  a portion  of  this  gafeous  acid,  but  which 
varies  extremely  from  — ^ or  lefs  of  the  bulk 
of  the  water,  to  an  equal  bulk.  When  the 
quantity  is  about  yV»  ^r>d  uncombined  with  any 
other  bafe,  it  gives  an  agreeable  pungency  to 
the  tafte,  and  a fparkling  appearance. 

Carbonic  acid  is  found,  either  totally  unac- 
companied with  any  other  fubftance  with 
which  it  has  any  afhnity,  or  totally  united 
with  an  alkaline,  earthy,  or  metallic  bafis ; or 
more  commonly  partly  combined,  and  partly  in 
excefs  (that  is  to  fay,  more  than  fufficient  to 
faturate  the  bafe)  and  by  its  excefs  rendering 
the  bafe  foluble,  or,  if  this  excefs  is  ftill  greater, 
imparting  to  the  water  the  fame  pungency  as  if 
it  were  entirely  unaccompanied  by  any  other 
body.  The  only  carbonats  hitherto  found  in 
mineral  waters  are  the  carbonats  of  foda,  mag- 
nefia,  lime,  and  iron.  Of  thefe  the  two  former 
are  foluble  in  water,  without  any  fuch  excefs 
of  acid  as  to  render  the  water  acidulous,  but 
not  the  two  latter. 

5.  Sulphuretted  Hydrogen.  A confiderable 
number  of  waters  contain  a very  notable  quan- 
tity of  this  gas,  which  gives  its  peculiar  fetid 
fmell,  and  naufeous,  fomewhat  fweetiffi  tafte. 
In  general  the  fulphuretted  hydrogen  is  uncom- 
bined with  any  bafe,  but  there  are  fome  waters, 
particularly  fome  of  the  hot  fprings,  which, 
along  with  this  fubftance,  contain  foda,  with 
which  it  doubtlefs  combines,  and  this  compound 
often  contains  an  excefsof  fulphur, which  it  depo- 
fits  in  a fmall  quantity.  Sulphuretted  hydrogen 
is  incompatible  with  no  other  gas  but  oxygen. 

6.  Sulphureous  Acid  is  found  in  fome  fprings, 
though  rarely,  and  hitherto  has  been  only  met 
with  in  the  neighbourhood  of  volcanoes. 

7.  Sulphuric  Acid  is  a very  common  ingre- 
dient in  waters,  but  never  uncombined,  and  it 
gives  a fenfible  aciduloufnefs,  only  when  the  fait 
of  which  it  forms  a conftituent  part  naturally 
exifts  with  excefs  of  acid,  fuch  as  alum  and 
fulphat  of  iron.  The  other  combinations  of 
this  acid,  and  in  which  it  is  fully  neutralized, 
are  fulphats  of  foda,  lime,  and  magnefia.  It 
has  only  been  found  united  with  potafli  when 
they  both  form  conftituents  of  alum. 

o.  Muriatic  Acid  has  only  been  found  com- 
bined and  in  compleat  faturation.  The  muri- 
ats  of  foda,  magnefia,  and  lime,  are  very  fre- 
quent, the  muriats  of  alumine,  iron,  manganefe, 
and  potaffi,  are  rarely  found,  and  the  latter  is 
even  doubtful. 


9.  Boracic  Acid  has  been  found  uncomblned 
in  a lake  in  Tufeany. 

10.  Nitric  Acid,  united  with  potafn  and  pro- 
bably with  other  bafes,  is  found  in  thofe  fprings 
that  come  in  contadf  with  the  native  nitre  with 
which  Hungary  and  fome  other  countries 
abound. 

1 1 . Soda  is  the  alkali  of  by  far  the  moft  fre- 
quent occurrence  in  mineral  waters.  It  is  fome- 
times  uncombined  or  only  united  to  carbonic 
acid,  fo  as  to  give  a fenfible  alkalefcency  to  the 
tafte,  and  to  chemical  tefts,  and  caufes  the  water 
to  lather  by  agitation.  Thefe  alkaline  waters 
are  generally  hot. 

Soda  is  alfo  found  united  with  fulphuretted 
hydrogen,  with  fulphuric  acid,  as  Glauber’s 
fait,  and  with  muriatic  acid,  as  common  ftrlt. 
Both  thefe  falts  are  very  frequent  in  waters, 
and  the  latter  often  in  very  large  quantity. 

12.  Potaffo  has  been  extracted,  as  it  is  ftiid, 
from  one  mineral  water,  and  as  late  refearches 
have  fliewn  it  to  be  contained  in  fome  minerals, 
it  may  probably  be  found  in  other  waters. 

13.  Ammonia  has  been  detected  by  Mr.  Ca- 
vendifli  in  a fpring  near  London. 

14.  Litne  is  never  found  uncombined  in 
water,  but  is  contained  in  fmall  quantity  in 
almoft  every  natural  water,  united  with  fulphu- 
ric acid  as  felenite,  and  is  fcarcely  lefs  frequent 
diftblved  in  water  by  means  of  carbonic  acid. 
Muriat  of  lime  is  alfo  not  uncommon. 

15.  Magnefia  is  found  in  the  fame  combina- 
tions as  lime,  but  not  quite  fo  frequently. 

16.  Alumine  is  not  unfrequent  in  mineral 
waters.  Often  it  is  merely  fufpended  in  ex- 
tremely fine  divifion,  but  it  has  alfo  been 
dete£ted  in  union  with  the  fulphuric  and  mu- 
riatic acids. 

17.  Silex.  This  earth  was  firft  detected  by 
Dr.  Black  in  the  water  of  the  celebrated  boiling 
fprings  of  Iceland.  As  thefe  waters  contain 
an  excefs  of  foda,  and  as  filex  is  rendered  folu- 
ble in  water  by  means  of  alkali,  it  was  rationally 
conjectured  that  this,  together  with  the  great 
heat  to  which  the  water  is  expofed,  caufed  the 
folution.  The  fame  earth  has  however  been 
fince  detefted  by  Dr.  Gibbs,  in  Bath  water, 
which  is  not  alkaline. 

18.  Iron  is  a frequent  ingredient  in  mineral 
fprings,  in  fmall  quantity,  but  fufficient  to  give 
a very  fenfible  chalybeate  tafte  and  fmell.  It 
is  generally  held  in  folution  by  the  carbonic 
acid,  and  is  then  always  accompanied  by  car- 
bonat  of  lime,  and  often  of  magnefia  j but  fome- 
times  it  is  in  the  form  of  fulphat. 

All  the  chalybeate  waters  depofit  oiyd  of 
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iron  by  expofure  to  air,  fo  that  the  track  of 
tiicfc  Iprings  on  the  foil  is  marked  by  a line  of 
reddidi  yellow  ochre. 

19.  Copper  is  only  found  as  a fulphat,  and  in 
the  neighbourhood  of  copper  pyrites,  from  the 
decompofition  of  which  it  originates.  It  is 
fcrongly  marked  by  the  cupreous  tafte. 

20.  Manganefe  dlflblved  in  the  muriatic  acid 
has  been  found. 

21.  Befides  thefe  ingredients  there  is  often 
found  diliolved  in  water  a fmall  cjuantity  of  a 
black  matter,  not  cryftallizable,  foluble  in  alco- 
hol, deftrublible  by  lire,  which  gives  a black 
tinge  to  fulphuric  acid,  and  is  obvioully  carbo- 
naceous. Its  quantity  is  always  too  fmall  for 
minute  examination,  but  it  is  ufually  coniidered 
as  a kind  of  bitumen.  This  appears  different 
from  the  foluble  part  of  decayed  vegetable 
matter  which  water  fometimes  meets  with  and 
holds  in  folulion  ; and  is  equally  diftinti;  from 
the  mucilage  which  is  generated  in  water  when 
nearly  Itagnant,  from  the  growth  of  confervas 
and  otlier  aquatic  vegetables. 

Some  arrangement  of  mineral  waters  has 
been  attempted  by  different  writers  on  the  fub- 
je£f.  This  however  is  of  little  importance 
except  as  relates  to  their  medicinal  powers,  for 
even  among  thofe  kinds  that  refemble  each 
other  the  moft,  fuch  as  the  carbonated,  the 
chalybeate,  the  fulphurous,  &c.  the  individual 
v.'aters  often  differ  fo  much  in  chemical  ana- 
lyfis  as  to  require  to  be  admitted  as  feparate 
genera  in  any  methodical  arrangement.  The 
diftintlion  of  warm  and  cold  ffiould  however 
be  noticed,  the  former  being  uniformly  above 
the  average  temperature  of  the  air  into  which 
they  rife.  Of  thefe  there  are  many  in  the 
neighbourhood  of  aftual  volcanoes,  or  in  coun- 
tries obvioully  volcanic,  which  have  the  tempe- 
rature of  212°  when  they  burfl  into  day,  and 
in  all  probability  are  much  hotter  before.  Such 
boiling  fprlngs  are  feund  in  Iceland,  in  Italy,  in 
South  America,  and  in  great  abundance  in 
Kamfchatka.  In  this  country  the  Bath  water  is 
the  hotted;  natural  fpring  that  we  poffefs,  which 
rifes  to  116°.  "I  he  cooled;  of  our  thermal 
waters  is  the  Matlock,  which  is  lleadily  at  66° 
in  the  coldell  wdnters. 

We  proceed  to  the  bed;  mode  of  examining 
a mineral  water,  in  which  fome  differences 
exill  among  the  bed  chemids. 

'1  he  phyfical  properties  of  the  water  diould 
be  fird  noticed. 

Thefe  are  the  degree  of  clearnefs  or  limpi- 
dity— fparkiing  or  bubbling  when  poured  into 
a glafs — the  tafte — fmell — fpecihe  gravity — 


and  temperature.  It  is  ufeful  alfo  to  mark  the 
Itrata  of  foil  from  which  if  fprings,  the  copiouf- 
nefs  of  the  fpring,  and  whether  this  is  affected 
by  a dry  or  wet  fcafon,  whether  any  vegetables, 
fillies,  or  anlmalculre  are  found  in  it,  and  whether 
it  incruds  the  fubdances  over  which  it  flows,  or 
depofits  any  fediment. 

Bhe  next  dep  is  the  application  of  tejls  of 
different  kinds,  which  is  of  the  utmod  import- 
ance, as  by  thefe  the  nature  and  number  of  all 
the  foreign  ingredients  (with  one  or  two  excep- 
tions) may  be  difeovered,  and  even  fome  opinion 
may  be  formed  of  their  relative  quantity,  and 
thefe  facts  are  the  guide  by  which  the  future 
analyfis  is  conduced.  Several  precautions  how- 
ever are  required  in  the  application  of  teds  to 
avoid  deceitful  appearances,  and  the  teds  them- 
felves  fliould  be  prepared  with  great  care,  which 
may  be  the  more  readily  done  as  very  minute 
quantities  judicioufly  applied  will  anfwer  every 
purpofe.  Mod  of  the  teds  indicate  the  fub- 
dances for  the  dete£tion  of  which  they  are  ufed, 
by  producing  a fenfible  turbidnefs  which  gradu- 
ally collects  into  a precipitate.  There  is  how- 
ever with  all  a limit  to  this  power  of  precipi- 
tation, for  when  two  naturally  incompatible 
falts  are  mixed  together  in  very  dilute  folution, 
the  decompofition  is  totally  prevented  by  the 
great  bulk  of  water  compared  to  the  laline 
matters.  Thus  very  fmall  quantities  of  lulphat 
of  lime  and  carbonat  ot  foda  will  coexid  in  the 
fame  water,  and  thefe  will  not  be  mutually  de- 
compofed  till  the  bulk  of  liquid  is  reduced  by 
evaporation.  In  like  manner  minute  quantities 
of  fulphat  of  magnefia  and  muriated  lime,  or 
of  muriated  lime  and  fulphat  of  foda,  may  be 
contained  in  the  fame  water. 

Another  limit  to  the  power  of  teds  is  wliere 
the  intended  decompofition  does  indeed  take 
place,  but  where  the  quantity  of  liquid  is  fo 
large  that  the  refulting  compound,  indead  of 
being  precipitated,  remains  fufpended  in  the 
water. 

The  principal  teds  are  the  following: 

Litmus.  Ihe  infufion  or  tindfure  of  litmus 
fold  in  the  drops  is  a thick  liquor  of  a very  dark 
purple,  containing  a great  body  of  colour.  Tlie 
purple  of  litmus  is  changed  to  red  by  every 
acid,  fo  that  this  is  the  ted  ufually  applied  to 
difeover  any  excels  of  acid  in  mineral  waters. 
It  may  be  ufed  either  by  dipping  into  the  water 
a paper  dained  with  litmus,  or  by  adding  a drop 
of  the  timdure  to  the  water  to  be  examined, 
and  comparing  its  hue  with  that  of  an  equal 
quantity  of  the  tiiudure  in  didilled  water.  In 
this  latter  way  the  change  is  produced  more 
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fpeecilly,  and  the  power  of  the  tefl  is  fo  great, 
that  the  act  of  biowing  through  litmus  water, 
diluted  fo  as  to  be  barely  coloured,  will  very 
fenilbly  alter  the  hue  by  means  of  the  carbonic 
acid  of  the  breath  which  unites  with  it.  It 
fnould  be  remembered  that  paper  or  muflln 
ilained  with  litmus  fpontaneouily  reddens  by 
expoiure  to  air,  alfo  that  the  colour  is  nearly 
dollroyed  by  long  expofure  to  light,  fo  that 
when  ufed  as  a tell  they  fhould  be  recently 
flained.  Litmus  is  alfo  reddened  by  fulphu- 
retted  hydrogen. 

As  the  acid  of  mineral  w’aters  is  generally  the 
carbonic,  and  as  this  acid,  when  uncombined 
with  any  bafe  or  in  excels  (in  which  cafe  alone 
it  .iCts  on  litmus  as  an  acid)  is  expelled  by  boil- 
ing for  a few  minutes,  the  trial  of  litmus  before 
and  after  ebullition  will  determine  whether  the 
acid  of  the  water  is  fixed  or  volatile. 

Litmus  already  leddenedby  an  acid  will  have 
its  purple  reftored  by  an  alkali,  and  thus  it  may 
alfo  be  ufed  as  a teft  for  alkalies,  but  it  is  much 
lefs  a£Iive  in  this  refpe£t  than  other  direbl  alka- 
line tells. 

2.  Red  Cabbage  has  been  found  by  Mr.  Watt* 
to  furnilh  as  delicate  a tefl  for  acids  as  litmus,  and 
to  be  flill  more  fenlible  to  alkalies.  The  natural 
colour  of  an  infufion  of  this  plant  is  blue,  which 
is  changed  to  red  by  acids,  and  to  green  by  al- 
kalies in  very  minute  quantities.  The  colour 
is  extratled  fimply  by  infufmg  the  freflr  leaves 
of  the  plant  in  warm  water  of  about  1 20°  for  a 
few  hours.  The  difadvantage  of  this  liquor 
however  is  that  it  is  peculiarly  liable  to  change 
by  putrefadlion,  when  its  properties  as  a tell 
are  loll.  To  preferve  the  cabbage  for  a length 
of  time  Mr.  Watt  advifes  to  mince  the  leaves, 
fpread  them  on  paper,  and  dry  them  with  a 
gentle  heat,  and  then  put  them  in  clofely  corked 
bottles.  When  to  be  ufed,  digefl  fome  of  the 
leaves  in  a very  dilute  vitriolic  acid  which  wall 
give  a red  liquor  bring  this  to  exa£l  neutrali- 
zation by  chalk,  fo  that  the  colour  is  a pure 
blue  inclining  neither  to  green  nor  purple,  and 
then  pour  off  the  clear  liquor  and  employ  it. 
By  adding  a little  alcohol  it  wall  keep  good  for 
fome  days. 

3.  Brazil  IVood.  When  chips  of  this  wood 
are  infufed  in  warm  water  they  yield  a red 
liquor  which  readily  turns  blue  by  alkalies, 
either  cauflic  or  carbonated.  It  is  alfo  blued 
by  the  carbonated  earths  held  in  folution  by 
carbonic  acid,  fo  that  it  is  not  an  unequivocal 
tell  of  alkalies  till  the  earthy  carbonats  have 


been  precipitated  by  boiling.  Acids  change  to 
yellow  the  natural  red  of  Brazil  wood,  and 
rellore  the  red  when  changed  by  alkalies. 

4.  Violets.  The  ilelicate  blue  of  the  com- 
mon feented  violet  is  readily  changed  to  green 
by  a kalies,  and  this  alFords  a delicate  tefl  for 
thefe  fubllances.  Svrup  of  violets  is  commonly 
ufed,  as  it  is  generally  at  hand,  being  ufed  in 
medicine,  but  a tindlure  of  the  flower  will 
aiifwer  as  w'ell. 

5.  Turmeric.  This  is  a very  delicate  tefl 
for  alkalies,  and  on  the  wh.ole  is  perhaps 
the  bell.  The  natural  colour  of  turmeric 
either  in  waatcry  or  fpirPtuous  infulion  is  yellow, 
w'iiich  is  changed  to  a brick  or  orange  red  by 
alkalies,  caullic  or  carbonated,  but  not  by  car- 
bonated alkaline  earths,  on  which  account  it  is 
preferable  to  Brazil  wood.  Tlie  pure  earths,  fuch 
as  lime  or  barytic  water,  produce  tlie fame  change, 
but  thefe  are  never  found  in  mineral  w'^aters. 

6.  Rhubarb.  Infulion  or  tiniflure  of  rhubarb 
undergoes  a fimilar  change  with  turmeric,  and 
is  equally  delicate. 

7.  Sulphuric  Acid.  A drop  or  two  of  con- 
centrated fulphuric  acid  added  to  water  that  con- 
tains carbonic  acid,  free  or  in  combination,  caufes 
tlie  latter  to  efcape  wdth  a pretty  brilk  eflervef- 
cence,  wRereby  the  prefence  of  this  gafleous 
acid  may  be  detected. 

8.  Nitric  and  Oxyrnuriatic  Acid.  A peculiar 
ufe  attends  the  employment  of  thefe  acids  In 
the  fulphuretted  waters,  as  the  fulphuretted 
hydrogen  is  decompofed  by  them  ; its  hydrogen 
is  abforbed,  and  the  lulphur  feparated  In  its 
natural  form.  The  theory  of  this  operation  has 
been  fully  explained  under  the  article  Sulphuret. 

9.  Oxalic  acid  and  Oxalat  of  Ammonia.  Ox- 
alic acid  is  the  moft  delicate  tefl  for  lime  that 
we  are  acquainted  v/ith,  as  it  decompofes  all  the 
foluble  calcareous  falts,  and  precipitates  with 
the  lime  as  an  infoluble  oxalat.  This  precipi- 
tate when  colle£led  and  dried,  and  flrongly 
heated,  blackens  and  melts,  and  the  acid  burning 
off,  the  lime  is  left  white  and  carbonated.  0.x- 
alat  of  lime,  though  nearly  infoluble  in  water, 
diffolves  without  difficulty  in  a moderate  quan- 
tity of  its  own  or  any  other  acid,  and  hence  in 
analyfis  oxalat  of  ammonia  is  often  preferred 
as  no  excefs  of  this  fait  can  rediflblve  the  preci- 
pitated oxalat  of  lime.  On  the  other  hand  the 
ammonia  fhould  not  exceed,  otherwife  it  mi  ght 
give  a falfe  indication. 

10.  Gallic  Acid  and  TinElure  of  Galls.  This 
well  knoxvn  tefl  of  iron  is  peculiarly  ufeful  in 
the  examination  of  mineral  waters,  as  this  i$ 
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almoft  tlie  only  metal  ever  met  with.  Where 
the  iron  is  in  very  minute  quantity,  and  the 
water  fomewhat  acidulous,  this  tcit  does  not 
always  produce,  a precipitate  but  only  a flight 
reddening  ; but  its  a£lion  is  much  airdled  by 
previoufly  adding  a few  drops  of  any  alkaline 
folution.  The  pure  gallic  acid,  or  the  tindfure, 
or  the  infufion  of  galls,  a<ft  nearly  equally  well. 
»Sometimes  minute  quantities  of  iron  are  well 
detedled  by  fuipending  in  the  water  a piece  of 
the  gall-nut  for  fomc  hours. 

11.  FniJJuit  ef  Ptin/J}  and  Lime.  The  pre- 
fence of  iron  in  waters  is  equally  well  Indicated 
by  ihefe  pruUi.its,  and  if  the  prufliat  of  potafh 
is  properly  prcparcil,  it  will  only  be  precipitated 
by  a metallic  lalt,  lo  that  manganefe  and  copper 
vidien  prefent  will  alfo  be  detedfed,  the  former 
giving  a white,  and  the  latter  a red  precipitate. 

12.  Lime  Water.  This  is  the  common  tefl: 
for  carbonic  acid,  as  it  produces  a cloudinefs 
and  precipitate  with  water  that  contains  any  of 
this  acid  in  whatever  ftate  of  combination.  It 
is  however  ambiguous,  as  it  decompofes  all  the 
rnagnefian  falts,  and  the  magnefia  which  is  thus 
feparated  being  ablolutely  infoluble  in  water 
falls  down  as  a white  precipitate.  The  alumi- 
nous falts  are  decompofed  in  the  famg  manner. 
Lime-water  alfo  produces  a cloudinefs  with 
moft  of  the  fulphats,  owing  to  the  formation  of 
felenite. 

13.  Ammonia.  This  alkali,  when  perfedlly 
cauftic,  ferves  as  a difiindlion  between  the 
falts  of  lime  and  thofe  of  magnefia,  as  it  preci- 
pitates the  earth  from  the  latter  clafs  but  not 
from  the  former.  There  are  however  two 
fources  of  error  in  the  ufe  of  this  alkali  for  this 
purpofe,  one  is  where  carbonic  acid  is  contained 
in  the  water,  either  free  or  united  with  mag- 
nefia, in  which  cafe  the  ammonia  becomes 
partially  carbonated,  and  then  alfo  decompofes 
the  folutions  of  lime.  The  other  is  where  any 
fait  of  alumine  is  contained,  as  .ammonia  will 
decompofe  thefe  as  well  as  the  rnagnefian  falts. 
The  former  lource  of  error  may  be  obviated  by 
adding  a few  drops  of  nitric  or  muriatic  acid 
to  the  water,  and  boiling  it  for  a fhort  time,  by 
which  the  carbonic  acid  will  be  got  rid  of,  and 
the  earths  will  remain  in  folution.  Then  to 
diftinguifh  and  feparate  magnefia  from  alumine, 
redifl'olve  both  in  muriatic  acid,  precipitate  the 
folution  by  carbonated  alkali,  and  then  tranf- 
fer  the  precipitate  into  cold  acetous  acid,  by 
which  the  carbonated  magnefia  will  be  diredlly 
dilfolved,  and  the  alumine  left. 

14.  Carbonated  Alkalies.  Thefe  are  fo  far 
ufeful  tells  that  they  precipitate  all  the  earths 


from  their  folutions.  This  is  much  hallened  by 
boiling  for  a few  minutes.  Where  carbonat  of 
potafli  is  ufed  particular  care  Ihould  be  taken 
of  its  purity  as  it  generally  contains  filex. 

I^.  Alnriated  Alinnine.  ibis  tell  is  propofed 
by  Mr.  Kirwan  as  indicative  of  carbonated 
magnefia  in  waters,  and  which  cannot,  like 
carbonated  lime,  be  totally  feparated  by 
ebullition,  but  remains  till  the  whole  liquid  is 
evaporated.  By  adding  muriated  alumine  to 
the  boiled  water  a precipitate  of  carbonated 
alumine  is  found,  if  carbonated  magnefia  is 
prefent,  but  in  no  other  cafe,  unlefs  there  b« 
an  excefs  of  alkali,  which  may  ealily  be  neu- 
tralized. 

16.  Btirytic  Salts.  The  nitrat,  murlat,  and 
acetite  of  barytes  are  all  equally  good  tells  of 
fulphuric  acid  in  any  combination.  The  power 
of  this  precipitant  is  greater  than  that  of  any 
other,  except  perhaps  the  falts  of  filver  for  mu- 
riatic acid.  In  applying  the  barytic  falts  the 
only  care  required  is  to  neutralize  any  excefs 
of  alkali  that  there  may  be,  with  any  acid  but 
the  fulphuric;  and  if  the  fulphureous  acid  be 
fufpe£led,  which  is  very  rare,  to  free  the  water 
from  it.  The  nitrat  or  acetite  of  barytes  are 
fometimes  preferable  to  the  muriat,  inafmuch 
as  they  introduce  into  the  water  to  be  examined 
no  acid  of  a kind  fimilar  to  any  already  con- 
tained. If  any  excefs  of  alkali  has  caufed  a 
mixture  of  carbonat  with  fulphat  of  barytes, 
they  may  be  readily  feparated  by  digeftion 
with  moderately  dilute  nitric  or  muriatic  acid, 
which  will  dilTolve  the  carbonat  and  leave  the 
fulphat. 

17.  Salts  ef  Silver.  The  falts  of  filver  arc 
the  moH  delicate  tells  for  muriatic  acid  in  any 
combination,  producing  the  precipitated  muriat 
of  filver  or  luna  cornea,  the  compofition  of 
which  is  conllant,  and  has  been  mentioned 
under  filver.  Any  excefs  of  alkali  in  the  water 
fliould  be  previoufly  faturated  by  pure  nitric 
acid.  The  nitrat  of  filver  is  the  fait  commonly 
ufed  as  a tell,  but  this  as  well  as  the  acetite 
will  alfo  decompofe  the  alkaline  and  earthy 
foluble  falts  with  fulphuric  acid,  and  a fulphat 
of  filver  will  be  formed,  which  it  is  not  eafy  to 
diHinguilh  by  the  eye  from  the  muriat.  This 
may  be  prevented  either  by  previoufly  getting 
rid  of  all  fulphuric  acid  in  the  water  by  means 
of  nitrat  or  acetite  of  barytes,  after  which  all  the 
precipitate  of  filver  will  be  luna  cornea  ; or  elfc 
by  employing  a folution  of  fulphat  of  filver, 
which  will  then  only  a£l  on  the  muriats.  It 
ftiould  be  oblerved  however  that  nitrat  of  filver 
is  a much  more  powerful  precipitant  of  the 
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murlats  than  of  the  fulphats,  fo  that  if  In  any 
water  where  a barytic  folution  gives  but  a faint 
indication  of  fulphuric  acid,  an  immediate  pre- 
cipitate is  produced  by  nitrat  of  filver,  we  may 
be  certain  that  it  is  the  muriat  of  filver,  and 
not  the  fulphat  which  falls  down. 

Acetite  of  filver  has  a particular  ufe  In  de- 
compofing  the  fixed  alkaline  muriats,  as  we  are 
enabled  thereby  to  diftinguifh  the  alkali  more 
cafily  in  the  fupernatant  liquor;,  for  by  evapo- 
rating the  latter  to  drynefs,  rediflblving  the  re- 
maining fait  in  alcohol,  and  gently  evaporating 
the  alcoholic  folution  to  drynefs,  if  it  be  acetite 
of  potafh,  it  will  deliquefee,  but  if  acetite  of 
foda  it  will  remain  dry  and  efflorefee. 

All  the  falts  of  filver  alfo  give  a black  or  dark 
brown  precipitate  with  the  fulphuretted  waters, 
which  is  as  delicate  a teft  of  fulphuretted  hy- 
drogen as  any  that  we  poflefs. 

1 8.  Salts  of  Lead.  I’he  nitrat  and  acetite  of 
lead  are  the  falts  of  this  metal  employed  as 
tefts.  They  will  indicate  the  fulphuric,  muri- 
atic, and  boracic  acids,  and  fulphuretted  hydro- 
gen or  fulphuretted  alkali.  The  water  being 
firft  freed  from  any  excefs  of  alkali  by  fatura- 
tion  with  nitric  acid,  the  addition  of  cither  of 
thefe  falts  of  lead  will  decompofe,  and  form  a 
white  precipitate  with  the  acid  of  all  the  con- 
tained fulphats  or  muriats.  But  as  fulphat  of 
lead  cannot  by  the  eye  be  diftinguifhed  from 
the  muriat,  the  precipitate  fhould  be  digefted 
in  acetous  or  very  dilute  nitric  acid  or  merely 
boiled  in  a good  deal  of  diftilled  water,  by  any  of 
which  means  the  muriat  will  be  diflblved,  but 
the  fulphat  will  be  untouched.  In  thefe  preci- 
pitates the  acetite  of  lead  is  a more  fenfible  teft 
than  the  nitrat,  but  as  the  former  when  long 
kept  will  be  partly  dccompofed  by  pure  water, 
it  fhould  be  aflayed  with  water,  and  a little  more 
acetous  acid  added  if  neceflary. 

Acetited  lead  is  alfo  decompofed  by  the  car- 
bonated earths  and  iron,  fo  that  the  water  fhould 
be  boiled  before  this  teft  is  applied.  ' This  fait 
alfo  produces  an  infoluble  borat  of  lead  when 
boracic  acid  is  prefent  in  the  water,  which 
takes  place  in  one  or  two  rare  inftances.  The 
borat  of  lead  is  diftinguifhed  from  the  fulphat 
of  this  metal  by  being  foluble  in  nitric  acid  of 
1.3.  fp.  gr.  and  from  the  muriat  by  being  info- 
luble in  water,  or  in  weaker  acids.  But  where 
boracic  acid  is  fufpefted,  iVir.  Kirwan  advifes 
firft  to  feparate  the  fulphuric  acid  (if  any)  by 
acetited  ftrontian,  and  the  muriatic  acid  by  ace- 
tited filver,  neither  of  thefe  acetites  being  decom- 
pofed by  pure  boracic  acid. 

Acetite  of  lead  is  alfo  a very  delicate  teft  for 


the  fulphurets,  which  it  fhews  by  turning  to  a> 
deep  brown  or  black.  It  is  often  applied  by 
tracing  charadlers  on  paper  with  acetite  of 
lead,  and  immerfing  it  in  the  fulphuretted  water. 

xp.  Soap.  A folution  of  foap  in  diftilled 
water,  or  in  alcohol,  is  curdled  by  water  con- 
taining any  earthy  fait.  It  is  therefore  a teft  of 
fome  ufe  but  not  diferiminative.  The  metallic 
falts  produce  the  fame  eftetSt,  but  the  curd  is 
then  coloured. 

20.  Tartarcous  Add.  This  acid  is  of  ufe  in^ 
diftinguifliing  the  falts  with  potalh  (with  which 
it  forms  a precipitate  of  cream  of  tartar)  from 
thofe  of  foda  which  it  docs  not  precipitate.  It 
is  neceflary  however  that  the  folution  of  fait 
with  the  bafis  of  potafli  (the  fulphat  or  muriat 
for  example)  be  much  ftronger  than  occurs  in 
any  mineral  water  in  its  natural  ftate,  fo  that  it 
muft  be  concentrated  by  evaporation. 

21.  Nitro-Muriat  of  Platina.  This  fait  is 
ftill  more  diferiminative  between  potafli  and 
the  other  alkalies  than  acid  of  tartar,,  and  will 
produce  a precipitate  with  a very  weak  folution 
of  any  fait  with  potafli.  It  has  not  yet  been 
much  employed,  but  may  often  be  of  ufe. 

22.  Alcohol.  This  nioft  ufeful  reagent  is 
applicable  in  a variety  of  ways  in  the  analyfis  of 
mineral  waters.  As  it  diftolves  fome  of  the 
fubftances  found  in  mineral  waters,  and  leaves 
others  untouched,  it  is  a means  of  feparating 
them  into  two  clafles,  which  faves  confidcrable 
trouble  in  the  further  inveftigation.  Thofe  falts 
which  it  does  not  diflblve,  it  precipitates  from 
their  watery  folution,  but  more  or  lefs  com- 
pletely according  to  the  fait  contained,  and  the 
ftrength  of  the  alcohol,  and,  as  a precipitant,  it 
alfo  alfifts  in  many  decompofitions.  7'he  great 
utility  of  alcohol  to  the  analytical  chemift  has 
been  already  deferibed  under  that  article,  and 
will  be  further  mentioned  in  this. 

The  above  are  the  principal  tefts  or  reagents 
employed.  Several  others  might  be  enumerated 
which  will  eafily  fuggeft  thenifelves  to  the 
pracftical  chemift,  and  the  theory  of  thefe  re- 
fpeftive  operations  will  be  better  underftood  by 
confulting  the  articles  themfelves,  to  which  we 
fhall  refer  the  reader  to  avoid  repetition. 

Before  we  deferibe  the  mode  of  analyfis  we 
may  fliortly  recapitulate  thofe  foreign  fubftances 
contained  in  mineral  waters,  for  which  there 
exifts  any  appropriate  tefi  or  chemical  reagent 
by  which  its  nature  may  be  readily  detected, 
and  which  therefore  is  to  dirceft  the  operator 
in  his  further  analyfis.  Where  the  precaution 
to  be  ufed  in  applying  them  has  been  mentioned, 
we  fliall  not  repeat  it. 
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Oxygen  Gas — Atniofpheric  Air.  The  prefence 
of  oxygen  in  water  may  be  dete<fi;ed, according  to 
Scheeie,  by  filling  a phial  brimfull  with  it, 
dropping  in  a piece  of  newly  cryftallizcd  ful- 
phat  of  iron,  and  corking  the  bottle  dole.  In  a 
little  time  the  fait  will  be  diilblved,  and  in  a 
few  hours  an  ochery  precipitate  will  be  per- 
ceived, owing  to  the  abforption  of  oxygen  by 
the  ox  yd  of  iron  of  the  fait,  which  then  becomes 
infoluble. 

Carbonic  Acid. 

(TeftJ.  Lime  or  flrontian  water — Litmus 
when  in  excefs — bulphuric  acid — boiling. 

Sulphuretted  Hyd'^cgen. 

(Teftj.  Nitric  and  oxymurlatic  acids — Salts 
of  lead  and  filver.  A few  globules  of  dean 
mercury  allowed  to  remain  for  feveral  hours  in 
contad  with  the  water,  clofely  corked,  will 
deted  very  minute  quantities  of  it  by  being 
blackened  at  the  furface.  Silver  leaf  will 
anfwer  as  well. 

Sulphureous  Acid. 

(Tefl).  Mr.  Kirwan  gives  as  the  only  decl- 
five  tell  of  this  acid  gas  being  held  in  folution 
in  water,  that  when  mixed  with  a tindure  of 
rofes  reddened  by  an  acid  it  renders  this  tinc- 
ture colourlefs.  This  acid  is  alfo  known  by 
the  fmell.  If  perfedly  pure  it  ought  not  to 
precipitate  muriated  barytes  nor  nitrated  mer- 
cury, but  it  always  does,  which  perhaps  is  owing 
to  an  infeparable  admixture  of  lulphuric  acid. 

ATineral  Acids  usicombined. 

(Teft).  Reddening  litmus  after  the  water  has 
been  boiled. 

Bo  • acic  Acid. 

(Teft).  Acetite  of  lead. 

Carbouatea  Alkalies. 

(Teft),  Turmeric — Rhubarb — Violets.  If 

the  change  of  colour  does  not  take  place  after 
ebullition  for  feveral  minutes,  it  fhews  that  the 
alkali  was  ammonia. 

Ammonia. 

(Teft).  The  prefence  of  this  alkali  is  partly 
diftinguifhed  in  the  w'ay  mentioned  above,  but 
moi'e  certainly  by  boiling  a pretty  large  quan- 
tity of  the  water  in  a retort,  carefully  colleding 
the  firft  ounce  or  two  that  diftills,  and  moift- 
enlng  with  this  portion  a piece  of  well-burnt 
lime,  by  which  the  ammoniacal  fmell  will  be 
diftindly  perceived.  The  objed  of  this  diftil- 
lation  is  to  concentrate  iiv  a fmall  compafj  all 
the  ammonia  of  a larger  quantity  of  liquid, 
which  might  be  too  dilute  to  indicate  this  alkali 
without  this  method. 

Carbonats  of  Lime  and  Magnefia. 

(Tefts).  Precipitated  by  ebullition,  the  for- 


mer totally,  the  latter  partially.  After  boiling, 
the  magnefian  carbonat  remaining  is  indicated 
by  muriat  of  alumine. 

The  Acid  of  the  Sulphats. 

(Tefts).  Salts  of  barytes  and  lead. — All  the 
fulphats  are  alfo  infoluble  in  alcohol,  and  pre- 
cip;table  by  it  from  their  watery  folutions. 

Put  fulphat  of  lime  exceeds  all  the  others  in 
the  eafe  with  which  it  is  thus  precipitated. 

The  Acid  of  the  Muriats. 

(Teft).  Salts  of  t)ilver. — Alcohol  unlefs  very 
highly  redifted  diffblves  a fmall  quantity  of  mu- 
riat of  foda,  and  does  not  precipitate  the  muriats 
with  the  eafe  with  w’hich  it  feparates  the  fulphats. 

Neutral  Salts  of  Potafh  as  difingui/Joed  from 
thofe  of  Soda. 

(Tefts).  Tartareous  acid — Nitro-muriat  of 
Platina — Acetited  barytes  wdth  the  fulphats  i 
and  .-cetited  filver  with  the  muriats. 

The  Earth  of  the  Calcareous  Salti. 

(Teft).  Oxalic  acid  or  oxalat  of  ammonia. — 
Pure  ammonia  not  precipitating  it.  Sulphuric 
acid,  or  better  the  alkaline  fulphats,  alfo  decom- 
pofes  the  muriat  of  lime,  and  the  refulting  fele- 
nite  is  precipitated.  This  may  be  haftened  by 
alcohol. 

The  earth  of  the  Magnefian  Salts. 

(Tefts).  Pure  ammonia — Lime-water. 

The  Earth  of  the  Aluminous  Salts. 

(Teft).  Pure  ammonia^Lime-w'ater. 

Silex. 

(Teft).  This  is  chiefly  fufpeded  by  its  re- 
fufing  to  diflblve  in  any  acid  after  the  w^ater  has 
been  once  evaporated  to  drynefs.  It  may  be  more 
certainly  afeertained  by  melting  it  before  the 
blow-pipe  with  three  or  four  parts  of  dry  car- 
bonat oi  foda  into  a clear  globule,  which  then 
will  dilfolve  in  water.  Some  of  the  waters  that 
contain  filex  will  gelatinize  when  evaporated  al- 
moft  to  drynefs,  after  which  ihe  filex  will  not 
redilTolve  by  reftoring  the  water  which  has  been 
loft.  This  agrees  w'ith  the  known  properties  of 
filex  in  the  analyfis  of  minerals. 

Salts  of  Iron. 

(Teftsy.  Galls — PruflTiat  of  potafti  or  lime. 
The  carbonat  of  iron  is  precipitated  totally  by 
boiling. 

Salts  of  Copper. 

(Tefts).  Prufliat  of  potafh — Ammonia — Me- 
tallic iron. 

Manganefe. 

(Teft).  The  brown  colour  of  its  oxyd,  and 
its  folubility  in  carbonat  of  potafli. 

Carbonaceous  Matter. 

(Teft).  Diflblves  in  concentrated  fulphuric 
acid,  giving  it  a clear  brown  colour. 
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Procefs  of  Anahfts. 

The  firft  ftcp  in  the  examination  of  a mine- 
ral water,  after  the  fpccific  gravity,  talle,  fmell, 
and  phyfical  properties  have  been  noted,  is  to 
endeavour  to  form  as  accurate  a notion  as  pof- 
Cble  of  the  nature  of  its  contents  by  the  appli- 
cation of  the  feveral  tefts  which  have  juft  been 
defcribed.  It  is  never  neceflary  to  apply  all 
that  have  been  enumerated,  as  many  of  the  fub- 
ftances  which  they  indicate  are  incompatible 
with  others. 

When  this  done  the  procefs  of  analyfis  may 
be  begun,  but  it  may  be  remarked  that  the 
mode  muft  vary  confiderably  according  to  the 
indication  given  by  the  tefts,  nor  is  it  eafy  to  give 
in  a moderate  compafs  the  management  to  be 
purfued  in  every  polhble  cafe.  In  fad!  a per- 
fon  ftiould  already  be  a fkilful  chemift,  familiar 
with  the  praftice  of  chemical  operations,  with 
the  refpe£Iive  affinities  of  fubftances,  and  with 
their  diftindlive  chara«£l:ers,  and  habitudes,  be- 
fore he  undertakes  any  analyfis. 

For  the  defcription  of  thefe  procefTes  we  muft 
refer  our  readers  to  the  refpeftive  articles,  as  it 
would  be  an  ulelefs  repetition  to  give  in  this 
place  any  more  than  a general  outline  of  them. 

To  determine  the  gafeous  co-^tents. 

When  any  gaffes  are  indicated  by  the  proper 
tefts,  it  is  ufual  to  begin  by  determining  their 
nature  and  quantity. 

If  carbonic  acid  without  any  fulphuretted  hy- 
drogen be  prefent,  fill  a narrow  necked  retort 
with  the  water  taken  at  the  fpring  head  (having 
previoufly  found  the  capacity  of  the  neck  of  the 
veffel,  which  muft  of  courfe  be  left  empty) 
dip  the  beak  under  a graduated  jar  filled  with 
mercury,  and  bring  the  water  to  ebullition.  At 
this  temperature  all  the  carbonic  acid  (or  nearly 
fo)  is  difengaged,  and  collefts  in  the  mercury 
jar.  AVhen  no  more  air-bubbles  arc  given  out 
(which  muft  be  diftinguiftied  from  the  mere 
motion  of  ebullition)  remove  the  retort.  The 
air  (landing  above  the  mercury  will  then  confift 
of  the  carbonic  acid,  together  with  any  oxygen 
or  azot  that  may  be  contained  in  the  water, 
and  all  the  atmol'pheric  air  that  was  contained 
in  the  neck  of  the  retort,  which  laft  has  been 
(lifplaced  and  expelled  by  the  hot  aqueous  va- 
pour in  its  paffage  through.  Thefe  may  be  fe- 
parated  either  by  lime-water,  or  by  cauftic  or 
femicauftic  alkali,  fuch  as  common  pearlafli, 
which  abforb  the  carbonic  acid  only,  and  con- 
fequently  indicate  its  quantity  in  the  portion  of 
water  that  was  employed. 

After  this,  the  refulue  may  be  examined  to 
find  the  relative  quantities  of  oxygen  and  azot 
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in  the  metliods  already  defcribed  under  the  ar- 
ticle Eudiometer^  and  if  more  of  either  appears 
than  will  be  accounted  for  by  the  air  in  the 
neck  of  the  retort,  this  excefs  will  belong  to  the 
water  under  examination.  The  corrections  and 
precautions  requifite  in  the  eftimation  of  the 
bulk  and  weight  of  airs,  relative  to  temperature 
and  preffure,  fhould  be  carefully  remembered, 
and  will  be  found  under  the  article  Gas. 

In  expelling  air  from  water  by  ebullition  as 
little  fpace  as  poffible  ftiould  remain  in  the  neck 
and  conducting  tube  of  the  apparatus,  on  which 
account  a glafs  globe,  with  a ftiort  and  mode- 
rately wide  neck,  and  a bent  tube  fitted  thereto 
is  preferable  to  a retort,  for  the  neck  of  the  lat- 
ter is  purpofely  made  wide  and  roomy,  this 
being  an  advantage  in  common  diftillation.  A 
little  water  muft  of  courfe  diltill  over  during  the 
boiling,  which  will  rife  through  the  mercury 
along  with  the  gas,  but  this  will  not  materially 
interfere  with  the  accuracy  of  the  experiment. 

As  a mercurial  pneumatic  apparatus  is  not 
always  at  hand,  the  gas  may  be  received 
through  water,  and  the  abforption  of  the  gas 
by  this  fluid  may  be  in  a great  degree  prevented 
by  employing  it  very  hot,  for  at  a high  tempe- 
rature water  will  hardly  abforb  fixed  air.  This 
however  is  not  quite  fo  accurate  as  with  the 
mercurial  apparatus. 

Some  chemifts  have  endeavoured  to  eftimate 
the  quantity  of  carbonic  acid  without  any  ebul- 
lition and  expulfion  of  the  gas,  fimply  by  adding 
lime-water  to  the  mineral-water  frefti  from  the 
fpring,  and  colledting,  drying  and  weighing  the 
carbonat  of  lime  thus  produced.  But  this  me- 
thod is  extremely  fallacious  in  moft  cafes,  for 
the  lime-water  will  alfo  precipitate  all  the  car- 
bonat of  lime  held  in  folution  by  the  carbonic 
acid,  and  the  carbonat  of  magnefia,  and  befides 
will  decompofe  the  other  magnefian  falts,  and 
caufe  their  earth  to  precipitate.  So  that  this 
method  is  inadmiffible  in  by  far  the  greater 
number  of  a£lual  cafes,  and  can  only  apply 
w here  the  water  contains  no  other  ingredients 
than  carbonic  acid,  and  falts  with  the  bafes  of 
lime  or  alkali. 

Where  the  water  contains  fulphurous  acid 
gas  wfith  or  without  carbonic  acid,  Mr.  Kirw'an 
recommends  to  expel  both  by  ebullition  in  the 
ufual  way,  receiving  them  ever  mercury;  to  add 
folution  of  pearl-afh  to  abforb  both,  then  gently 
to  evaporate  the  alkaline  folution  nearly  to 
drynefs,  and  to  expofe  it  for  fame  days  to  the 
air,  by  which  the  fulphite  of  potafti  obtained 
by  union  of  the  fulphurous  acid  with  the  alkali 
will  be  converted  iiito  fulphat.  This  being  ob- 
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lained  feparatc,  the  quantity  of  fulphurous  acid 
may  be  found,  eftimating  that  loo  grains  of  ful- 
phat  of  potafh  contain  45  of  fulphuric  acid, 
equal  to  15  of  fulphur,  equal  to  30  grs.  or 
42.72  cubic  inches  of  fulphurous  acid  gas. 

Inftead  of  obtaining  the  fulphat  of  potafli  fe- 
parate,  which  it  is  difficult  to  do  exadHy,  the 
alkaline  folution,  after  the  fulphite  has  become 
fulphat,  may  be  faturated  with  muriatic  acid, 
and  the  quantity  of  fulphuric  acid  then  elli- 
mated  by  muriat  of  barytes. 

The  accurate  eftimation  of  fulphuretted  hy- 
drogen is  very  difficult,  particularly  when  mixed 
with  carbonic  acid  gas.  The  fulphuretted  hy- 
drogen may  indeed  be  expelled  almoit  entirely 
by  boiling,  but  when  received  over  mercury  it 
is  partly  decompofed  by  this  metal,  and  when 
by  water  it  is  partly  abforbed  by  it,  though  this 
laft  inconvenience  is  in  a good  meafure  pre- 
vented by  warming  the  water. 

1 here  are  two  ways  of  eftimating  it.  One 
of  them  is  the  following ; boil  the  water  and 
receive  the  gaffes  over  mercury  in  the  ufual 
way.  Thefe  may  confift  of  carbonic  acid,  ful- 
phuietted  hydrogen  and  azot,  but  not  oxygen, 
this  being  incompatible  with  fulphuretted  hy- 
drogen. It  is  neceffary  in  order  to  obtain  the 
carbonic  acid  pure  that  the  fulphuretted  hydro- 
gen be  firft  feparated,  for  the  alkalies  and  the 
alkaline  earths  abforb  both.  For  this,  Mr. 
Kirwan  advifes,  firft  to  difplace  any  mercury 
remaining  in  the.  jar  by  dipping  it  a little  way 
in  hot  water,  whereby  the  mercury  will  fall 
down  and  the  water  take  its  place.  Then  dip 
the  jar  into  a final  1 veffel  full  of  moderately 
ftrong  nitrous  acid,  by  which  the  acid  will  mix 
with  the  water  and  come  in  contadl  with  the 
gaffes,  and  abforb  very  fpeedily  or  decompofe 
the  fulphuret,  and  leave  the  carbonic  acid  and 
azot,  which  laft  may  afterwards  be  feparated 
by  an  alkali. 

But  as  all  the  fulphuretted  hydrogen  cannot 
be  expelled  undecosnpofed  frpm  the  water,  the 
above  method  is  quite  accurate  only  for  the 
other  gaffes.  Mr.  Flenry  fuggefts  as  an  im- 
provement to  the  above  method,  inftead  of  ufing 
nitrous  acid,  to  throw  up  oxymuriatic  acid 
gas  to  the  mixed  gaffes  ftanding  over  water,  till 
the  jar  is  filled,  clofing  the  jar  with  a ground 
ftopper,  and  allowing  the  mixture  to  remain 
for  twenty-four  hours.  Then  on  opening  the 
jar  under  water,  a quantity  of  this  fluid  will 
ruflr  in  to  fill  the  vacuum  p oduccd  by  the  de- 
cornpofition  of  tlie  iulp’nureited  hydrogen,  and 
ftanding  about  half  an  hour  without  agitation. 


the  excefs  of  oxymuriatic  acid  will  be  abforbed, 
and  only  the  carbonic  acid  and  azot  will  re- 
main. In  this  procefs  the  oxymuriatic  acid  gas 
ffiould  be  quite  pure,  fuch  as  is  obtained  from 
oxymuriat  of  potaffi  and  muriatic  acid,  and 
equal  in  bulk  to  the  other  gas,  but  the  required 
purity  of  this  gas  is  certainly  an  objedHon. 

The  mere  quantity  of  fulphuretted  hydrogen 
contained  in  any  water  is  perhaps  belt  afcer- 
tained  by  decompofing  this  gas  altogether  when 
in  folution  in  the  water,  without  attempting  to 
expel  it  by  ebullition.  The  fubftances  employed 
for  this  may  be  either  nitrous  or  oxymuriatic 
acid,  which  if  properly  managed  precipitate  the 
fulphur  of  the  gas  totally  in  its  proper  form. 
The  theory  of  this  decompofition  has  been  ex- 
plained under  the  article  Sulphuretted  hydregen. 
There  are  however  two  caufes  of  error  to  be 
avoided,  one  is,  that  the  proportion  of  gas  con- 
tained in  natural  water  is  fo  fmall  that  a mo- 
derate quantity  of  nitric  acid  foon  becomes  too 
dilute  to  produce  its  complete  effe£t.  The  other 
difficulty  (which  particularly  applies  to  the  oxy- 
muriatic acidj  is,  that  if  an  excefs  of  it  be  ufed, 
the  precipitated  fulphur  again  difappears,  being 
converted  into  fulphuric  acid.  This  laft  cir- 
cumftance  indeed  might  be  taken  advantage  of 
in  the  analyfis,  by  converting  the  whole  of  the 
fulphur  to  fulphuric  acid,  but  it  feldom  happens 
that  any  natural  water  is  free  from  fome  fulphat 
or  other,  and  the  acid  of  thefe  could  not  eafily 
be  extra£led  previoufly  to  the  acidification  of 
the  fulphur,  and  of  courfe  would  be  confounded 
with  it.  The  moft  pradticable  method  would 
be  firft  to  acidify  the  fulphur  of  the  frelh  water 
and  precipitate  the  whole  by  a barytic  folution  ; 
and  then  to  colleft  the  precipitate  from  an 
equal  quantity  of  the  water  boiled  and  decom- 
pofed by  the  barytic  folution,  and  the  difference 
in  the  weights  of  the  two  precipitates  of  fulphat 
of  barytes  would  indicate  the  quantity  of  ful- 
phuvic  acid  belonging  fimply  to  the  fulphuretted 
hydrogen. 

Mr.  Kirwan ’’  gives  the  following  method  of 
decompofing  the  fulphuretted  hydrogen  con- 
tained in  any  water  and  collecting  the  fulphur. 
Introduce  two  pounds  of  the  hepatic  water  into 
a bottle,  fo  as  to  fill  about  | of  its  capacity, 
and  place  it  in  a tub  filled  v/ith  common  water. 
Into  this  bottle  introduce  a few  cubic  inches  of 
nitrous  air,  which  will  be  immediately  decom- 
pofed, and  after  fome  time  the  water  will  be- 
come turbid.  Continue  letting  up  nitrous  air 
as  long  as  the  rednefs  of  its  mixture  with  com- 
mon air  flrews  its  decompofition ; this  done, 
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turn  up  the  mouth  of  the  bottle  and  blow  out 
the  refiduary  air.  If  the  hepatic  fmell  continues 
in  the  water,  repeat  the  addition  of  nitrous  air 
as  above  till  the  fmell  is  deftroyed.  Then  add 
a few  drops  of  nitrous  acid  to  prevent  the  pre- 
cipitation of  the  earths,  heat  the  water  to  150® 
for  an  hour  and  filter  it.  The  excefs  of  weight 
which  the  dried  filter  will  gain  over  its  original 
weight  will  indicate  the  weight  of  fulphur  fet 
free  by  this  procefs,  from  which  the  quantity 
of  fulphuretted  hydrogen  may  be  eftimated, 
jfllowing  3.33  cubic  inches  of  the  gas  for  every 
grain  of  fulphur. 

But  under  the  article  fulphuretted  hydrogen 
we  have  fliewn  the  great  diverfity  in  the  efti- 
mation  of  its  compofition  by  two  very  able 
chemifts  ; a diverfity  which  perhaps  may  arife 
from  fome  error  in  the  mode  of  computation, 
or  with  equal  probability  may  depend  on  a real 
variation  in  the  proportion  of  the  conftituents 
of  this  gas  according  to  the  mode  in  which  it  is 
procured  or  other  circumftances.  Hence  we 
can  have  but  little  reafon  to  truft  implicitly  in 
the  mode  of  eftimating  quantities  of  fulphuretted 
hydrogen  by  the  a£fual  weight  of  fulphur  pro- 
di  ced,  efpecially  in  fuch  dilute  folutions  of  this 
gas  as  the  native  fulphureous  waters  are,  of 
which  fome  of  the  ftrongeft,  fuch  as  that  of 
Harrogate,  contain  no  more  than  about  yV  of 
their  bulk. 

EJlunation  of  >he  Earthy  and  Metallic  Carbonats. 

Thefe  when  they  occur  fliould  next  be  ex- 
amined. They  are,  carbonat  of  magnefia,  of 
lime,  of  iron,  and  fometimes  of  alumine.  Of 
thefe  the  three  latter  are  totally  precipitable  by 
ebullition  for  a quarter  of  an  hour,  but  the  for- 
mer only  partially,  and  is  not  totally  feparated 
till  the  water  is  evaporated  to  a very  fmall  bulk. 
A given  quantity  therefore  of  the  water  (which 
may  be  the  portion  from  which  the  gafl'es  have 
been  feparated  by  ebullition)  fliould  firft  be 
boiled  for  a quarter  of  an  hour,  and  after  ftanding 
for  a ti.me  the  earthy  fediment  may  be  colletTed, 
edulcorated  and  dried.  Then  add  dilute  cold 
muriatic  acid,  which  can  rediflblve  only  lime, 
magnefia,  and  oxyd  of  iron,  an.*  leave  the  alu- 
mine- Add  cauftic  ammonia  by  drops  to  the 
folution,  which  will  feparate  firft  the  oxyd  of 
iron  coloured,  and  then  the  magnefia  nearly 
white,  whilft  the  lime  will  remain.  If  no  mag- 
nefia is  detected,  nothing  further  is  neceflary 
than  to  afeertain  the  adftual  quantities  of  the 
carbonats  of  lime,  iron  and  alumine,  the  latter 
being  left  undiflblved  by  the  muriatic  acid, 
and,  of  the  two  former,  the  iron  alone  being 
precipitated  by  ammonia  ; and  thus  each 


fubftance  is  obtained  feparate,  and  may  be 
brought  to  their  original  ftate  of  carbonat  by 
fubfequent  procefles  which  will  eafily  fuggeft 
themfelves.  But  if  the  fediment  depofited  by 
boiling  the  water  contains  any  carbonat  of  mag- 
nefia, it  is  a proof  that  fome  of  the  fame  earthy 
fait  remains  in  folution,  which  may  alfo  be 
further  confirmed  by  the  boiled  water  giving  a 
precipitate  with  muriated  alumine.  In  this  cafe 
a confiderable  quantity  of  the  water  fhould  be 
boiled  down  uninterruptedly  to  the  bulk  of  a 
few  ounces  and  allowed  to  cool.  Then  coliedl 
the  entire  fediment,  edulcorate  it  and  dry  it.  It 
now  contains  all  the  earthy  and  metallic  car- 
bonats, but  is  perhaps  mixed  with  fome  felenite, 
which  is  depofited  towards  the  end  of  the  eva- 
poration. Cold  dilute  muriatic  acid  will  then 
rediflblve  the  carbonats  of  lime,  magnefia,  and 
iron,  and  leave  the  felenite  as  well  as  the  alu- 
mine. The  muriatic  folution  then  contains  all 
and  only  the  lime,  magnefia,  and  oxyd  of  iron 
which  exifted  in  the  water  in  the  ftate  of  car- 
bonat, thefe  Mr.  Kirwan  propofes  to  feparate 
in  the  following  way.  Add  ammonia  to  the 
folution  to  feparate  the  magnefia  and  iron  and 
leave  the  lime.  Rediflblve  the  magnefia  and 
iron  in  muriatic  acid,  and  precipitate  both  by 
carbonat  of  foda,  and  expofc  the  precipitate 
while  moift  to  the  air  for  a few  days.  Diftilled 
vinegar  applied  without  heat  will  then  rediflblve 
only  the  carbonat  of  magnefia  and  leave  the 
iron.  The  reafon  of  this  fecond  folution  of  the 
magnefia  and  iron  is  in  order  to  carbonate  the 
magnefia  by  precipitation  with  a carbonated 
alkali,  for  when  this  earth  is  pure  it  is  not  eafily  ' 
foluble  in  acids,  and  it  is  by  the  eafy  folubility 
of  its  carbonat  that  it  is  to  be  feparated  from 
the  oxyd  of  iron  in  this  inftance. 

The  above  method  of  feparating  the  earths 
and  iron  is  inaccurate,  inafmuch  as  it  is  fully 
afeertained  that  ammonia  will  never  feparate 
the  whole  of  the  magnefia  from  its  acid  folu- 
tions, and  therefore  though  it  is  extremely  ufe- 
ful  as  a teft  to  afl'ay  any  liquor  for  magnefia,  it 
cannot  be  depended  on  to  give  the  ablual  quan- 
tity of  this  earth.  The  difficulties  and  the  bell 
methods  at  prefent  known  of  feparating  lime 
and  magnefia,  are  mentioned  under  the  articles 
Stilphat  (p.  389),  Muriat  (p.  133),  and  LimCy 
(p.  41).  They  are,  either  by  converting  both 
into  fulphats  and  calcining  the  mixture,  which 
will  render  the  fulphat  of  magnefia  alone  foluble 
in  cold  water  j or  by  converting  them  into  mu- 
riats  and  heating  them  nearly  to  rednefs,  by 
which  the  muriatic  acid  is  driven  off  from  the 
magnefia  alone  (whereby  it  is  rendered  infolu- 
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tie  in  water)  and  not  from  the  lime.  In  either 
cafe  however  the  prefence  of  iron  would  prove 
embarraffing,  and  in  the'Iatter  much  of  it  would 
be  volatilized  with  the  muriatic  acid,  and  there- 
fore we  fhould  advife,  firfl;  to  feparate  it  from 
the  muriatic  folution  by  pruffic  acid  or  fuccinat 
of  ammonia,  then  to  throw  down  the  earths  by 
carbonat  of  foda,  to  edulcorate,  and  rediffolve 
them  either  in  fulphuric  or  muriatic  acid,  ac- 
cording to  the  method  of  feparation  adopted. 
On  the  whole  we  fhould  prefer  the  fulphuric 
acid. 

EJUmniion  of  the  remaining  Subflances. 

’ We  have  now  feparated  from  the  water,  and 
eflimated  all  the  gaffes  and  all  the  earths  and 
oxyd  of  iron  held  in  folution  by  carbonic  acid. 
The  water  therefore  now  can  only  contain  fixed 
falts,  with  alkaline,  earthy,  or  metallic  bafes, 
filex,  and  extra£live  or  carbonaceous  matter. 
If  the  prefence  of  carbonat  of  magnefia  has 
made  it  neceffary  to  evaporate  nearly  to  drynefs, 
and  if  any  fulphat  of  lime  has  precipitated,  it 
fliould  be  added  to  the  remaining  water  after 
the  magnefian  carbonat  has  been  abflracled. 

It  fhould  be  premifed  that  if  the  tefts  indi- 
cated any  ammonia  in  the  water,  it  fhould  firft 
be  feparated  by  diftillation  in  the  way  already 
mentioned. 

The  further  operations  to  bo  performed  upon 
the  water  muff  be  regulated  in  a good  meafure 
by  the  contents  pointed  out  by  the  different  re- 
agents. If,  for  example,  no  earthy  fait  now 
remains,  but  both  fulphuric  and  muriatic  acid 
are  indicated,  and  at  the  fame  time  no  excefs 
of  acid  or  alkali  exifts,  we  may  conclude  that 
all  the  remaining  faline  ingredients  are  fulphat 
and  muriat  of  foda  (potafli  being  extremely  rare) 
and  it  then  becomes  a queltion  which  is  the  befb 
mode  of  eftimating  their  refpedfive  quantities. 
If  at  the  fame  time  an  excefs  of  alkali  exifts, 
we  .may  conclude  that  together  with  thefe  falss 
carbonat  of  foda  is  contained. 

The  way  of  afcertaining  the  fixed  falts  of  any 
mineral  water,  which  till  lately  has  been  the 
molt  frequent,  is  that  recommended  by  Berg- 
man, and  which  indeed  would  firft  fuggeft 
itfelf,  namely,  to  evaporate  the  liquor  till  the 
lead  foluble  fait  began  to  cryftallize,  and  then 
by  a judicious  alternation  of  gradual  warmth, 
and  of  cooling,  to  endeavour  to  obtain  the  dif- 
tinci  cryftals  of  each  fait  to  the  laft  drop  of  the 
folution. 

But  though  evaporation  and  cryftallization  are 
extremely  ufeful  and  indeed  almoft  indifpenfible 
to  fafisfy  the  chemift  as  to  the  real  nature  of 


the  faline  and  other  contents,  it  has  long  been 
found  impra£ficable  even  by  the  moft  Ikilful 
operators,  perfectly  to  feparate  any  two  falts  in 
this  manner.  This  is  caufed  partly  by  the  in- 
creafed  folubility  which  two  falts  give  to  each 
other  when  held  in  folution  in  the  fame  liquid  ; 
partly  by  the  change  in  the  natural  form  of 
cryftals  which  is  fometimes  produced  j and 
partly  by  the  extreme  difficulty  of  picking  out 
cryftals  which  grow  mo.re  and  more  minute  in 
proportion  as  the  bulk  of  the  folution  is  leffened 
by  the  repeated  abftraddion  of  its  contents. 
The  great  difficulty  too  in  retaining  exa£Uy  the 
fame  proportion  of  water  of  cryftallization  is 
another  objection  to  this  mode,  though  this 
might  be  remedied  by  expofing  the  fait,  when 
obtained,  to  fuch  a degree  of  heat  as  will  pro- 
duce an  uniform  deficcation.  The  beft  analyfts 
therefore  have  nearly  abandoned  the  attempt  at 
eftimating  acftual  quantities  of  faline  ingredi- 
ents (where  accuracy  is  required)  by  cryftal- 
lization,  except  where  no  other  mode  can  well 
be  adopted,  as  is  the  cafe  w'ith  the  nitrous  falts. 
The  method  commonly  preferred  is  to  decom- 
pofe  thefe  falts  in  fuch  a manner  as  to  produce 
an  infoluble  precipitate  with  one  or  other  of 
their  ingredients,  and  from  the  weight  of  this 
to  eftimate  (from  previoufly  known  data)  the 
quantity  of  the  decompofed  fait.  The  falts 
with  alkaline  bafes  are  eftimated  by  the  preci- 
pitate which  their  acids  form  with  earthy  or 
metallic  bafes ; the  fulphats,  for  example,  are 
analyfed  by  falts  of  barytes  or  lead  ; the  muriata, 
by  falts  of  filver  ; the  borats,  by  lead,  Sec.  The 
falts  wdth  earthy  bafes  are  eftimated  by  fepa- 
rating  either  their  earth  (generally  by  a car- 
bonated alkali)  or  their  acid,  and  v/here  it 
can  be  done  it  is  more  fatisfadlory  to  employ 
both. 

Another  procefs  is  ufed  to  afeertain  quantities 
of  unneutralizted  acid  or  alkali  exifting  in  any 
water,  as  of  foda  for  example,  or  rather  its 
carbonat,  which  is  a frequent  ingredient  in 
many  hot  mineral  waters.  This  was  firft  ufed 
we  believe,  by  Dr.  Black,  in  his  analyfis  of  the 
Iceland  hot  waters,  and  it  confifts  in  exadlly 
faturating  the  alkali  tvith  a portion  of  any  acid 
(or  vice  verfa,  the  acid  with  an  alkali)  whofe 
ftrength  has  previoufly  been  determined  by 
trials  upon  knowm  quantities  of  the  fame  acid 
or  alkali.  Thus  in  the  above  example  a very 
dilute  vitriolic  acid  was  ufed,  whofe  power  of 
faturating  foda  had  been  previoufly  tried,  and 
the  delicate  tefts  of  litmus  and  violet  were  em- 
ployed to  hit  the  precife  point  of  faturation. 
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We  {hall  add  In  the  appendix  a table  of  a 
few  of  the  moft  important  correfponding  quan- 
tities ■ of  precipitates  with  falls  which  are  the 
moft  frequently  ufed  in  analyfis. 

To  proceed  with  the  examination  of  the  de- 
aerated water  freed  from  the  earthy  carbonats. 

Evaporate  a given  quantity  (which  with  moft 
waters  (hould  not  be  lefs  than  about  a gallon) 
with  a heat  which,  to  fave  time,  may  be  that  of 
boiling  till  towards  the  end,  when  a more  gentle 
heat  muft  be  ufed  to  avoid  decompofing  or 
volatilizing  any  part  of  the  ingredients.  The 
evaporation  may  be  carried  on  in  almoft  any 
clean  velTel,  efpecially  where  no  excefs  of  acid 
exifts  in  the  water,  but  when  only  a few  ounces 
are  left,  it  Ihould  be  transferred  to  a glafs  or 
filver  difti,  with  every  thing  that  may  have 
fubfided  in  the  boiling,  and  brought  by  a flow 
fire  to  perfeft  drynel's.  The  further  manage- 
ment of  this  refidue  depends  on  the  nature  of 
its  contents.  If  previous  experiments  have 
fiiewn  that  no  earthy  or  metallic  fait  exifts  in 
the  boiled  water,  it  will  be  fufficient  to  re-dif- 
folve  it  in  a little  warm  diftilled  water,  by 
which  any  filex  that  may  be  contained  will  be 
left  behind  ; and  the  latter  may  be  ftill  further 
known  by  its  infolubility  in  muriatic  acid,  and 
by  fufion  with  foda. 

The  aqueous  folution  can  then  contain  only 
any  acid  or  alkali  which  may  exift  in  excefs, 
and  any  neutral  falls  with  alkaline  bafes.  Then 
faturate  an  aliquot  part  of  the  folution  and  aflay 
it  with  tartareous  acid,  which  in  this  concen- 
trated ftate,  will  precipitate  cream  of  tartar  if 
potafh  exifts.  If  none  is  found  (which  is  by 
-far  the  moft  common)  the  alkali  muft  then  be 
foda,  and  the  nature  of  the  acids  being  alfo 
found,  the  refpedfive  quantities  of  the  neutral 
falls  may  eafily  be  inferred  in  the  wav  above 
mentioned.  Thus  if  the  water  indicate  fulphu- 
ric  and  muriatic  acid,  and  an  excefs  of  foda 
(which  is  the  cafe  with  the  Carlsbad  water, 
analyfed  by  Klaproth)  the  alkali  is  firft  to  be  fatu- 
rated  with  fulphuric  acid  of  a known  Rvength, 
and  the  whole  fulphat  decompofed  by  acetite 
of  barytes.  Then,  calculate  the  equivalent  quan- 
tity of  fulphat  of  foda  to  the  fulphat  of  barytes 
obtained,  fubtraft  that  portion  of  it  which  is 
formed  by  the  fulphuric  acid  employed  to  fatu- 
rate the  uncombined  foda,  the  relidue  is  the 
portion  of  fulphat  of  foda  natural  to  the  water. 
The  muriat  of  foda  is  then  indicated  by  nitrat 
of  filver,  allowing  ico  parts  of  iuna  cornea  to 
be  equivalent  to  428.25  parts  of  common  fait. 

'Fhe  excefs  of  fixed  acid  where  it  exifts  is 
almoft  always  the  fulphuric,  but  it  has  hitherto 


been  only  found  in  company  with  alum,  or 
other  fulphuric  falls,  that  have  a natural  excefs 
of  jicid.  If  it  fhould  ever  be  found  only 
alfociated  w'ith  alkaline  fulphats  or  muriats, 
this  excefs  may  be  found  by  adding  barytic 
w'ater  merely  to  faturation,  and  no  further, 
which  will  then  only  indicate  the  excefs  of  acid. 

But  the  greater  number  of  mineral  waters 
contain  fome  earthy  fait,  the  acid  of  which  is 
fixed,  fo  that  it  remains  in  folution  after  boiling 
and  concentration.  This  acid  is  hardly  ever 
any  other  than  the  fulphuric  and  muriatic,  and 
the  earth  is  moft  commonly  lime  or  magnefia. 
Therefore  only  four  earthy  falls  may  be  expe£fed 
(not  all  together  indeed,  as  they  would  decom- 
pofe  each  other)  namely,  fulphat  of  lime,  muriat 
of  lime,  fulphat  of  magnefia,  and  muriat  of  mag- 
nefia. Of  thefe  falls  the  fulphats  are  infoluLle 
in  alcohol,  but  the  muriats  are  extremely  foluble. 
This  therefore  affords  a very  uieful  means  of 
feparating  fome  of  them.  For  this  purpofe  put 
the  entire  dry  refidue  in  a phial,  pour  on  it  about 
five  or  fix  parts  of  high'y  reftified  alcohol,  and 
let  tlie  mixture  remain  for  fome  hours  with 
frequent  agitation.  The  alcoholic  folution  can 
then  contain  only  muriat  of  lime  and  magnefia, 
if  the  alcohol  has  been  highly  reftified  ; if  not 
it  may  alfo  diffolve  a little  muriat  of  foda.  The 
method  of  feparating  and  eftimatTng  a mixed 
muriat  of  lime  and  magnefia,  has  already  been 
mentioned.  The  refidue  which  is  not  diffolved 
by  the  alcohol  may  contain  the  fulphats  of  lime 
and  ma  nefia,  of  which  the  latter  fait  is  eafily 
foluble  in  water,  but  the  former  with  great  diffi- 
culty unlefs  affifted  by  an  acid.  The  mode  of 
feparating  thefe  has  alfo  been  mentioned. 

With  regard  to  fulphat  of  lime  which  is  fo 
common  an  ingredient  in  waters,  it  is  of  ufe  to 
know  that  when  it  is  in  folution  in  aS  final  1 a 
'bulk  of  w'ater  as  polfible,  and  efpecially  when 
affifted  by  ari  excels  of  acid,  it  may  be  totally 
precipitated  by  adding  a much  fmaller  quantity 
of  alcohol  than  wdll  feparate  any  other  of  the 
fulphats,  as  has  been  mentioned  under  the 
article  Sulpha  f of  Lime. 

Sulphat  of  iron  is  now  and  then  found  in 
mineral  waters,  thougli  much  more  rarely  than 
might  be  expeefed  from  the  irequency  of  pyrites 
in  moft  parts  of  the  earth.  When  a water  re- 
mains chalybeate  after  boiling,  we  may  pretty 
fafely  infer  that  the  iron  is  united  to  the  ful- 
phuric acid  But  as  fulphat  of  iron  is  partly 
decompofed  by  expofure  to  air,  the  refidue, 
after  the  water  has  been  evaporated  to  drynefs, 
contains  both  fulphat  of  iron  and  fome  uncom- 
biiied  oxyd  of  this  metal,  and  the  fulphat  is  theu* 
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partly  changed  to  the  red  fulphat,  or  that  in 
which  the  iron  is  in  its  higher  flaie  of  oxyge- 
nation. Ii  is  not  polTible  therefore  to  procure 
witli  any  accuracy  fmall  quantities  of  fulphat 
of  iron  from  any  mineral  water  by  evaporation, 
or  any  other  known  way,  fo  that  the  only  me- 
thod feems  to  be,  to  obtain  the  whole  of  the 
oxyd  of  iron  feparate  from  every  other  ingre- 
dient, to  bring  it  to  a known  ftate  of  oxygena- 
tion, and  then  to  eftimate  its  equivalent  quantity 
of  green  or  cryllallized  fulphat. 

The  methods  in  which  this  may  be  done  will 
be  fuggefted  by  comparing  the  beft  analyfes  of 
iron.  PrufTiat  of  potath  feems  on  the  whol ' to 
be  preferable  where  this  fait  is  properly  prepared. 
Muriat  of  iron  has  not  yet  been  found.  If  un- 
combined with  the  fulphat,  it  might  be  dif- 
covered  by  not  depofiting  its  oxyd  during  eva- 
poration, and  by  being  foluble  in  alcohol ; and 
even  if  both  falts  of  iron  were  prefent,  and  no 
earthy  muriat,  it  might  be  detedbed  by  evapo- 
ration, by  treatment  with  alcohol,  which  would 
then  dilTolve  both  falts  of  iron  (the  green  ful- 
phat being  converted  by  the  boiling  into'the  red, 
which  is  foluble  in  alcohol)  and  by  fulphat  of 
filvcr  added  to  the  alcoholic  folution.  But  where 
other  muriats  foluble  in  alcohol  alfo  exifted,  it 
would  require  a complicated  procefs  to  detedb 
muriat  of  iron  combined  with  the  fulphat. 

In  giving  the  refults  of  the  analyfis  of  a 
mineral  water,  the  prefent  ftate  of  chemical 
knowledge  demands  that  the  particulars  of  the 
procefs  (at  leaft  the  outlines)  fhould  be  given, 
together  v/ith  the  data  from  which  the  infer- 
ences of  quantities  are  eftimated.  It  is  alfo 
ell'ential  for  the  operator  to  preferve  fome  uni- 
form method  of  drying  his  falts  and  precipitates, 
and  the  temperatures  at  v/hich  this  is  performed 
ihould  r.ever  be  omitted.  A greater  attention 
to  this  point  would  enable  us  often  to  reconcile 
the  flatements  of  chemifts  of  known  fidelity, 
which  now  differ  widely,  and  might  lead  to 
many  important  difeoveries  in  the  complicated 
and  difficult  fubjecl  of  chemical  affinity. 

WATER  OF  THE  SEA. 

The  analyfis  of  fea-water  and  the  chemical 
ufes  to  which  it  is  applied,  will  be  found  under 
the  articles  Muriat,  p.  124,  and  Sulphat, 
p.  388,  of  this  volume. 

WATER  OF  CRYSTALLIZATION  is  that 
portion  of  water  which  mod  falts  retain  when 
in  their  cryftallized  form.  The  relative  quantity 
of  this  water  to  the  faline  part  varies  extremely. 
In  fome  it  is  not  more  than  2 or  3 per  cent,  in 
■others  it  forms  more  than  half  the  cryftal.  In 


the  former  cafe  the  falts  are  hard  and  decrepi- 
tate when  brifkly  heated ; in  the  latter  they 
liquefy.  The  quantity  of  this  water  often  varies 
in  the  fame  fait  much  more  than  would  be  ex- 
pedfed  from  the  fimilarity  in  form  and  appear- 
ance, which  will  partly  account  for  the  great 
difference  which  we  find  in  the  edimation  of 
their  contents,  as  given  by  different  chemical 
writers. 

Wax.  La  Cire.  Fr.  Wachs.  Germ. 

There  are  two  or  three  fubdances  which  re- 
femble  each  other  fo  clofely  as  to  have  received 
the  name  of  Wax.  The  fird,  and  by  far  the 
mod  important  is  Bees  Wax,  which  is  con- 
fumed  in  fuch  vad  quantities  for  giving  light, 
and  is  alfo  ufed  for  a variety  of  other  purpofes. 
Another  kind  of  wax  is  the  myrtle  wax,  which 
is  extradbed  pretty  largely  in  Louifiana  and  fome 
other  parts  of  America,  from  the  Myrica  Ceri- 
fera.  Another  fubdance  very  fimilar  to  wax  is 
the  Be  La  of  the  Chinefe,  the  produ£b  of  an 
infeed,  the  exadb  fpecies  of  which  is  not  known  *, 
and  the  white  matter  which  yields  the  Laccic 
Acid  has  alfo  a drong  refemblance  to  wax. 

The  properties  which  all  thefe  fubdances 
have  in  common  are,  fufibility  at  a moderate 
heatj  when  kindled,  burning  with  much  flame  j 
infolubility  in  water,  folubility  in  alkalies,  and 
alfo  in  alcohol  and  ether.  In  thefe  two  latter 
properties  all  the  fpecies  of  wax  differ  from  the 
concrete  oils,  with  which  in  other  refpeids 
they  have  a very  ffrong  refemblance. 

Bees  Wax  is  the  fubdance,  excreted  from 
the  body  of  the  bee,  of  which  thefe  infedbs  con- 
dru£b  their  cells,  both  thofe  for  containing 
honey  and  for  the  lodgment  of  their  young.  It 
is  colleided  for  the  ufe  of  man  whei'cver  bees 
are  kept.  A young  hive  will  yield  at  the  end 
of  the  feafon  about  a pound  of  wax  ; and  an  old 
hive  about*  twice  as  much.  The  colour  of  wax 
when  frefii  from  the  bee  is  nearly  white,  but  it 
foon  grows  confiderably  yellow  in  the  hive,  or 
if  very  old  is  of  a dark  brown.  The  origin  of 
the  wax  we  fhall  mention  afterwards.  The 
fined  wax  is  found  to  be  made  in  dry,  heathy, 
or  hilly  countries,  but  it  is  decidedly  inferior  in 
parts  full  of  vineyards.  The  loaves  of  common 
bees  wax  are  made  immediately  from  the  honey- 
comb, by  a flight  preparation.  The  combs  are 
fird  emptied  of  all  the  honey  that  can  be  col- 
lecbed  by  the  prefs,  and  are  then  either  foaked 
for  fome  days  in  clear  water  to  extrafb  all  the 
remaining  honey,  or  in  fome  parts  they  are 
broken  down  and  fpread  on  a ffieet  in  the  neigh- 
bourhood of  the  hives,  and  in  time  the  bees 
fuck  out  all  the  honey  that  is  left,  and  reduce 
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the  wax  to  fmall  pieces  like  bran.  The  whole 
of  the  wax  is  then  melted  in  a clean  copper  with 
boiling  water,  and  ftrained  by  a prefs  through 
cloth  bags,  to  free  it  from  every  impurity.  It 
is  then  caft  into  cakes,  in  which  form  it  is  re- 
ceived by  the  wax-refiners. 

The  wax  of  thefe  cakes,  which  is  the  ordi- 
nary bees  wax  of  the  (hops,  is  a pale  yellow  fub- 
ftance,  of  an  agreeable  honey-like  fmell,  foft, 
and  fomewhat  un£tuous  to  the  touch,  but  with- 
out {ticking  to  the  fingers,  in  winter  becoming 
confiderably  hard  and  tough,  and  melting  at 
about  142®. 

This  yellow  colour  and  the  fmell  of  wax  are 
entirely  taken  away  by  expofing  it,  when  divided 
into  thin  laminae,  to  the  united  action  of  the 
light  and  air,  and  by  this  means  it  becomes 
perfedtly  white,  fcentlefs,  fomewhat  harder  and 
lefs  greafy  to  the  touch,  and  in  this  (late  it  is 
employed  for  candles  and  many  other  purpofes. 
The  procefs  of  bleaching  wax  is  the  following 
The  yellow  wax  is  firft  broken  into  fmall  pieces 
and  melted  in  a copper  cauldron  along  with  a 
very  little  water,  juit  fufficient  to  prevent  the 
wax  from  burning,  for  it  is  of  importance  to 
ufc  no  more  heat  than  is  necelTary.  The  plug 
of  the  copper  is  then  drawn,  and  the  melted  wax 
and  water  fall  together  into  a veflel  below, 
where  it  is  covered  with  a thick  cloth  to  keep 
in  the  heat  for  fome  time,  that  the  water  and 
impurities  may  fettle.  The  clear  melted  wax 
is  then  fuffered  to  flow  into  a velTel  with  the 
bottom  full  of  fmall  holes  about  the  fixe  of  a 
grain  of  wheat,  whence  it  falls  in  fmall  {treams 
upon  a cylinder  kept  conflantly  revolving  over 
water  in  which  it  partly  dips,  by  which  the  wax 
is  immediately  cooled,  and  at  the  fame  time 
drawn  out  into  thin  {hreds  or  ribbands.  Thefe 
fhreds  are  then  fpread  upon  cloths  ftretched  on 
large  frames,  which  are  Supported  a foot  or  tw'o 
from  the  ground,  and  after  expofure  to  the  fun 
and  air  for  feveral  days,  with  frequent  turning, 
their  yellow  colour  nearly  difappears.  The 
half-bleached  v/ax  is  then  heaped  up  in  a folid 
mafs,  and  allowed  to  remain  for  a month  or  fix 
weeks,  after  which,  to  give  it  compleat  white- 
nefs,  it  is  re-melted,  and  ribbanded,  and  bleached 
as  before,  till  it  is  entirely  void  of  colour  and 
fmell.  Some  manufacturers  add  in  the  re-melt- 
ing  either  alum  or  cream  of  tartar,  or  fometimes 
milk,  all  of  which  are  fuppofed  to  increafe  the 
whitenefs  and  folidity  of  the  wax. 

Inftead  of  fpreading  the  ribbands  of  wax  on 
cloths,  feme  employ  a broad  courfe  of  bricks 
laid  evenly,  which  are  frequently  watered  to 


prevent  the  wax  from  melting  by  the  heat  of 
the  fun  abforbed  by  the  bricks. 

Wax  is  frequently  adulterated  by  tallow,  fuet, 
or  animal  fat  of  fome  kind  or  other.  This  gives 
the  mixture  a greater  fufibility,  fo  that  when 
ribbanded  and  expofed  to  a hot  fun  it  is  ex- 
tremely apt  to  cake.  It  alfo  takes  away  from  it 
the  femi-tranfparency,  which  is  a diftinguifhing 
property  of  pure  bleached  wax ; for  though  fine 
tallow  is  full  as  white  as  wax,  it  is  always  a 
dead  opake  white.  The  adulteration  may  alfo 
be  dete£led  by  boiling  alcohol,  which  diilblves 
wax  but  not  tallow. 

Bleached  wax  burns  with  a very  pure  white 
light,  and  gives  no  ofFenfive  fmell,  and  very 
little  fmoke  compared  with  tallow.  Being  lefs 
fufible  than  tallow  it  requires  a fmaller  Avick. 
Bleached  wax  melts  at  about  15  ;®  or  7°  higher 
than  the  unbleached.  Its  fpecific  gravity  is  lefs 
than  that  of  water,  being  about  .96. 

Alcohol  has  no  fenfible  a£fion  om  wax  when 
cold,  but  on  boiling  this  fluid,  it  difl'olves  rather 
lefs  than  of  its  weight  of  wax,  the  greater 
part  of  which  feparates  when  cold  in  the  form  of 
white  bulky  flocculi,  and  what  little  remains  in 
folution  is  entirely  precipitated  by  v/ater. 

Sulphuric  ether  difl'olves  wax  when  a little 
heated,'  and  much  more  copioufly  than  alcohol 
does,  but  the  greater  part  is  alfo  feparated  by 
cooling  and  the  remainder  by  water. 

When  wax  is  boiled  in  caullic  potafh,  the 
fluid  becomes  turbid,  but  after  a time  mod  of 
the  wax  rifes  to  the  furface,  and  in  a flocculent 
form.  The  clear  alkaline  liquor  then  holds  in 
folution  a portion  of  the  wax,  which  may  be 
feparated  by  an  acid,  and  the  part  that  remains 
on  the  furface  is  fo  far  faponified  as  to  have  loft 
its  inflammability,  and  to  be  as  folubie  in  pure 
water  as  white  foap  is,  and  again  precipitable  by 
acids  nearly  in  its  original  form,  v/ith  its  inflam- 
mability reftored.  Pure  ammonia  a£ts  nearly 
as  the  fixed  alkalies,  but  the  rcfulting  fapona- 
ceous  feum  is  lefs  folubie  in  water. 

If  waX  is  diftilled  with  a heat  greater  than 
that  of  boiling  water  it  is  deco  iipofed.  A 
fmall  quantity  of  water  firft  riits  whic't  is  fol- 
lowed by  a very  penetrating  volatile  acid  (pro- 
bably a modification  of  the  acetous)  accom- 
panied with  a little  very  fluid  and  odoriferous 
oil.  As  the  ciftillation  advances  the  acid  be- 
comes ftronger,  and  the  oil  much  more  copious 
and  thicker,  till  at  laft  its  confiltence  is  fuch  as 
to  become  folid  in  the  receiver,  wl  en  it  is  called 
Butter  of  Tf'  ax.  When  the  heat  is  raifeil  to  low 
rednefs,  and  every  thing  volatile  has  come  over, 
Maetjucr’s  Did. 


* Encycl.  Arts  et  Mot,.  ‘ Bollock  in  ?hil,  Jovirn.  Vol.  iv.  p,  184. 
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?,  fmal!  quantity  of  coal  is  left  behind.  The 
oil  and  butter  of  wax,  if  aj^ain  dillilled  in  a 
gentle  heat,  become  more  and  more  fuid,  and 
at  the  fame  time  acquire  a greater  folubility  in 
fpirit  of  wine,  and  this  oil  never  hardens  by 
keeping. 

Wax  is  foluble  abundantly  in  the  fixed  oils, 
and  when  melted  with  them  an  uniform  mafs  is 
produced,  whatever  be  the  proportions  of  each, 
the  confiflence  of  which  is  intermediate  between 
the  two.  Oil  and  wax  fometimes  with  fperma- 
ceti,  form  the  bafis  of  moll  of  the  cerates  and 
ointments  ufed  in  pharmacy. 

The  efl'ential  oil^difTolve  wax  but  fparingly. 

I he  action  of  the  acids  upon  yellow  wax 
has  been  examined  in  a feries  of  experiments 
by  Beckman,^  particularly  with  a view  to  their 
bleaching  power.  The  fame  fubje£t  has  alfo 
been  followed  by  Semiebier,  ® who  has  added 
fome  remarks  on  the  effe£l  of  light  and  other 
fuppofed  decolouring  agents. 

'I'he  operation  of  light  was  thus  fhewm  ; fome 
yellow  wax  was  melted  and  thinly  fpread  on  a 
plate  of  glafs ; a fimilar  plate  was  laid  upon  it 
when  hot,  and  the  edges  of  the  plates  were 
clofed  with  fealing  wax.  The  bees-wax  there- 
fore was  deprived  of  the  accefs  of  air,  and  it 
was  placed  in  the  fun,  and  expofed  to  its  light 
for  four  or  five  hours  daily.  Another  quantity 
of  wax  was  inclofed  between  plates  in  a fimilar 
manner,  but  kept  in  the  dark.  In  two  days 
the  wax  kept  in  the  fun  began  to  bleach,  and 
in  a month’s  time  the  whole,  where  it  did  not 
exceed  two  lines  (-g-  of  an  inch ) in  thicknefs, 
was  quite  white,  whilfl  no  change  whatever 
took  place  in  that  v/hich  was  kept  in  darknefs. 

If  thin  fiiavings  of  wax  are  immerfed  in  either 
of  the  three  mineral  acids,  ^ a little  dilute,  in  a 
few  hours  the  yellow  colour  difappears,  and  the 
wax  is  rendered  partly  white,  partly  pellucid. 
No  further  change  takes  place,  nor  is  the  colour 
of  the  acid  at  all  altered  (unlefs  heat  be  applied) 
for  many  weeks.  The  bits  of  wax  are  however 
much  hardened  by  remaining  in  the  acid,  fo  as 
to  rattle  when  fhaken  againfl  the  fides  of  the 
glafs,  and  by  brilk  agitation  they  may  be  broken 
down  into  very  minute  white  flocculi.  This 
change  takes  place  much  the  moft  rapidly  in 
the  nitric  acid,  or  in  the  nitro-muriatic,  and  it 
is  compleatly  elFedled  in  an  hour  or  two.  It 
alfo  happens  when  wax  is  melte^d  in  nitric  acid, 
though  lefs  rapidly.  This  circumftance  led  the 
author  of  thefe  experiments  to  expedl  that  fome- 
. thing  might  be  done  in  the  large  way  in  bleach- 


ing wax  by  nitric  acid,  but  this  hope  proved 
fallacious,  tor  on  removing  the  wax  from  the 
acid  and  melting  it  in  water,  (which  is  necefiary 
to  extradl  the  acid)  the  wax  relumes  a yellow 
colour,  and  the  water  alfo  becomes  of  a high 
brown  yellow.  By  repeatedly  melting  the  wax 
in  water  (without  any  additional  acid)  it  be- 
comes more  and  more  yellow,  and  at  the  fame 
time  grows  harder  and  much  more  fufible  than 
at  firll. 

Neither  is  the  vapour  of  burning  fulphur, 
which  fo  fpeedily  bleaches  filk  and  many  other 
fubflances,  more  fuccelsful  in  depriving  wax 
of  its  colour. 

The  effedl  of  caufllc  alkali  upon  wax  ha* 
been  already  mentioned.  When  yellow  wax  ; 
has  long  been  fwimming  in  a folution  of  carbo- 
nat  of  potafh,  it  becomes  grey,  and  this  colour  . 

is  entirely  changed  to  a milk-white  by  fubfe-  1 

quent  digeltion  in  nitric  acid,  and  the  wax  re-  j 
fumes  its  whitenefs.  1 

Profeflbr  Beckman  then  tried  the  whitening  M 
eftecl  of  fuller’s  earth,  or  fome  fimilar  fubllance,  ' 
being  led  to  ufe  it  from  the  known  power  which 
it  has  in  whitening  and  purifying  tartar.  Some  I 
yellow  wax  was  melted,  and  a quantity  of  ^ A 
this  earth  finely  powdered  was  fprinkled  in.  ® 
The  wax  was  then  melted  out,  and  being  fufed  ™ 
in  water  it  appeared  grey,  like  wax  half-bleached  > /' 
in  the  common  way,  which  the  author  fuppofes  /. 
would  fave  much  time  in  the  whole  procefs. 

A few  words  may  be  added  as  to  the  origin  t 
of  wax.  It  is  ufually  fuppofed  that  the  wax  is 
the  pollen  of  flowers,  which  the  bees  vifibly  ' • 
colle£l  on  their  thighs,  and  afterwards  elaborate 
in  fome  unknown  way.  The  great  difference  1 
between  wax  and  this  matter  which  the  bees 
colle£l,  has  however  been  long  remarked. 
When  ‘examined  by  the  microfeope  this  little 
mafs  of  pollen  is  obvioufly  compofed  of  a num- 
ber of  hard  grains  comprelTed  together,  and  if 
it  is  laid  on  a hot  plate,  it  does  not  melt  as  wax 
would  do,  but  fmokes,^^^ries,  and  is  reduced  to 
a coal,  and  if  kindled  it  burns  without  melting. 

Some  late  very  curious  experiments  of  Huber, f 
one  of  the  moll  celebrated  apiariffs  in  Europe, 
has  further  ffiewn  that  the  pollen  has  no  ffiare 
whatever  in  the  formation  of  wax,  but  that  this 
latter  fubllance  is  produced  indifcriminately 
from  honey,  fugar,  or  any  other  faccharine  mat- 
ter which  ferves  as  food  for  the  bees.  I he 
details  of  thefe  experiments  hardly  belong  to 
chemical  fubje£ls ; it  is  fufficient  to  mention 
that  they  were  performed  by  confining  feparate 


* Nov  Comment.  Soc.  Re^.  Gottinjj.  Vol.  v.  for  1774.  ' Journ.  de  Phyf.  Tom.  xxjcviii.  for  I79t< 
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fwarms  of  bees  within  their  hives,  and  feeding 
one  with  honey,  another  with  mufcovado  fugar, 
another  with  treacle,  another  with  refined  fugar, 
in  all  of  which  abundance  of  fine  wax  was  pro- 
duced : and  on  the  other  hand,  by  feeding  ano- 
ther hive  only  with  pollen  and  fruits,  no  wax 
whatever  was  formed,  though  the  bees  remained 
for  a week  in  their  confinement.  Other  obfer- 
vations  and  experiments  by  this  ingenious  natu- 
ralift  ftill  further  explain  this  fubje£t,  by  {hew- 
ing what  is  the  real  ufe  of  the  pollen,  namely, 
to  afford  fuftenance  for  the  larva  of  the  bee  the 
moment  it  is  hatched. 

The  Myrtle  Wax  is  a concrete  fubftance 
moderately  hard,  nearly  of  the  confiftence  of 
bees-wax,  and  of  a dingy  green  colour : it 
is  contained  in  abundance  in  the  berries  of  the 
Alyrica  lat'tfoliay  a fragrant  bufliy  (hrub  with 
leaves  like  the  myrtle,  which  grows  abundantly 
in  many  parts  of  North  America:  it  is  alfo  pro- 
cured from  another  fpecies  of  the  fame  genus, 
the  Myrica  Gale  which  is  common  in  boggy  mof- 
fes  in  fcveral  counties  of  England. 

A very  large  quantity  of  the  myrtle  wax  is 
extra£fcd  from  this  fhrub  in  Louifiana,  by  col- 
ledfing  the  berries,  boiling  them  with  water, 
and  bruifing  them  at  the  fame  time,  by  which 
the  wax  melts  out  and  rifes  to  the  top  as  a thick 
oily  feum,  which  is  eafily  feparated.  The  ber- 
ries yield  about  a fourth  of  their  weight  of  this 
wax.‘>  They  contain  alfo,  according  to  M. 
Cadet,  a confiderable  quantity  of  gallic  acid. 

This  wax  has  been  examined  chemically  both 
by  the  above-mentioned  chemift  and  by  Dr. 
Boftock,  and  it  is  found  to  referable  bees-wax 
fo  clofely  in  the  mod  important  properties,  that 
they  may  be  claffed  under  the  fame  genus  of 
chemical  bodies.  In  fome  refpe£fs  however 
thj  myrtle  wax  differs  from  that  of  the  bee. 
Its  fpecific  gravity  is  1.015,  fo  that  it  finks  in 
water.  It  melts.at  109°,  and  when  kindled  it 
burns  with  a clear  white  flame,  and  an  agreeable 
aromatic  odour,  and  produces  little  fmoke. 
With  alcohol,  ether,  and  the  alkalies,  its  habi- 
tudes clofely  referable  thofe  of  bees  wax,  only  it 
appears  to  be  a little  more  folubie  in  each  of 
thefe  menftrua.  The  acids  have,  when  cold, 
as  little  effe£l  on  the  myrtle  wax  as  on  that  of 
the  bee,  and  the  former  is  not  entirely  bleached 
by  digeftion  with  nitric  acid,  but  only  rendered 
of  a pale  yellow.  Caullic  potafh  however  in 
diffolving  it  whitens  it  compleatly.  No  attempts 
have  yet  been  made  to  bleach  it  in  the  large 
way  by  expofure  to  the  fun  and  air. 


The  myrtle  wax  is  ufed  largely  in  fome  parts 
of  America,  as  a material  for  candles,  and  on 
the  whole  it  appears  worthy  of  further  attention. 
WEIGHTS.  Sec  the  Appendix. 

WELD.  In  addition  to  what  has  been  faid 
on  the  ufe  of  this  plant  under  the  article 
Dxeing,  we  may  add  that  the  fine  delicate 
yellow  which  it  gives  is  much  employed  by 
the  paper  ffainers  in  this  town,  and  is  fold  in 
the  form  of  hard  lumps,  confifting  chiefly  of 
chalk  faturated  with  the  colouring  matter. 

The  following  is  given  by  Meffrs.  Collard 
and  Frafer  as  an  improved  procefs.*  Diffufe 
any  quantity  of  fine  whiting  in  boiling  water, 
add  thereto  one  ounce  of  alum  for  every  pound 
of  whiting,  which  will  caufe  a briik  eflervef- 
cence,  and  ftir  thefe  materials  well  together  till 
all  difengagement  of  gas  has  ceafed.  On  the 
other  hand,  boil  in  a feparate  veffel  fome  weld 
with  water  juft  enough  to  cover  it,  for  fifteen 
minutes,  filter  the  yellow  decodtion,  and  then 
mix  it  with  the  whiting  and  alumine  in  fuch 
proportions  as  that  the  earths  may  appear  to  be 
faturated  with  the  colouring  matter.  Then  let 
the  mixture  remain  a day  at  reft,  and  at  the  bot- 
tom will  be  the  precipitated  earth  firmly  united 
with  the  colour,  and  of  a fine  yellow  tinge,  which 
may  be  conveniently  dried  on  chalk-ftones. 

The  weld  yellow  is  a water  colour,  and  is 
never  mixed  with  oil. 

WELDING.  Welding  is  that  intimate 
union  produced  between  the  furfaces  of  two 
pieces  of  malleable  metal  when  heated  almoft 
to  fufion  and  hammered.  This  union  is  fo 
ftrong  that  when  two  bars  of  metal  are  pro- 
perly welded,  the  place  of  jun£fion  is  as  ftrong 
relatively  to  its  thicknefs  as  any  other  part  of 
the  bar.  Only  two  metals  are  capable  of  firm 
union  by  welding,  namely  platina  and  irotiy 
(which  fee). 

welter’s  TUBE.  See  Appendix  of 
Apparat”«. 

WERNERITE. 

Its  colour  is  intermediate  between  piftachia- 
green  and  Ifabella-yellow.  It  occurs  cryftal- 
lized  in  reftangular  tetrahedral  prifms,  termi- 
nated by  obtufe  tetrahedral  pyramids:  fome- 
times  the  lateral  edges  are  truncated,  forming 
an  odfohedral  prifm.  The  cryftals  are  fmail, 
and  laterally  aggregated.  It  is  more  or  lefs 
fhining  with  a luftre  between  greafy  and  pearly : 
its  fradture  is  curved  lamellar  in  two  diredlions, 
paffmg  into  uneven.  It  is  tranflucent,  and  fome- 
what  inferior  in  hardnefs  to  felfpar.  Sp.  gr.  3.6. 
Before  the  blow-pipe  it  intumefees,  and  melts 
* Phil.  Mag.  Vol.xiii. 
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eafily  into  a white  opake  enamel.  It  occurs  in 
the  iron  mines  of  Northo  in  Sweden,  and  near 
Arendahl  in  Norway. 

WETZCHIEFER.  See  Thonschiefer. 

WHINSTONE.  See  Basalt  and  Trap. 
WHITE  COPPER.  See  Copper.  (Alloys of). 

WHITE  LEAD,  or  Ceruffe.  See  Lead. 
WINE. 

Under  the  articles  Fermentatmi,  Brandy, 
Alcohol  and  Tartar,  v/e  have  already  defcribed 
(fufficiently  at  length  for  a manufaHure  not 
ufed  in  this  country)  the  method  of  converting 
the  grape  juice  into  wine,  and  of  procuring 
ardent  Ipirit  from  the  latter  by  dillillation ; 
we  fhall  therefore  in  this  place  only  mention 
the  analyfis  of  wine  as  given  by  M.  Chaptal  in 
his  elegant  and  valuable  memoirs  on  the  culture 
and  produce  of  the  vine\ 

All  wines  contain  an  acid,  alcohol,  tartar, 
extraft,  aroma,  and  a colouring  matter.  The 
prefence  and  nature  of  each  of  thefe  principles 
may  be  afcertained  in  the  following  way. 

I.  Acid.  All  wines,  even  the  foftefl  and 
mildeft,  redden  litmus,  and  therefore  contain  an 
acid.  This  abounds  however  chiefly  in  the 
thin  wines  of  wet  and  cold  climates,  where  the 
grape  juice  or  inuji  contains  but  a fmall  por- 
tion of  fugar.  When  wine  has  been  boiled  to 
extra£I  the  brandy,  the  liquor  that  remains  in 
the  ftill,  and  is  thrown  away  as  ufelefs,  is  a four 
naufeous  fluid  with  an  acrid  and  burnt  flavour. 
When  filtered  and  allowed  to  remain  at  reft 
for  a time,  it  depofits  a good  deal  of  extrac- 
tive matter,  becomes  covered  with  mould,  and 
then  contains  a notable  quantity  of  acetous 
acid,  which  may  be  feparated  by  diftillation. 
The  acid  is  ho  - ever  not  entirely  acetous,  at 
leaft  not  till  after  ftanding  a confiderable  time, 
for  it  precipitates  and  forms  an  infoluble  fait 
with  lime  water,  and  with  the  folubJe  falls  of 
filver,  lead,  and  mercury,  and  appears  to  be  the 
JiTahc  acid  mixed  with  a little  Citric,  both  of 
which  are  converted  into  vinegar  by  fpontaneous 
decornpofition.  The  wines  that  contain  the 
greateft  quantity  of  thefe  acids  yield  the  worft 
brandy,  nor  is  there  any  method  yet  knowm  of 
feparating  or  neutralizing  the  acid  without  ma- 
terially injuring  the  quality,  or  leflening  the 
quantity  of  the  ardent  fpirit. 

2.  Alcohol.  The  exiftence  of  this  principle 
and  mode  of  extradlion  by  diftillation  has  been 
fully  defcribed  under  the  article  Brandy.  The 
quantity  of  alcohol  varies  prodigioufly.  The 
ftrong,  rich,  full-bodied  wines  of  the  warmer 
vine  countries  will  yield  as  much  as  a third  of 


ardent  fpirit ; whilft  the  thin  light  wines  will 
often  give  no  more  than  about  Veth  of  the  fame 
ftrength. 

3.  Tartar.  This  fubftance  has  alfo  been 
fully  defcribed  in  its  proper  place.  Tartar  is 
not  altogether  a produH  of  the  fermentation  of 
wine,  fince  it  is  contained  in  muft,  though  in 
fmall  quantity. 

4.  ExtraEl.  Muft  contains  an  abundance  of 

extra£live  matter,  which  materially  alTifts  the 
fermentation,  and  is  afterwards  found,  in  part 
at  leaft,  in  the  lees,  but  another  portion  may  be 
obtained  from  the  wine  by  evaporation.  It  is 
alfo  extradh  that  mixes  with  and  colours  the 
tartar.  By  age  the  quantity  of  extradlive  mat- 
ter diminiihes.  ' - 

5.  Aroma.  All  wines  poflefs  a peculiar  and 
grateful  fmell,  which  would  indicate  a diftindl; 
aromatic  principle,  but  it  has  never  been  exhi- 
bited in  the  form  of  elTential  oil,  or  condenfed 
in  any  fmaller  quantity  by  diftillation  or  any 
other  mode.  To  give  wine  all  its  aroma  it 
fliould  be  fermented  very  flowly. 

6.  Colouring  Matter.  The  hulk  of  tlie  red 
grape  contains  a good  deal  of  colour,  which  is 
extradled  wLen  the  entire  fruit  is  preflTed,  and 
becomes  dilTolved  in  the  wine  when  the  fer- 
mentation is  compleat.  Many  fubftances  will 
feparate  the  colour.  If  lime-water  is  added  to 
high-coloured  wine  a precipitate  is  formed  of 
malat  of  lime  that  carries  down  with  it  all  the 
colouring  matter,  which  cannot  again  be  fepa- 
rated either  by  water  or  alcohol.  But  if  wine 
alone  is  evaporated  gently  to  drynels,  and  the 
refidue  treated  with  alcohol,  the  colouring  mat- 
ter diflblves  therein.  We  may  add  too,  that  the 
natural  colour  of  wine  is  entirely  and  fpeedily 
deftroyed  by  the  addition  of  hot  well-burnt 
charcoahin  pretty  fine  powder.  The  colour  of 
red  v/ine  in  the  ftate  in  which  we  receive  it  is 
not  entirely  that  of  the  grape,  but  is  given  by 
other  colouring  fubftances,  which  however  are 
quite  innoxious. 

WITHERITE.  Baroliie,  Kirw.  Native 
carlonat  of  barytes. 

Its  colour  is  yellowifh-grey,  paffing  into  grey- 
ifh-white  and  pale  wax-yellow.  It  occurs  in 
mafs,  dilTeminated,  and  rarely  cryftallized.  Its 
forms  are  i.  a flattened  hexahedral  prifm  termi- 
nated by  hexahedral  pyramids. 

2.  The  fame,  with  the  lateral  edges  of  the 
prifm  and  pyramid  truncated. 

3.  A pyramidal  dodecahedron. 

The  cryftals  are  in  general  very  fmall,  either 
implanted  in  the  mallive  varieties  of  this  minc- 


* Afl.  Chim,  Tom  xxxv,  xxxvi,  ar.d  xxxvii. 


W O A 


WOO 


( 491  ) 


ral,  or  grouped  in  bundles : their  furface  is 
generally  rough.  The  longitudinal  fradlure  of 
Witherite  is  between  radiated  and  lamellar,  and 
has  a Alining  lullre  j the  crofs  fradlure  is  fine- 
grrdncd  uneven,  and  glimmering  with  a greafy 
luftre.  Its  fragments  are  wedge-lhaped.  The 
mai'Iive  variety  often  prefents  fcapiform  and 
wedge-fliaped  dlftind^  concretions.  It  is  tranf- 
lucent,  palling  to  feml-tranfparent.  Its  hard- 
nefs  is  about  equal  to  that  of  fluor  : it  is  brittle 
and  eafily  frangible.  Sp.  gr.  4.3. 

Before  the  blow-pipe  on  charcoal  it  firll 
crackles  a little,  and  then  melts  into  a whitifii 
enamel.  Strong  nitric  acid  has  little  or  no 
cffe£f  upon  it,  but  when  very  diluted,  this  men- 
ftruum  dilTolves  it  readily  with  a copious  elFer- 
vefeence. 

When  pure  it  confifts  of  78  Barytes 

22  Carbonic  acid 


too 


A fpecimen  from  Anglezark  afforded  Klap- 
roth 98.246  Carbonated  barytes 
i.'703  Carbonated  ftrontian 
0.043  Alumine  with  a little  iron 
0.008  Carbonated  copper 


100. 


Witherite  is  an  aiSIive  poifon  to  animals. 

It  was  firft  difeovered  by  Dr.  Withering  at 
Anglezark,  in  the  north  of  Lancafliire  : it  has 
lince  been  found  in  the  Schlangenberg  in  Si- 
beria, and  alfo  near  Neuberg  in  Upper  Stiria. 

It  occurs  at  Anglezark  in  veins  in  Hate, 
accompanied  by  heavy  fpar,  galena,  blende,  and 
calamine. 

WO  AD.  This  valuable  dyeing  drug  (the 
ufe  of  which  however  has  been  a good  deal 
fuperfeded  by  indigo)  gives  a full  bodied  and 
very  faft  blue  to  wool,  but  not  very  bright, 
fo  that  it  is  always  mixed  with  indigo  at  pre- 
fent.  The  mode  of  preparing  the  woad-vats  is 
mentioned  under  the  article  Dyeing,  p.  373. 

The  mode  of  cultivating  and  preparing  the 
.woad  in  Thuringia  is  thus  given  by  Wedelius.* 

. Woad  requires  a very  rich  deep  foil  well  ma- 
nured and  tilled.  The  feed  is  put  in  the  ground 
in  February.  In  June  the  le  ves  turn  yellow- 
ifh,  and  the  plant  begins  to  flower,  which  is 
' the  time  for  gathering  the  firll  crop,  which  is 
done  by  mowing  down  the  whole  plant  clofe  to 
the  ground.  It  is  then  rinced  in  water  and 
fpread  out  in  tlie  fun,  and  when  dry  enough  it 

» Ephem.  Nat.  Cur, 


is  ground  in  mills  to  a fine  pafte,  which  is  fur- 
ther dried  by  ventilation.  This  pafte  is  then 
made  up  into  cakes,  which  are  heaped  upon 
each  other  in  a covered  room,  whereby  they 
foon  ferment,  heat,  and  exhale  a moft  [fenetrating 
naufeous  ammoniacal  odour  which  fpreads  to  a 
great  diftance  : this  fermentation  is  kept  up  for 
a fufficient  time,  occafionally  watering  die 
cakes  when  the  heat  is  too  great,  till  the  whole 
falls  into  a coarfe  powder,  in  w^hich  ftate  the 
woad  is  again  made  up  into  balls,  and  is,  ready 
for  ufe. 

The  root  of  the  plant  throws  out  a frefli  crop 
of  young  fhoots  which  are  fit  to  cut  in  about 
fix  weeks  after  the  firft  harveft,  and  are 
managed  in  the  fame  way,  and  fometimes,  if 
the  feafon  continues  dry  and  warm,  a third  crop 
may  be  got  in  the  fame  year,  but  this  is  much 
inferior  to  the  two  firft. 

The  fermentation  of  the  woad  plant  is  pecu- 
liarly violent,  and  attended  with  an  uncom- 
monly naufeous  fmell,  and  the  produ£tion  of  a 
large  quantity  of  ammonia.  Much  pra£lical 
Ikill  is  required  in  the  management  of  it,  for 
if  fulFered  to  heat  too  much  the  w'hole  is 
converted  to  a black  effete  mafs,  and  the  blue 
colour,  for  which  the  plant  is  cultivated,  is 
totally  deftioyed.  The  fermentation  is  both 
moderated  and  prolonged  by  the  great  hardnefs 
of  the  cakes,  which  cannot  eafily  be  broken  up 
till  they  crumble  to  pieces  of  themfelves  by  their 
fpontaneous  adtion. 

When  woad  is  diftilled  per  fe,  it  gives  out  a 
confiderable  quantity  of  ammonia  along  with 
the  other  principles  common  to  vegetable  mat- 
ter. Nitric  acid  has  but  little  a£lion  on  it,  in 
which  it  differs  remarkably  from  indigo.  The 
colour  however  is  totally  deftroyed.  According 
to  the  imperfe£l  experiments  of  Dijonval’",  ful- 
phuric  acid  adds  on  woad  with  great  vehemence, 
caufing  much  tumefa£lion  and  difengagement 
of  gas,  and  a folution  is  at  laft  effe£led,  which, 
diluted  with  water,  is  a faint  undefinable  green, 
without  any  thing  of  the  fine  blue  which  dif- 
tinguilhes  the  fulphat  of  indigo.  When  woad 
is  diffufed  in  water  and  kept  for  a time  it  fpee- 
dily  putrefies,  and  gives  a more  penetrating  and 
fetid  Imell  thin  moft  vegetable  or  even  animal 
matter  under  fimilar  circumftances. 
WOLFRAM.  See  Tungsti  n. 

WOOD.  Bo.s,  F Huh.  G. 

The  wood  of  ve_,etables  confifts  obvio'ufly  of 
a denfe  congeries  of  fibres  abundantly  impreg- 
nated with  a variety  of  the  natural  juices  of 
the  plant,  fuch  as  mucilage,  refin,  colouring 
^ f ourn.  Phff,  Tom.  xi. 
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extract,  efTential  oil,  fugar,  &c.  all  of  which  The  pure  ligneous  fibre  is  decompofed  by 
may  be  obtained  from  one  or  other  kind  of  being  heated  with  ftrong  nitric  acid,  and  yields 
wood,  by  applying  thofe  menftrua  which  dif-  a very  confiderable  quantity  of  oxalic  and  malic 
folve  thefe  fubftances  in  their  natural  ftate.  acid.  The  cauftic  alkalies  alfo  foften,  and 
But  after  the  a£fion  of  thefe  menftrua  has  been  finally  diflblve  it. 

exhaufted,  after  wood  has  been  long  boiled  in  The  furface  of  wood  is  readily  ftained  by  a 
water,  alcohol,  and  weak  acids,  a fubftance  variety  of  fubftances,  and  if  thefe  are  allowed 
remains,  which  is  not  in  any  degree  a£l:ed  on  to  remain  in  contadl:  with  it  they  fink  into  the 
by  thefe,  which  burns  in  the  open  air  without  fubftance  of  the  wood  which  often  produces  a 
melting,  but  with  much  flame  and  a pene-  very  agreeable  effe£l:  in  cabinet  work,  and  fome- 
trating  acid  vapour,  and  leaves  at  kft  only  a times  gives  to  ordinary  wood  a very  good  re- 
fmall  quantity  of  white  earthy  afh,  from  which  femblance  of  the  more  expenfive  coloured 
a fmall  portion  of  alkali  may  be  extrafted.  woods  of  foreign  countries. 

This  fubftance  is  confidered  as  the  pure  woody  The  following  experiments  to  this  purpofe 
fibre,  and  has  fome  title  to  be  confidered  as  a have  been  made  by  Beckman. Some  maplewood 
diftincfl:  vegetable  principle,  as  it  has  fome  pro-  was  firft  fawed  into  thin  flips  about  y,  of  an  inch 
perties  peculiar  to  itfelf.  The  earth  and  alkali  in  thicknefs.  One  of  thefe  was  immerfed  in  a fo- 
(or  neutral  falts,  which,  by  combuftion,  furnifh  lution  of  dragon’s  blood  in  oil  of  turpentine, 
the  alkali)  muft  however  be  reckoned  as  foreign  After  a confiderable  time  the  wood  had  abforbed 
to  the  pure  ligneous  fibre,  though  they  cannot  fo  much  of  the  refin  as  to  fink  in  the  liquor,  an<l 
be  extracted  without  entire  diforganization  of  it  was  then  of  a fine  mahogany  colour,  fliewing 
the  wood.  the  veins  of  the  wood  by  a lighter  ftvade  of  red. 

It  is  not  eafy  to  extra£l:  all  the  foluble  parts  Another  flip  of  wood  was  dyed  in  the  fame 
of  frefh  ’.rood,  fuch  as  the  refin  and  colouring  manner  in  a folution  of  gamboge  in  oil  of  tur- 
matter,  without  firft  reducing  it  to  very  fine  pentine,  which  gave  a fine  yellow,  and  by  a 
duft,  for  M.  Sennebier’  found  that  even  the  mixture  of  gamboge  and  dragon’s  blood  in  dif- 
thinneft  (having  of  entire  wood  long  refifted  ferent  proportions,  a number  of  beautiful  tints 
the  affion  of  common  menftrua.  But  after  rnay  be  produced.  Beech-wood  was  found  to 
bruifed  wood  has  been  long  boiled  alternately  take  the  colour  fooner,  but  it  was  lefs  brilliant, 
in  water  and  alcohol,  and  again  thoroughly  A folution  of  thefe  refins  in  alcohol  alfo  an- 
dried,  it  then  lofes  fo  much  of  its  cohefion  fwered  very  well.  With  thefe  kindsof  fubftances, 
that  it  may  be  reduced  to  very  fine  powder,  however,  it  is  neceflary  in  order  to  produce  a 
from  which  a fubfequent  application  of  the  good  colour,  either  to  boil  the  wood  in  the  li- 
fame  liquors  will  compleat  the  cxtra£Hon  of  quor,  or  at  lead  to  continue  the  digeftion  for 
every  thing  foluble.  a confiderable  time,  fo  that  they  can  on'y  be 

The  refidue,  which  is  as  pure  woody  fibre  as  employed  to  great  advantage  with  fmall  pieces, 
can  be  obtained,  when  heated  ftronglv  in  a fuch  as  are  ufed  for  the  finer  kinds  of  inlaying 
retort,  without  addition,  yields  a confiderable  or  veneering.  Lut  many  faline  and  metallic 
quantity  of  a red  pungent  acid  liquor,  which  folutions  produce  a more  fpeedy  efleft  in 
has  long  been  confidered  as  a peculiar  acid,  and  changing  the  colour  of  wood,  which  may  be 
has  been  called  the  psroU^neotts , but  later  expe-  applied  to  a furface  of  any  extent, 
riments  render  it  probable  that  it  is  little  elfe  All  the  white  woods  are  rendered  much 
than  the  acetous  holding  fome  empyreum.atic  oil  whiter  by  being  foaked  in  a folution  of  alum, 
in  folution.  Its  general  properties  are  defcribed  This  is  probably  owing  to  a decompofition  of 
under  the  article  Acetous  Acid  ( Emp^rettmaiic ).  the  fait,  and  a depofition  of  its  earth  within  the 
But  it  is  to  be  obferved  that  it  is  commonly  pores  of  the  wood  in  very  fine  divifion. 
procured  by  the  Ample  diftillation  of  wood  un-  A deep  black  is  given  to  wood  in  various 
prepared  by  any  previous  procefs,  and  of  courfe  w'ays.  Oak  and  other  woods  that  abound  in 
may  be  rhixed  with  a portion  of  all  th.e  other  gallic  acid  receive  a black  from  the  folutions 
ingredients  of  wood  which  are  volatile  by  fire  of  iron,  but  thefe  woods  are  comparatively 
and  again  condenfible  in  a liquid  form  ; nor  do  rare. 

w'e  know  of  any  experiments  made  in  a fuffi-  If  concentrated  fulphuric  acid  is  fmeared 
ciently  large  way,  on  the  acid  yielded  by  wood  over  the  furface  of  wood  it  blackens  it  very 
on  which  the  ailion  of  water  and  alcohol  has  fpeedily,  and  this  colour  fpreads  deep  within  the 
previoufly  been  exhaufted.  wood  in  a few  hours,  its  furface  being  at  the 

*Jt>urn.  rbyf.  Tom.  xxxviii.  *N»b.  Com.  Soc.  Gotemg.  Tom.  vii. 
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fame  time  covered  with  a tenacious  froth. 
When  this  is  thoroughly  wafhed  off,  and  the 
wood  dried,  the  furface  is  of  a deep  charcoal 
black,  and  hard  enough  to  take  a good  polifti ; 
but  it  is  not  eafy  to  get  rid  of  every  particle  of 
the  acid.  A much  finer  and  better  black  is 
given  by  firfl;  foaking  the  wood  in  any  folution 
of  lead,  and  afterwards  for  a day  or  two- in  a 
folution  of  arfenical  liver  of  fulphur,  made  by 
boiling  in  water  a mixture  of  two  parts  of 
quicklime  and  one  of  orpiment.  Probably  the 
Ample  fulphuret  of  lime  would  anfwer  as  well. 
All  the  other  metallic  folutions  that  naturally 
blacken  with  the  fulphurets  will  anfwer  the 
fame  purpofe,  fuch  as  thofe  of  filver,  bifmuth, 
and  iron,  but  lead  fucceeds  the  beft. 

With  the  woods  that  contain  no  gallic  acid 
a yellow-brown  dye,  varying  to  brown-red,  is 
given  by  fmearing  them  over  a few  times  with  a 
folution  of  iron  in  dilute  nitric  acid.'  This 
dve  is  very  permanent,  and  does  not  change  by 
the  a£tion  of  light  or  air. 

A greenifh  hue  may  be  given  by  the  folutions 
of  copper,  but  it  is  difficult  to  make  wood  take 
it  equally,  or  to  give  any  depth  of  colour  by 
this  metallic  folution. 

Different  hues  may  be  given  by  ftrong  de- 
ccxTions  of  the  colouring  woods  and  other  dyes 
mixed  v/ith  alum,  which  need  not  be  here  enu- 
merated. 

In  all  the  above  proceffes,  and  particularly 
where  any  faline  or  metallic  folution  is  em- 
ployed, the  natural  glofs  of  the  wood  is  much 
impaired,  which  requires  that  it  ffiould  be  fi- 
niffied  with  linfeed,  or  amber,  or  any  fimilar 
varniffi,  which  has  the  effecT  both  of  rendering 
the  dye  more  permanent,  and  of  much  increafing 
its  beauty. 

WOOD,  petrejied. 

Wood  in  ordinary  circumftances,  whether 
upon  the  furface  of  the  earth  or  buried  under 
it,  is  by  degrees,  by  the  concurrent  aftion  of 
air  and  water  decompofed  ; its  texture  is  broken 
down,  the  connexion  between  the  feveral  vege- 
table principles  of  which  it  confills  is  dillblved, 
its  ingredients  enter  into  new  combinations, 
and  no  veftige  remains  either  of  its  organiza- 
tion or  chemical  properties.  Sometimes  how- 
ever it  happens  that  the  external  figure  and 
internal  arrangement  are  preferved  while  the. 
chemical  properties  have  undergone  very 
notable  alteration,  in  confeqtience  of  which  the 
natural  decay  is  prodigioufly  retarded,  and 
fometimes  even  wholly  fufpended.  Wood  that 


has  undergone  this  change  is  faid  to  be  petre- 
fied,  or  mineralized. 

There  are  three  fubftances  by  which  this 
change  is  brought  about,  namely  pyrites,  oxyd 
of  iron,  and  filiceous  earth  in  the  form  of  agate 
or  hornftone.  Thefe  conflitute  fo  many  fpe- 
cies  of  petrefied  wood. 

The  pyriious  fojftl  nvocd  occurs  principally  in 
the  independent  coal  formation ; it  is  compofed 
entirely  of  common  pyrites,  often  in  a ftate  of 
femi-decompofition  ; it  appears  to  contain  no 
ligneous  particles,  but  retains  with  confiderable 
exacfnefs  the  external  figure,  and  in  fome 
degree  the  internal  organization  of  wood. 
The  reafon  why  this  fpecies  prefents  a lefs 
ftriking  refemblance  to  wood  than  the  others 
do,  is  probably  the  ftrong  cryftalline  polarity 
which  pyrites  poffefles  *,  in  fplitting  longitudi- 
nally a piece  of  pyritized  wood  it  not  unfre- 
quently  happens  that  the  fibres  reprefenting  the 
concentric  layers  of  wood  are  compofed  of 
minute  cubes  laterally  aggregated  to  each  other. 

The  ferruginous  foffil  ivood  is  found  in  hema- 
tite, and  efpecially  in  argillaceous  iron  ore. 
Externally  it  prefents  the  appearance  of  trunks 
and  branches,  and  its  internal  texture  has  a 
clofe  refemblance  to  that  of  wood.  In  its  che- 
mical compofition  it  does  not  appear  to  differ 
materially  from  common  argillaceous  iron  ore. 

But  agatized  wood  is  that  which  has  been 
the  moft  examined.  It  has  been  made  a diftin£b 
mineral  fpecies  by  Werner,  who  has  given  it 
the  name  of  Holzstein  or  Woodftone,  of  which 
the  following  are  the  charabfers. 

Its  colour  is  afli-grey,  paffing  into  greyifh- 
black,  yellowlfh,  browniffi,  and  blood-red  : the 
colours  run  into  each  other  forming  clouds  and 
ftripes  in  a longitudinal  diredlion.  It  occurs 
in  the  form  of  trunks,  branches  and  roots,  and 
prefents  in  the  utmoft  perfedlion  the  internal 
organization  of  wood,  not  only  the  longitudinal 
fibres  and  concentric  layers  being  vifible,  but 
even  the  knots  and  medullary  procefles.  Its 
internal  kiftre  is  various,  being  between  gliften- 
ing  and  dull.  Its  crofs  frafture  is  imperfeiftly 
conchoidal,  its  longitudinal  fraefure  is  fplintery 
and  fibrous.  It  is  moderately  tranflucent  ; is 
harder  than  glafs,  and  gives  fire  with  Iteel,  but 
is  eafily  frangible. 

It  occurs  in  fand  and  fandftone  in  various 
countries,  efpecial.y  in  the  hill  St.  Symphorien, 
near  Etampes  in  France,  in  Saxony,  Bohemia, 
and  Hungary,  ne.  r Loch  Neagh  in  Ireland,  in 
the  beds  of  fandftone  that  lie  above  the  fuller’i 
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f-artli  near  Woburn  in  Bedfordfhire,  and  alfo  in 
the  fondy  defarts  to  the  well  of  Egypt. 

It  not  unfrequently  liappens  tliat  agatizcd 
v/cod  before  the  petrefying  procefs  has  begun, 
has  been  cor.oded  by  worms,  in  which  cafe  not 
only  the  perforation  is  filled  with  fiJiceous 
matter,  but  even  the  fubftance  of  the  worm 
itfelf  has  been  cornpleatly  agatized. 

Agatized  wood  difcovers  flight 'traces  of  its 
origin  by  affording  a few  drops  of  a watery 
empyreumatic  liquor  by  diftillation : it  confifts 
however  for  the  mofl  part  of  filex. 

The  origin  of  petrefied  wood  is  generally 
attributed  to  the  gradual  infiltration  of  the 
petrefying  fubilance,  but  to  this  theory,  however 
fimpfe  and  ingenious,  there  are  many  import- 
ant obje£lions. 

VV OOD-STONE.  See  the  preceding  article. 

WOOU-OPAL.  See  Goal. 

wool..  Law,  Fr.  ih//e,  G. 

This  fubftance,  the^material  of  fuch  import- 
ant manufa£lures,  poflefles  fome  curious  che- 
mical properties,  none  of  which  however  are 
much  illuftrated  by  the  various  operations  per- 
formed on  it  in  manufa£lure,  almoft  all  (that 
of  dyeing  excepted)  being  purely  mechanical 
procelfes. 

Some  of  the  fimple  chemical  properties  of 
wool  have  been  examined  by  M.  Achard,”  and 
compared  with  the  correfponding  properties  of 
the  hair  of  different  animals.  The  copious 
generation  of  oxa/ic  acid  by  treatment  of  wool 
with  nitric  acid,  has  been  particularly  deferibed 
and  explained  by  M.  Berthollet  in  his  beautiful 
refearches  on  animal  matter  ; and  the  great  fol- 
vent  power  of  the  cauftic  fixed  alkalies,  has 
been  happily  applied  to  fome  ufe  by  M.  Chaptal 
as  a faponaceous  compound.*^ 

Wool  in  the  ftate  in  which  it  is  taken  from 
the  flieep  is  always  mixed  with  a great  deal  of 
dirt  and  foulnefs  of  different  kinds,  and  in  par- 
ticular is  flrongly  imbued  with  a natural  flrong- 
fmelling  greafe.  Thefe  impurities  are  got  rid 
of  by  wafhing,  fulling,  and  combing,  by  which 
the  wool  is  rendered  remarkably  white,  foft, 
clean,  light,  and  fpringy  under  the  hand.  When 
boiled  in  water  for  feveral  hours  in  a common 
vefl'el,  wool  is  not  in  any  way  altered  in  vveight 
or  texture,  nor  does  the  water  acquire  any  fen- 
fible  impregnation. 

A little  a£lion  is  fliewn  between  water  and 
wool  by  boiling  for  an  hour  in  a high  heat, 
with  a Papin’s  digefler,^  the  water  acquires  a 
fmell  like  that  of  raw  wool,  and  the,  wool  is 
fomewhat  whitened,  but  its  weight  is  not  fen- 
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fibly  changed,  nor  its  texture  materially  altered. 
In  this  refpe6l  it  differs  fomewhat  from  hair, 
the  texture  of  which  is  much  foftened  whilfl  it 
is  wet,  by  boiling  in  a digefter,  but  when  diy 
it  becomes  quite  crifp  and  brittle. 

Sulphuric  acid  added  cold  to  wool  produces 
neither  heat  nor  any  vapour,  but  after  a few 
hours  the  acid  blackens,  and  the  wool  lofes  its 
texture,  becomes  foft  and  gelatinous,  and  fi- 
nally diffolves,  forming  a black  thick  acid  li- 
quor. 

The  a£Hon  of  the  nitric  acid  on  wool  is  un- 
doubtedly the  mofl  curious.  When  cold,  this 
acid  only  difengages  a large  quantity  of  azotic 
gas,  but  when  warmed,  much  nitrous  gas  is 
given  out,and  at  leaft  two  new  acids  are  formed, 
viz.  the  malic  and  the  oxalic,  the  latter  is  in 
greater  abundance  than  even  from  fugar  and  ni- 
trous acid,  or  any  other  hydro-carbonous  balls. 
A fmall  feum  of  a peculiar  oil  always  arifes 
during  the  a£Hon  of  nitrous  acid  on  thefe 
animal  fubftances.  See  the  article  Oxa- 
lic Acid. 

Muriatic  acid  when  boiled  on  wool  fimply 
diffolves  it.  The  folution  is  dark  brown,  and 
is  not  changed  by  the  addition  of  water. 

The  adlion  of  the  oxymuriatic  acid  has  not 
been  further  examined  than  to  difeover  that  it 
does  not  whiten  wool  as  it  does  cotton,  but  on 
the  contrary,  turns  it  to  a pretty  deep  yellow  j 
which  may  occafionally  furnifh  an  ufeful  me- 
thod of  diftinguifhing  the  fibre  of  wool  from 
that  of  cotton  in  any  kind  of  cloth  where  they 
may  be  mixed. 

No  effedl  is  produced  by  boiling  wool  in  the 
oils,  fixed  or  effential,  or  in  alcohol. 

The  carbonated  alkalies  have  little  a£lion  on 
wool,  but  the  cauftic  fixed  alkalies  when  di- 
gefled  with  it  fpeedily  weaken  its  fibre,  reduce 
it  to  a foft  gelatinous  pulp,  and  finally  make  a 
perfect  folution.  The  alkali  at  the  fame  time 
lofes  its  alkaline  properties  as  it  does  in 
common  foap.  This  faponaceous  folution  of 
wool  is  made  for  experiment  in  a few  minutes 
by  boiling  bits  of  wool  or  flannel  in  a cauftic 
alkaline  folution,  and  it  has  been  recommended 
by  Chaptal  to  be  employed  inftead  of  common 
foap  in  cleanfing  cotton  and  other  goods  in 
manufa£lures,  as  by  this  means  a number  of 
refufe  bits  and  clippings  of  wool  and  woollen 
cloth  which  are  now  thrown  away  may  be  put 
to  fome  ufe.  This  foapy  folution  does  not 
lather  well  when  agitated  with  water,  never- 
thelefs  it  a£ls  very  powerfully  in  cleaning  cloth. 
It  has  a ftrong  and  fomewhat  offenfive  fmell, 
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which  is  left  at  firft  in  the  cloth,  but  goes  off  by 
fiiort  expofure  to  the  air. 

M.  Achard  diftilled  per  fe  in  a retort  one 
ounce  of  wool,  with  a heat  gradually  increafed 
to  ignition.  There  was  left  in  the  retort 
drams  of  a coaly  refidue  j the  neck  of  the  retort 
was  lined  with  a black,  fbining  foot;  beyond 
which  was  a faline  fublimate  ; and  in  the  re- 
ceiver was  about  2 drams  of  an  empyreumatic 
oil,  together  with  fome  neutral  ammoniacal 
fait,  the  nature  of  which  was  not  afcertained. 

WOOL  Ph'tlojophical,  See  Zinc. 


) 

WORMWOOD,  ^altof. 

The  purer  kinds  of  fait  of  tartar  or  carboiiat 
of  potalh  were  often  termed  fait  of  wormwood, 
particularly  in  medicine,  the  allies  of  this  plant 
yielding  an  abundance  of  this*  alkali.  See  Car- 
bonat  of  PotaJJo. 

WOR.Vl-l'UB.  A part  of  the  common  dif- 
tilling  apparatus.  (Sr<?  the  Appendix.) 

WOULFE’s  APPARATUS.  (Sr^  the  Ap- 
pendix. ) 

WURFELSPATH.  See  Anhydrous  Sele- 
nite, p.  547.  Vol.  I. 
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YEAST.  See  Fermentation.  • 
YELLOW  [Naples). 

The  Naples  Yellow  [Gtallolino)  is  a fine  pig- 
ment long  prepared  at  Naples,  which  has  the 
.appearance  of  an  earth,  is  very  friable,  heavy, 
porous,  not  alterable  by  expofure  to  air,  and  of 
a pale  orange-yellow  colour.  When  heated  it 
exhales  no  fenfible  vapour,  melts  when  red-hot, 
but  undergoes  no  other  change  except  that  the 
colour  becomes  deeper  Boiling  water  and 
acids  extra£l  a portion  from  it,  but  do  not  dif- 
folve  it  entirely. 

This  pigment  (the  preparation  of  which  is 
kept  fecret)  has  been  examined  by  feveral 
chemifts,  but  no  accurate  analyfis  has  been 
made  of  it.  Fougeroux  fhewed  that  it  was  a 
metallic  oxyd  by  reducing  it  with  a proper  flux, 
and  eafily  obtained  a regulus  from  it,  which 
confifted  of  lead  and  antimony.  * Beckman  and 
Couret  have  confirmed  this  compofuion.  A 
procefs  which  produces  a fimilar  pigment  is 
thus  given  by  Couret.**  Mix  together  12  oz.  of 
ceruffe,  3 oz.  of  diaphoretic  antimony,  of 
alum  and  fal-ammoniac  each  one  ounce,  heat 


them  for  a conCderable  heat  below  rednefs,  and 
afterwards  in  a red  heat  for  three  hours  longer, 
after  which  the  mafs  will  have  acquired  a beau- 
tiful yellow  colour. 

The  Giallolino  is  little  employed  in  this 
country,  its  ufe  being  fupplied  by  Turner  s 
Patent  Yellow,  prepared  from  Lead  in  the  man- 
ner deferibed  under  that  article. 

YELLOW  EARTH.  Gelberde,  Wern. 
Terre  jautte,  Broch. 

Its  colour  is  ochre-yellow  ; it  occurs  in  mafs  ; 
it  is  dull  or  at  moff  feebly  glimmering.  Its 
frafture  in  the  great  is  flaty,  but  in  fmall  is  fine- 
grained earthy,  palfing  into  imperfectly  co.n- 
choidal.  It  is  very  foft,  almoll  friable;  it 
acquires  a polifli  by  friHion;  Itains  the  fingers, 
and  is  fomewhat  unHuous'to  the  touch,  it  ad- 
heres flightly  to  the  tongue,  and  is  of  little 
fpecific  gravity. 

It  is  employed  in  the  arts  as  a pigment. 

It  forms  beds  in  clay,  and  ironltone,  at 
Wehrau,  in  Upper  Saxony. 

YTTRIA.  See  Gadolintte, 
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ZAFFRE.  See  Cobalt. 

ZEICHENSCtilEFER.  SeeTaoNscHiRFER. 

ZEOLI  TE.  Zfolithy  Wern. 

Of  this  mineral  there  are  the  three  following 
fubfpecies. 

I.  Subfp.  Radiated  Z.  Strahliger,  Z.  Wern. 
Mefotype,  Hauy. 

Its  colour  is  yellowifh-white,  greyifh,  reddifti 
arul  fnow-white.  It  occurs  maffive,  globular, 
and  cryftallized.  Its  primitive  form  is  a redtan- 
gular,  tetrahedral  prifm : fometimes  the  prifm 

" Mem  de  I’Acad.  for  i>766. 


is  terminated  by  tetrahedral  pyramids,  the  bafes 
of  which  correipgnd  with  the  faces  of  the  prifm: 
fometimes  the  prifm  is  compreffed,  and  termi- 
nated by  tetrahedral  pyramids  fet  on  the  l;i,tcral 
edges  of  the  prifm  4 the  fummitS'  of  the  termi- 
nal pyramids  are  alfo  often  truncated.  The 
cryftais  are  middle  fized  and  fmall,  and  often 
laterally  aggregated,  fo  that  their  fummits  alone 
are  dilfinguilhable  : the  lateral  planes  are 

fmooth  and  fliining.  Internally  it  is  gliflehing, 
with  a pearly  lultre.  Its  fraH/ure  is  divergingly 
* J.  Phyf.  Tom.  .x.'i.'cv;. 
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radiated,  approaching  on  one  hand  to  foliated, 
and  on  the  other  to  fibrous.  It  prefents  longifh 
granular  dillindt  concretions.  It  is  tranflucent, 
paffing  into  tranfparent,  and  poflefl'es  a double 
refradtion.  Its  hardnefs  is  fomewhat  fuperior 
to  that  of  calcareous  fpar ; it  is  brittle  and 
eafily  frangible.  Sp.  gr.  2.03  :m2.o8. 

Before  the  blow-pipe  it  intumefces  and  melts 
like  borax.  It  is  foluble  in  the  mineral  acids, 
and  forms  with  them  a gelatinous  mafs.  Its 
component  parts,  according  to  V auquelin,  are 
50.24  Silex 
29.3  Alumine 
9.46  Idme 
10.  Water 
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It  pafies  into  the  two  follov/ing  varieties. 

Var.  I.  Fibrous  Z.  Fafriger  Z.  AVern. 

Its  colours  are  nearly  the  fame  as  the  pre- 
ceding, except  that  it  fometimes  occurs  wax- 
yellow  and  greenifh-white.  It  occurs  in  mafs, 
reniform,  and  in  capillary  cryftals.  Its  frafture 
Is  divergingly  fibrous,  paffing  into  fplinteiy.  In 
other  refpedis  it  agrees  with  the  preceding. 

Var.  2.  Mealy  Z.  Mehlzeolith,  Wern. 

Its  colours  are  yellowiffi  and  reddiffi-white 
paffing  into  fleffi-red.  It  occurs  maffive,  coral- 
ioidal,  and  incrufting  other  zeolites.  It  is  dull ; 
its  fradlure  is  coarfe  earthy,  approaching  to 
finely  fibrous.  It  is  opake  j very  foft,  almoft 
friable  j very  light ; and  when  rubbed  with  the 
nail  it  gives  a grating  feel  and  noife  like  burnt 
brick. 

2.  Subfp.  Lamellar  Z.  Blattrlger  Z.  Wern. 
'^tilbite  Hauy. 

Its  colour  is  yellowiffi  and  greyiffi-white, 
rarely  reddiffi-white.  It  occurs  maffive,  globu- 
lar and  cryftallized.  Its  primitive  form  is  a 
rhomboidal  prifm : the  other  varieties  that  it 
prefents  are,  a ffiort  hexahedral  prifm,  the 
oppofite  faces  alone  of  which  are  equal ; and  a 
table  of  fix  equal  fides.  The  cryftals  are  I'mall 
and  middle-fized,  and  their  furface  is  always 
fmooth  and  flrining.  Internally  its  luftre  is 
Ilrining  and  pearly.  Its  fraclure  is  lamellar, 
generally  fomewnat  curved,  and  is  divifible  only 
in  one  diredlion.  It  prefents  granular  and 
fometimes  curved  lamellar  diftindl  concretions. 
When  in  mafs  it  is  tranflucent,  and  when  cryf- 
tallized is  generally  tranfparent.  In  its  other 
charadters  it  refembles  the  preceding  fub- 
ipecies. 

it  is  compofed,  according  to  Vauquelin,  of 


52.  Silex 

17.5  Alumine 
9.  Lime 

18.5  Water 
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3.  ^ubfp.  Cubic  Z.  Wurfd  Z.  Wern. 
Analcime  lA  Chabajie  Hauy. 

Its  colour  is  greyifli  and  yellowifli-white, 
and  yellowiffi-brown.  It  occurs  in  mafs  and 
cryftallized.  The  primitive  form' of  its  cryftals 
is  a hexahedron  approaching  very  near  to  a 
cube ; fometimes  each  folid  angle  of  the  cube 
is  replaced  by  an  obtufe  trihedral  pyramid  fet 
upon  the  faces  of  the  cube : fometimes  thefe 
fecondary  faces  are  fo  large  as  to  obliterate  thofe 
of  tl^  primitive  cryftal,  whence  there  refults  a 
folid. with  24  trapezoidal  faces.  The  cryftals 
are  fmall  and  middle-fized,  and  are  brightly 
ffiining  externally  with  a luftre  between  vitreous 
and  pearly.  The  internal  luftre  is  fomewhat 
inferior  to  the  external.  Its  fradture  is  imper- 
fedUy  lamellar  in  three  diredtions,  paffing  fome- 
times to  uneven.  Its  fragments  have  a ftrong 
tendency  to  the  cubical  form.  It  prefents  gra- 
nular diftindl  concretions*,  is  tranflucent,  paffing 
to  tranfparent ; is  fomewhat  harder  than  glafs. 
Sp.  gr.  2.7. 

It  intumefces  before  the  blow-pipe,  but  does 
not  gelatinize  with  acids. 

Zeolite  occurs  principally  in  the  moft  recent 
floetz  trap-formation,  efpecially  in  amygda- 
loid and  cellular  bafalt ; in  thefe  rocks  it  fome- 
times only  lines,  but  often  entirely  fills  up  the 
cavities  which  they  contain.  It  alfo  occurs, 
though  rarely,  in  primitive  greenftbne,  and  in 
veins  .accompanied  by  galena. 

All  the  above  fublpecies  occur  in  Scotland, 
but  the  largeft  and  moft  beautiful  fpecimens 
come  from  Iceland  and  the  Ferroe  Iflands: 
they  are  alfo  met  with  at  Adelfors  in  Sweden, 
in  various  parts  or  Germany,  and  very  abun- 
dantly in  the  South  Sea  Iflands. 

ZINC.  Ziink,  Germ.  Zincy  Fr.  Spelter^ 
Tutefiag,  of  the  Chinefe. 

Zinc  is  a bluiflr-grey  femi-dudlile  metal, 
fufible  at  lefs  than  a red  heat,  and  combuftible 
at  the  lowed  point  of  ignition,  an  extremely 
brilliant  bluiffi-white  flame  being  given  out,  and 
the  metal  being  converted  into  a white  floccu- 
dent  oxyd. 

§.  I.  Ores  of  Zinc. 

Sp.  I.  Common  Calamine,  Native  carbonat 
of  Zinc. 

Of  this  mineral  there  are  the  three  following 
fubfpecies. 
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T Suhfp.  Cryftallized  C. 

Its  colour  is  greyifh -white  and  yellowifh- 
grey.  It  occurs  in  rhomboids  approaching 
very  nearly  to  the  cube,  and  in  longilh  quadri- 
lateral tables : the  cryftals  are  fmall  and  very 
fmall ; both  externally  and  internally  they  are 
ufually  fhlning  with  a luftre  between  refinous 
and  vitreous.  Its  frafture  is  fmall  and  imper- 
fe£Hy  foliated.  It  is  tranfparent,  paffing  into 
tranflucent ; it  yields  eafily  to  the  knife  but  not 
to  the  nail.  Sp.  gr.  4.33. 

By  ignition  in  a covered  crucible  it  lofes 
a^out  34  per  cent.  It  dilfolves  totally  and  with 
elTervefcencc  in  the  mineral  acids,  and  the  folu- 
tion  does  not  gelatinize. 

It  is  compofed,  according  to  an  analyfis  by 
S.mithfon,  * of 

€5.2  Oxyd  of  zinc, 

34.8  Carbonic  acid. 


100. 


It  occurs  in  veins  in  fecondary  limeftone, 
accompanied  by  the  other  ores  of  this  metal,  by 
galena,  calcareous  fpar,  quartz,  &c.  It  is  found 
in  Derbyfhire. 

2 Sttbfp.  Gompa£l  C. 

Its  colours  are  greyifh,  greenifh  and  yellowifh 
white,  ochre  yellow  and  yellowifh  brown,  the 
two  latter  colours  however  indicate  a contami- 
nation of  iron.  It  occurs  mafHve^  cellular, 
botryoidal,  mamillated,  reniform  and  ftala£litic. 
-Its  internal  luftre  is  gliftening,  between  vitreous 
and  refinous.  Its  fradlure  is  imperfedlly  fibrous 
paffing  to  fplintery  and  granular  uneven.  It 
prefents  granular  and  curved-lamellar  diftindl 
concretions  : the  lighter  coloured  are  tranflucent 
at  the  edges.  In  hardnefs,  fpecific  gravity,  and 
chemical  chara£Iers  it  diflfers  but  little  from  the 
preceding  fubfpecies. 

It  has  been  analyfed  by  Smithfon  and  Berg- 
man with  the  following  refult, 

Sm.  Berg. 

64.8  — 64.  Oxyd  of  zinc, 

35.2  — 28.  Carbonic  acid, 

o.  — 6.  Water, 

o.  — I.  Oxyd  of  iron. 


100.  lOI. 


Concerning  Bergman’s  analyfis  it  may  be  re- 
marked, that  the  oxyd  of  iron  is  merely  acci- 
dental, and  that  the  exiftence  of  the  water  is 


rather  inferred  tiran  proved,  fo  that  probably 
the  amount  of  carbonic  acid  is  ftated  too  low. 

It  occurs  in  the  fame  geological  fituations  as 
the  preceding,  and  is  very  abundant  in  Cumber- 
land, Derbyfhire,  Flintfliire,  and  Somerfetfhire 
in  England,  and  in  a multitude  of  other  places. 

3 Subfp.  Earthy  C. 

Its  colour  is  greyifh  or  ycllowifli  white.  It 
occurs  in  mafs,  and  encrulling  the  furface  of 
other  minerals.  It  is  dull ; its  fradure  is  very 
fine  grained  earthy.  It  may  be  feraped  by  the 
nail  j is  opake,  and  adheres  to  the  tongue.  Sp. 

gr-  3-58. 

It  confifts,  according  to  Smithfon,  of 

71.4  Oxyd  of  zinc, 

13.5  Carbonic  acid, 

15. 1 Water. 


100. 


In  its  other  properties  It  agrees  with  the  pre- 
ceding fubfpecies. 

It  is  found  in  Derbyfhire,  in  Bleyberg  in 
Carinthia,  and  elfewhere. 

Sp.  2.  Electric  Calamine. 

Its  colour  is  greyifh,  bluifti  or  yellowifti  white: 
it  occurs  in  mafs  or  cryftallized.  The  form  of 
its  cryftals  is  a comprefled  hexahedral  prifm, 
terminated  by  low,  bevilled,  and  truncated  hex- 
ahedral pyramids.  The  cryftals  are  fmall  and 
very  fmall,  either  folitary  or  grouped  in  diver- 
gent rays,  like  zeolite.  The  luftre  of  the  cryf- 
tals is  fhining,  vitreous  ; their  fradure  is  imper- 
fedly  foliated ; that  of  the  maffive  variety  is 
generally  diverging  fibrous.  It  varies  from 
tranfparent  to  opake  according  as  it  is  cryftal- 
lized or  not.  It  may  be  fcratched  by  a knife, 
but  is  confiderably  harder  than  common  cala- 
mine. Sp.  gr.  3.43.  When  gently  heated  it 
becomes  ftrongly  eledrical,  nor  is  this  property 
deftroyed  even  by  a red  heat.  By  ignition  Its 
lofs  does  not  exceed  12  per  cent,  and  the  cryf- 
tals though  they  become  opake  and  decrepitate 
a little,  do  not  fall  to  powder.  It  is  foluble  in 
the  mineral  acids  without  effervefcence,  con- 
fiderable  heat  is  extricated,  and  the  fokuion 
gelatinizes  on  cooling. 

The  maffive  variety  from  Hungary  was  ana- 
lyfed by  Bergman,  and  another  fpecimen  from 
Wanlock-Head  by  Klaproth;  that  in  radiated 
cryftals,  like  zeolite,  fromFribourg,byPelletier;'= 
and  that  in  folitary  cryftals,  from  Regbania  in 
Hungary,  by  Smithfon,  witli  the  following  re- 
fults. 


aPhil.  Traiif.  for  1803,  p.  17,  * Opufeula,  ii.  p.  3^4.  * Memoircs,  i.  p.  49. 

3 R 


TOL.  II. 


ZIN  ( 498  ) 


Berg. 

Klapr. 

Pellet. 

Smith. 

84. 

— 66. 

— 36.  — 

68.3  Oxyd  of  zinc. 

12. 

— 33- 

— 52.  — 

25.  Silex, 

0. 

— 0. 

— 12.  — 

4.4  Water, 

3- 

— 0. 

— 0.  — 

0.  Oxyd  of  iron. 

I. 

— 0. 

— 0.  — 

0.  Alumine. 

100. 

99. 

100.. 

97-7 

It  occurs  in  fecondary  llmeftone  accompanied 
by  quartz,  calcareous  fpar,  common  calamine, 
&c. 

Befides  the  localities  above  mentioned  it  alfo 
occurs/in  Derbylhire. 

Sp.  3.  Blende.  Black  Jacky  of  the  Englifh 
miners.  Pfeudogalena. 

Of  this  there  are  the  two  following  fubfpecies. 

I Subfp.  Foliated  B. 

Its  colour  is  wax  and  fulphur  yellow,  brownilh 
and  olive  green,  rcddifli  or  yellowifh,  or  blackilh 
brown  paffing  into  perfe£l;  black,  alfo  hyacinth 
red,  brownifh  and  blood  red.  It  occurs  in  mafs, 
difleminated  or  cryftallized.  Its  primitive  form 
is  the  rhomboidal  dodecahedron ; the  others 
that  it  prefents  are. 

1.  The  regular  o£lohedron. 

2.  The  pyramidal  tetrahedron. 

3.  Var  I,  with  all  the  edges  truncated. 

4.  Ditto,  with  both  the  edges  and  folid  angles 
truncated. 

5.  A folid  with  twelve  trapezoidal  faces  and 
twelve  ifofccles  triangular  faces. 

6.  The  preceding  variety  with  four  of  the 
folid  angles  replaced  by  an  equal  number  of 
equilateral  triangles. 

The  cryftals  are  generally  fmall,  and  fo  im- 
pafted  together  that  it  is  not  eafy  to  determine 
their  forms : their  furface  is  fraooth  and  fplen- 
dent.  The  external  and  internal  luftre  of  this 
mineral  is  brightly  fhining  between  reftnous  and 
adamantine,  in  the  darker  coloured  varieties 


paffing  to  femi-metallic.  The  fracture  is  ftralt 
foliated  in  fix  directions,  but  when  made  acrofs 
the  laminae  is  imperfe£Uy  conchoidal.  Its  frag- 
ments are  angular  and  pretty  fliarp-edged.  It 
prefents  granular  diftindt  concretions.  The 
lighter  coloured  cryftals  are  tranfparent  and 
tranflucent,  the  darker  coloured  ones  and  the 
maffive  varieties  are  tranflucent  at  the  edges  and 
opake.  Its  hardnefs  is  about  equal  to  that  of 
fluor  fpar;  it  is  brittle  and  eafily  frangible. 
Sp.  gr.  4.04  p:  4.16, 

2 Subfp.  Fibrous  B. 

Its  colour  is  iron  grey  mlx'ed  with  yellowifti- 
particles ; it  occurs  in  cellular,  reniform,  and 
llalaftitical  malTes  : externally  it  is  dull : inter- 
nally it  is  gliftening  or  glimmering ; its  fradlure 
in  one  diredfion  is  finely  and  divergingly  fibrous  ; 
the  crofs  fradfure  is  conchoidal ; it  it  compofed 
of  curved  lamellar  diftinft  concretions.  It  is 
opake,  moderately  hard  and  brittle.  Sp.  gr.. 

3-63- 

It  has  hitherto  been  found  only  at  Geroldfeck 
in  the  Brifgau,  in  a vein  accompanied  by  galena 
and  heavy  fpar. 

The  yellow  foliated  blende  is  phofphorefcent 
by  fridtion,  even  under  water.  Several  of  the 
blendes  give  out  an  hepatic  odour  by  fridlion, 
and  ftill  more  of  them  by  digeftion  in  muriatic 
acid. 

They  have  been  fubjedfed  to  various  analyfes, 
but  hitherto  not  with  fufficient  precifion.  The 
following  is  a table  of  the  different  refults. 


Zinc 

Sulphur 

Iron 

Lead 

Copper 

Arlenic 

Fluor.ac 

Water 

silex 

Alumine 

Yellow  B.  "1 

64. 

20. 

5- 

0. 

0. 

0. 

4- 

6. 

I. 

o.=:loo. 

by  Bergman  J 
Brown  B.  1 

44. 

17- 

5- 

0. 

0. 

0. 

0. 

5- 

24. 

5-=ioo. 

by  Bergman  / 
by  Dr.  Thomfon 

<j8.8 

23-5 

8.4 

0. 

0. 

0. 

0. 

0. 

7- 

o.=  97.7 

Black  B.  \ 

6. 

by  Bergman  J 

45- 

29. 

9- 

6. 

0. 

I. 

0. 

4- 

o.=:loo. 

by  Lampadius 
Black  B.  with  me-^ 

53- 

26. 

12. 

0. 

0. 

5* 

0. 

4- 

0. 

6. 

o.=zioo. 

tallic  luftre  [• 

52. 

26. 

8. 

0. 

4. 

0. 

0. 

4. 

0.=  I00. 

by  Bergman  j 
Fibrous  B.  \ 

by  Hecht  j 

62. 

21. 

3- 

5- 

0. 

I. 

0. 

4. 

0. 

2.=  98. 
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Blende  occurs  in  tranfitlon,  primitive,  and 
ilratified  mountains,  but  principally  in  the  for- 
mer : it  is  found  in  veins  alniod  always  accom- 
panied by  galena,  calcareous  fpar  and  quartz, 
alfo  by  iron  pyrites,  fahlerz,  native  filver,  grey 
antimony,  fpathofe  iron,  copper  pyrites,  heavy 
fpar,  &c.  The  Hungarian  and  Tranfilvanian 
blendes  are  often  auriferous. 

Blende  abounds  in  Britain,  and  in  moll  of 
the  other  mining  diftridls  of  Europe. 

§.  2.  AJfay  and  Analyfts. 

Common  Calamine^  befides  carbonat  of  zinc 
and  water,  may  alfo  contain  the  carbonats  of 
iron,  lead  and  lime.  Its  analyfis  may  be  thus 
conducted,  (a)  Diflblve  the  pulverized  ore  in 
dilute  nitric  acid  and  eftimate  the  carbonic  acid 
from  the  lofs  of  weight  during  the  folution. 
Then  carefully  neutralize  the  folution  by  a 
little  caullic  foda  and  evaporate  it  gently,  adding 
from  time  to  time  a few  drops  of  fulphat  of 
foda  as  long  as  any  precipitation  takes  place, 
(i)  Having  thus  cautioully  brought  it  nearly  to 
drynefs,  digell  it  in  highly  reftified  alcohol, 
and  afterwards  in  a little  cold  water  which 
will  take  up  every  thing  but  the  fulphats  of 
lead  and  lime,  (c)  Thefe  may  then  be  fepa- 
rated  by  digellion  in  v'ery  dilute  fulphuric 
acid,  which  will  take  up  the  fulphat  of  lime, 
leaving  the  fulphat  of  Lead  pure,  (d)  Neu- 
tralize the  muriatic  folution  by  foda,  and 
evaporate  nearly  to  drynefs ; then  add  to  the 
refidue  alcohol,  which  will  throw  down  the 
fulphat  of  Lime  with  a little  fulphat  of  foda, 
this  latter  may  then  be  waflied  away  by  a little 
cold  water.  (^)  The  alcoholic  folution  b after 
evaporation  to  drynefs  may  be  digefted  in  caullic 
ammonia,  which  will  take  up  the  oxyd  of  zinc 
and  leave  behind  the  oxyd  of  Iron,  [f)  The  al- 
kaline folution  after  being  llightly  fuperfaturated 
with  muriatic  acid,  is  to  be  decompofed  by  a 
perfedtly  carbonated  alkali,  by  which  the  zinc  is 
procured  in  the  flate  of  carbonat,  and  this,  after 
edulcoration,  being  diflblved  by  fulphuric  acid 
and  the  folution  ignited  in  a platina  crucible 
affords  dry  fulphat  of  Zinc,  containing  50  per 
cent,  of  oxyd  of  zinc,  (g)  Thus  all  the  com- 
ponent parts  are  afcertained  except  the  water  ; 
to  determine  the  proportion  of  this  take  a frefli 
parcel  of  the  ore,  weigh  it,  and  then  ignite  it 
for  half  an  hour,  note  the  lofs  of  weight,  and 
transfer  the  refidue  into  muriatic  acid  ; if  while 
it  diffolves  in  this  fluid  it  gives  out  any  gas  let 
the  lofs  of  weight  be  noted  ; then  add  together 
the  lofles  by  ignition  and  folution,  dedufl  from 
the  fum  the  known  weight  of  the  carbonic  acid 
and  the  refidue  is  water. 


I'o  analyfe  the  cleclric  calamine  diflblve  the 
pulverized  ore  in  dilute  nitric  acid,  evaporate 
the  folution  very  (lowly,  almoll  to  drynefs,  theh 
digell  it  in  a large  quantity  of  water  and  the 
filex  will  remain  undilTolved.  If  the  filex 
retains  the  lead  ochery  tinge  digell  it  in  dilute 
muriatic  acid,  by  which  the  adhering  oxyd  of 
iron  will  be  taken  up.  Then  decompofe  the 
muriatic  folution  by  a carbonated  alkali,  and 
transfer  the  oxyd  thus  obtained  to  the  nitric 
folution  from  which  the  filex  has  been  fepa- 
rated.  The  reft  of  the  analyfis  is  the  fiime  as 
already  mentioned  for  common  calamine. 

The  analyfis  of  Blende  is  confiderably  more 
complicated.  The  fubftances  that  have  been 
obtained  from  it  by  decompofition  are  zinc,  iron, 
lead,  copper,  arfenic,  fulphur,  filex,  alumine  and 
water ; nor  is  it  by  any  means  improbable  that 
the  whole  of  them  Ihould  coexift  in  the  fame 
fpecimen,  we  Ilia  11  therefore  proceed  to  mention 
what  appears  to  us  as  the  belt  method  of  fepa- 
rating  thefe  fubftances  from  each  other. 

a For  the  Watery  let  2oo  grs.  duly  pulve- 
rized be  put  into  a fmall  coated  glafs  retort  and 
gently  ignited  for  a quarter  of  an  hour ; the 
fluid  in  the  receiver  will  be  water  with  fcarcely 
any  perceptible  admixture  of  fiilphurous  acid. 

. b Now  take  another  portion  of  the  ore  and 
digell  it  in  repeated  portions  of  dilute  nitric 
acid  till  every  thing  foluble  is  taken  up  ; walh 
the  refidue,  weigh  it  and  ignite  it  j the  Sulphur 
will  burn  off,  and  its  amount  may  be  eftimated 
by  the  lofs  of  weight. 

c The  refidue,  after  the  ignition  of  the  ful- 
phur, is  to  be  digefted  in  a little  nitro-muriatic 
acid  till  the  infoluble  portion  becomes  quite 
white,  and  is  then  pure  Silex. 

d To  the  nitric  folution  [h]  add  a few  drops 
of  fulphated  foda  and  evaporate  it  gently,  con- 
tinuing to  drop  in  from  time  to  time  a little 
fulphated  foda  as  long  as  any  precipitation 
takes  place;  when  the  whole  is  brought  nearly 
to  drynefs  digell  it  in  very  dilute  muriatic  acid, 
which  will  take  up  every  thing  but  the  fulphat 
of  Lead. 

e Add  together  the  nitro-muriatic  folution®, 
(r,  d)  and  decompofe  the  whole  by  carbonat  of 
foda,  then  digeft  the  precipitate  thus  obtained  in 
caullic  ammonia,  by  which  the  zinc  and  copper 
will  be  taken  up. 

f Saturate  the  preceding  ammoniacal  folution 
with  muriatic  acid,  and  then  boil  it,  adding 
caullic  foda  as  long  as  any  precipitate  falls 
down  ; this  precipitate  is  brown  oxyd  of  Copper. 

g The  foda  folution,  now  containing  only 
oxyd  of  zinc,  is  to  be  faturated  with  muriatic 
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acid,  decompofed  by  carbonat  of  foda,  and  the 
precipitate  thus  procured,  after  ignition,  is  oxyd 
of  TjWc. 

h The  refidue  infoluble  in  ammonia  {/)  is  to 
be  abftra6l:ed  repeatedly  with  nitric  acid,  and 
then  digefted  in  caurtic  foda : what  remains  in- 
foluble is  oxyd  of  with  a flight  contami- 
nation of  arfenic. 

i The  preceding  foda  folution  is  to  be  fatu- 
rated  with  nitric  acid,  and  nitrat  of  lead  is  to 
be  added  till  it  ceafes  to  produce  a precipitate. 

This  precipitate  is  arfeniat  of  lead. 

k To  the  remaining  fluid  is  firft  to  be  added 
fulphat  of  foda,  in  order  to  get  rid  of  any  nitrat 
of  lead  that  it  would  probably  contain,  and  the 
filtered  liquor  being  decompofed  by  carbonated 
ammonia  a precipitate  will  fall  dowm,  which, 
when  well  wafhed  and  ignited,  is  alumine. 

A confiderable  difficulty  however  (till  remains 
in  eftimating  properly  the  relative  proportions 
of  Blende,  even  after  the  analyfrs  has  been  per- 
formed in  the  moll  careful  manner.  This  arifes 
from  the  uncertainty  of  the  ftate  in  which  the 
zinc  and  fulphur  (which  are  the  principal  in- 
gredients) exifl  in  this  ore.  According  to  fome 
chemills,  pure  blende,  exclufive  of  all  cafual 
admixtures,  is  a true  fulphuret  of  zinc,  the 
latter  being  in  the  metalHc  flate.  The  reafons 
adduced  in  favour  of  this  opinion  are,  Firfl, 
that  this  is  conformable  to  the  compoftion  of 
the  other  native  metallic  fulphurets,  luch  as  the 
different  fpecies  O'f  pyrites,  and  the  fulphurets 
of  lead,  antimony,  filver,  &c.  Secondly,  that 
if  blende  be  dige.flecl  in  muriatic  acid  lulpliu- 
retted  hydrogen  will  be  given  out  (as  was  firfl 
obferved  by  Bergman)  which  gas  can  only  pro- 
ceed from  the  decompofition  of  water  by  the 
metallic  zinc,  and  the  union  of  its  hydrogen 
w’ith  part  of  the  fulphur,  while  in  the  aft  of 
being  feparated  from  the  zinc  by  the  powerful 
affinity  of  the  acid  for  this  lafl. 

On  the  other  hand,  however,  it  may  be  re- 
marked that  metallic  zinc  and  fulphur  cannot  be 
made  to  combine  together  by  art,  but  that  oxyd 
of  zinc  and  fulphur  unite  by  fufion,  producing 
a yellowifh  compound  not  unlike  blende.  The 
tranfparency  of  this  mineral  is  alfo  a charafter 
in  which  it  differs  from  the  other  proper  metal- 
lic fulphurets.  It  is  true  that  fulphuretted 
hydrogen  is  given  out  during  its  folution  in 
muriatic  acid,  but  this  would  alfo  happen  if  the 
fulphuretted  hydrogen  pre-exifled  in  the  ore. 

It  is  the  opinion  of  Vauquelin  that  blende  is  a 
fulphuretted  oxyd,  which  often  contains  befides 
fulphuretted  hydrogen,  and  this  feems  to  be 

••  Bergm,  Opufe. 


confirmed  by  the  obfervation  of  Bergman**  that 
concentrated  fulphuric  acid  feparates  fulphuretted 
hydrogen  from  blende;  which  cannot  happen 
with  a proper  metallic  fulphuret.  The  deduftion 
however  from  this  faft  is  fomevvhat  equivocal, 
for  the  proportion  of  fulphuretted  hydrogen  by 
concentrated  fulphuric  acid  is  greatly  inferior 
to  that  produced  by  muriatic  acid,  and  when  it 
is  confidered  that  all  blende  affords  by  diflilla- 
tion  a portion  of  water,  is  it  not  very  poffiblc 
that  the  hydrogen  may  be  furniffied  by  the  de- 
compofition of  this  lall  ? But  the  prod uft ion  of 
fulphuretted  hydrogen  from  it,  by  tile  agency 
of  acids,  by  no  means  proves  that  the  zinc  mulb 
neceffarily  be  in  one  of  the  forms  above-men^ 
tioned ; common  liver  or  glafs  of  antimony, 
wffiich  is  decidedly  a fulphuretted  fub-oxyd, 
affords  fulphuretted  hydrogen  when  digefled 
wdth  acids,  and  it  appears  highly  probable,  on 
taking  into  confidcratlon  all  the  properties  of 
blende,  that  this  alfo  is  a fulphuretted  fub-oxyd^- 
The  or’es  of  zinc  cannot  be  allayed  in  the 
common  method  on  account  of  the  great  vola- 
tility of  this  metal,  they  are  therefore  treated 
in  one  of  the  two- following  v/ays. 

1.  The  ore,  being  firfl  bruifed,  is  to  be  very 
carefully  feparated  from  any  intermixed  particles 
of  galena  and  other  impurities,  and  is  then  to  be 
roaited,  care  being  taken,  efpeciaMy  m an  alfay 
of  blende,  that  the  whole  of  the  fulphur  is 
driven  off.  The  roafled  ore  is  now  reduced  to 
fine  powder,  together  with  half  its  weight  of 
charcoal,  and  the  mixture  is  put  into  an  earthen 
retort,  to  the  beak  of  which  a tube  or  adopter 
is  fixed  dipping  in  water.  After  the  retort  with 
its  contents  has  been  expofed  for  about  three 
quarters-  of  an  hour  to  a high  heat  in  a wdnd 
furnace,  it  is  to  be  cooled  gradually,  and  on 
breaking  the  veffel  the  zinc  will  be  found  con- 
creted in  metallic  drops  in  its  neck. 

2.  The  ore,  after  being  prepared  and-  mixed 
with  charcoal,  as  above  mentioned,  is  Xu  be 
flratified  in  a crucible  with  its  own  weight  of 
copper  clippings;  a perforated  cover  being 
luted  on,  the  crucible  is  to  be  kept  at  a cherry 
red  or  low  white  heat  for  the  befl  part  of  an 
hour,  being  then  allowed  to  cool,  its  contents 
:fre  taken  cut  and  wafhed,  by  which  the  glo- 
bules of  brafs  are  readily  feparated  from  the 
lighter  impurities.  The  excefs  of  weight  which 
the  brafs  has  over  the  copper  employed,  indi- 
cates the  quantity  of  zinc  abforbed  from  the 
ore. 

§.3.  ReduBion  of  Ores. 

The  ore,  whether  calamine  or  blende,  after 
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feeing  raifed  from  the  mine,  is  firft  drefTed,  that 
is,  it  is  broken  to  fmall  pieces,  and  the  galena, 
pyrites,  and  other  impurities  are  feparated  as 
accurately  as  poffible  by  hand ; it  is  next  cal- 
cined at  a moderately  red  heat  in  a reverbera- 
tory furnace,  by  which  the  calamine  is  deprived 
of  its  carbonic  acid,  and  the  blende  of  the  moft 
part  of  its  fulphur.  It  is  then  wafhed,  by  which 
the  lighter  earthy  parts  are  feparated  from  the 
metallic  oxyd,  which  latter,  being  dried,  is  inti- 
mately mixed  with  about  | of  its  weight  of 
charcoal  by  grinding  the  ingredients  together  in 
a mill,  and  is  now  ready  to  be  fmelted.  The 
furnace  in  which  the  redudlion  is  performed  is 
a circular  one  not  unlike  that  of  a glafs-houfe, 
in  it  are  fixed  fix  large  earthen  pots,  about  four 
feet  high,  and  nearly  of  the  fame  flrape  as  oil 
jars  : into  the  bottom  of  each  pot  is  inlerted  an 
iron  tube  that  palies  through  the  arched  floor 
of  the  furnace,  and  dips  in  a velT'el  of  water 
placed  beneath,  while  the  other  end  of  the  tube 
rlfes  within  the  crucible  to  within  a few  inches 
of  its  top.  Thefe  crucibles  are  filled  up  to  the 
level  of  the  tube  with  the  mixture  of  roafted  ore 
and  charcoal,  the  cover  of  each  is  very  accu- 
rately luted  on,  and  the  furnace  is  charged  with 
fuel,  by  which  an  intenfe  heat  is  kept  up  for 
feveral  hours.  The  zinc,  as  it  is  reduced, 
afeends  to  the  top  of  the  pot  in  the  form  of 
vapour,  and  there  being  prevented  from  efcaping 
by  the  clofely  luted  cover  it  defeends  through 
the  central  iron  tube,  whence  it  pafles  into  the 
water,  and  is  there  condenfed  in  fmall  drops. 
Tliefe  globules  are  afterwards  melted  and  call 
into  ingots,  in  which  ftate  they  are  brought  to 
market. 

Common  zinc  generally  contains  a little  lead, 
copper,  arfenic,  iron,  manganefe,  and  probably 
plumbago,  which  often  confiderably  impair  the 
quality  of  the  alloys  into  which  it  enters.  In 
order  to  get  rid,  in  part  at  lealt,  of  thefe  impu- 
rities, the  common  pradtlce  is  to  melt  the  zinc 
in  a crucible,  and  then  to  ftir  into  it,  by  means 
of  a flick  or  earthen  rod,  a mixture  of  fulphur 
and  fat : the  latter  of  thefe  preferves  the  zinc 
from  oxydation,  while  the  former,  uniting  with 
all  tlie  metals  prefent,  except  the  zinc,  converts 
them  into  fulphurels,  which  rifing  to  the  top 
form  a fcoria  that  may  be  fitimmed  off : this  is 
to  be  repeated  as  long  as  any  fcoria  makes 
its  appearance.-  M.  Prouft  objedls  to  this 
method  as  completely  ineflFe£lual  and  propofes 
another,  which  is  fimply  rediftilling  the  zinc  in 
an  earthen  retort  j after  the  metal  has  pafled 
over  there  remains  behind  a mixed  mafs  of 
oxyds  and  other  impurities.  But  it  is  not  very 


obvious  how  either  the  arfenic  or  lead  caiT 
be  thus  got  rid  of,  nor  does  it  by  any  means  ap- 
pear that  the  old  method  is  fo  very  nugatory. 
It  would  probably  be  an  improvement  firft  to 
heat  the  zinc  nearly  to  melting,  In  which  ftate 
it  is  very  eafily  pulverizable,  and  having  thus 
reduced  it  to  fine  powder,  to  mix  it  wdth  about 
-j-  of  its  weight  of  fulphur  and  a little  pitch, 
then  to  charge  an  earthen  retort  with  the  mix- 
ture, to  keep  it  for  feme  time  at  a temperature 
not  exceeding  that  of  melted  lead,  and  then  to 
raife  it  by  degrees  till  the  zinc  begins  to  be 
volatilized  ; the  contents  of  the  retort  being 
now  allowed  to  cool  gradually,  the  purified 
zinc  would  be  found  at  the  bottom,  covered  by 
a fcoria  of  fulphuret. 

If  however  the  zinc  is  required  of  extreme 
purity,  take  the  common  fulphat  of  zinc  (white 
vitriol  of  the  fhops)  diflblve  it  in  hot  water,  and 
add  a little  fulphuric  acid  and  granulated  zinc, 
by  this  means  the  copper,  arfenic,  and  the  prin- 
cipal part  of  the  iron  will  be  precipitated. 
\Vhcu  the  acid  is  faturated  pour  off  the  clear 
liquor,  and  evaporate  it  to  drynefs  ; moiften  the 
white  fait  thus  procured  with  a little  nitric 
acid,  and  heat  it  nearly  to  rednefs  in  a crucible  5 
by  this  the  refidue  of  the  iron  and  manganefe 
will  be  re<luced  to  the  ftate  of  infoluble  oxyd, 
and  warm  water  will  take  up  only  the  pure 
fulphat  of  zinc.  This  is  to  be  decompofed  by 
carbonat  of  ammonia,  and  the  white  precipitate 
thus  obtained,  after  being  wafhed  and  calcined, 
is  to  be  mixed  with  about  of  charcoal,  and 
reduced  by  diftillation  in  the  ufual  way. 

§.4.  Ph^tcal  and  Chemical  Properties. 

The  colour  of  zinc  is  bluifh-white  with  a 
high  metallic  luftre ; its  texture  is  between 
hackly  and  foliated,  that  is  to  fay,  the  plates  of 
which  it  confifts  inftead  of  being  fmooth  like 
thofe  of  bifmuth  or  antimony,  are  covered  witlr 
a multitude  of  fmall  points  which  render  it 
peculiarly  harfli  to  the  touch.  In  thin  plates  it 
may  be  broken  without  difficulty,  but  in  doing 
fo  a kind  of  refiftance  is  perceived,  as  if  the  fa- 
cets of  which  it  is  comjx)fed  adhered  to  each 
other  not  merely  by  the  appofition  of  their  fur- 
faces,  but  by  the  mutual  penetration  of  thofe 
little  points  with  which,  when  feparated,  they 
appear  to  be  covered.  The  larger  ingots  cannot 
be  broken  but  by  means-  of  iron  wedges.  Zinc 
at  the  common  temperature  poffefl'es  a moderate 
degree  of  du£fility,  and  may  be  laminated  by 
paffing  througJi  rollers  into  plates  of  confide- 
rable  thinnefs  and  elafticity.  With  care  it 
may  be  drawn  into  wire,  the  tenacity  of  whiciv 
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according  to  Mufchenbroeck,  is  equal  to  about 
26  lbs.  upon  -j-'o  of  an  inch  in  diameter.  If, 
however,  zinc  is  hammered  at  about  the  tem- 
perature of  300°  F.  its  malleability  is  greatly 
increafed  ; it  will  now  bear  to  be  bent  back- 
wards and  forw'ards  feveral  times  before  it 
breaks  ; its  fradlure  is  fibrous  and  fteel  grained  ; 
it  may  be  reduced  into  thin  leaves  by  lamina- 
tion, and  may  be  drawn  into  wire  not  exceeding 
-5-^0  of  an  inch  in  thicknefs,  and  polTeffing 
nearly  the  tenacity  of  filver.*^  The  hardnefs 
of  zinc  is  fomewhat  inferior  to  that  of  copper  : 
its  fpecific  gravity  varies  from  6.8  to  about  7.1  ; 
by  hammering  it  is  increafed  to  7.19.  It  yields 
eafily  to  the  file,  but  in  a very  fhort  time  en- 
tirely clogs  up  the  teeth  of  this  inftrument, 
rendering  it  quite  fmooth.  By  friction,  or 
even  when  kept  in  a moill  warm  hand  for  a 
fhort  time,  it  gives  out  a very  fenfible  metallic 
odour,  fomewhat  refembling  that  of  iron. 
When  heated  to  400°  Fahr.  and  upwards,  it 
becomes  perfectly  brittle,  and  in  this  ftate  may 
be  puh'erized  without  difficulty  in  a heated 
mortar.  At  about  700®  Fahr.  it  melts,  and  in 
a full  red  heat  is  volatilized.  It  cryftallizes  witli 
difficulty  into  tetrahedral  or  comprefled  hexa- 
hedral  prifms. 

The  adlion  of  air  upon  zinc  at  the  common 
temperature  is  very  flight ; it  acquires  a very 
thin  fuperficial  coaling  of  grey  oxyd,  which 
adheres  to  the'  metal  and  prevents  any  further 
change.  But  if  the  zinc  is  melted  it  foon  be- 
comes covered  with  a pellicle  of  grey  oxyd, 
and  this  being  removed  as  fafl  as  it  forms,  the 
whole  mafs  of  metal  is  in  no  very  long  time 
entirely  oxydated.  If  the  grey  oxyd  thus  formed 
is  ftill  further  calcined  at  a red  heat,  it  ac- 
quires a greenifli-yellow  colour,  and  increafes  in 
weight : by  a white  heat  it  runs  into  a compadl 
yellow  glals. 

If  zinc  inflead  of  being  merely  melted  is 
ignited,  it  takes  fire  and  burns  rapidly,  with  an 
intenfe  bluifh-white  flame  of  great  brilliancy : 
as  the  combuflion  goes  on,  the  metal  is  con- 
verted to  a yellowifh-white  flocculent  oxyd,  fo 
light  as  to  be  thrown  up  into  the  air  by  the 
force  of  combuftion,  a peculiar  odour  which  has 
been  likened  to  that  of  arfenic  being  given  out. 
This  fublimed  oxyd  is  commonly  known  by  the 
name  of  Fioioers  of  Zinc,  and  in  the  writings 
of  the  older  chemifls  by  thofe  of  Nihil  album, 
Pomphslix,  Philcfophical  Wool,  SiC,  If  this  oxyd 
as  foon  as  prepared  is  put  into  a dark  place,  it 
will  be  perceived  to  emit  a bluifh  phofphoric 
light  for  the  fpace  of  an  hour  or  more.  Another 
* rhIL  Mag,  xxiii.  p.  zSt.  ' Opufcula,  it.  p.  39J. 


phenomenon  which  has  probably  fome  relation 
to  the  above  is,  that,  if  a filter  be  filled  with 
flowers  of  zinc,  and  water  repeatedly  pafl'ed 
through  them,  they  will  appear  fuperficially  of 
a dazzling  white,  and  internally  of  a pure 
fky-blue,  which  laft  however  is  replaced  by  the 
common  yellowilh  tinge  in  proportion  as  it 
becomes  dry.  The  flowers  of  zinc  like  the 
other  oxyd  are  reducible  by  an  intenfe  heat 
into  a yellowilh  glafs. 

The  compofition  of  the  oxyds  of  zinc  is  by 
no  means  yet  afeertained  with  the  defired  pre- 
cifion,  we  fliall  therefore  ftate  the  refults  of  all 
the  experiments  that  have  been  made  on  this 
fubje£f,  with  fuch  obfervations  as  may  fuggeft 
them  fe  Ives. 

1.  According  to  Bergman, too  parts  of  zinc, 
after  being  dtflblved  in  dilute  fulpburic  acid 
and  precipitated  by  cauftic  foda,  aft’orded  161 
of  oxyd  dried  at  the  temperature  of  boiling 
water;  therefore  too  parts  of  oxyd  are  com- 
pofed  of  62  zinc  and  38  oxygen.  But  the  oxyd 
dried  at  this  low  temperature  muft  neceflarily 
retain  a confiderable  portion  of  water ; indeed 
it  is  by  no  means  improbable  that  it  would 
actually  be  in  the  ftate  of  hydrat,  which,  ac- 
cording to  Mr.  Smithfon,  is  compofed  of  75 
oxyd  and  25  water.  If  the  neceflary  corre£Iion 
be  made  upon  this  fuppofition,  10®  parts  of 
oxyd  will  confift  of  83.3  zinc,  and  16.7  oxygen. 

2.  According  to  Vauquelin,'*  (but  from  what 
particular  experiments  we  are  not  informed) 
100  parts  of  oxyd  of  zinc  produced  by  calci- 
nation of  the  artificial  carbonat,  are  compofed 
of  69  of  zinc  and  31  of  oxygen. 

3.  According  to  Clement  and  Deformes,® 
14  36  parts  of  zinc  heated  red-hot  in  a coated 
glafs  tube,  with  a ftream  of  air  palfing  thi'ough 
it,  afibrd  17.48  parts  of  a white  oxyd,  the 
compofition  of  which  therefore  per  cent,  is 
82.15  zinc,  and  17.85  oxygen. 

The  fame  chemifts  found  that  30  grammes 
of  fublimed  oxyd  of  zinc,  by  diftillation  with 
charcoal  at  a high  heat  were  reduced  to  21.82 
grammes  of  metallic  zinc,  according  to  which 
too  parts  of  fublimed  oxyd  confift  of  72.4  zinc, 
and  27.6  oxygen.  In  this  however  the  amount 
of  zinc  is  very  probably  under  rated,  as  feveral 
minute  particles  might  remain  unperceived  in 
the  charcoal. 

It  appears  from  another  experiment  of  the 
above  chemifts,  that  the  fublimed  oxyd  when 
expofed  to  a forge  heat  for  a quarter  of  an  hour 
loies  about  7 per  cent,  and  at  the  fame  time  ac- 
quires a dull  yellow  colour  ; hence  the  compo- 

* An.  do  Ch.  xxviii.  p.47.  ‘ lb.  xxxi.x  p.  31. 
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fitlon  of  this  fub-oxyd  is  88  of  zirtc  to  I2  of 
oxygen. 

4.  Some  experiments  of  Prouft*^  on  the  fame 
fubje£f  deferve  to  be  cited.  According  to  this 
able  chemift,  100  parts  of  zinc,  by  folutiou  in 
nitric  acid,  and  fubfequent  ignition  afford  125  of 
ydlowiff  oxyd.  Alfo  100  parts  of  zinc  when 
diffolved  in  nitric  acid  and  precipitated  by  car- 
bonat  of  potaffi  afford  180  of  dry  carbohat, 
which  by  calcination  is  reduced  to  125  of  mere 
oxyd.  Hence  according  to  both  thefe  experi- 
ments, oxyd  of  zinc  is  compofed  of  80  zinc  and 
20  oxygen. 

5.  According  to  Morveau  the  greenifh  oxyd 
formed  by  calcining  the  grey  oxyd  is  compofed 
of  85  per  cent,  zinc  and  15  oxygen  j and 

6.  According  to  Wenzel  the  moft  highly  cal- 
cined oxyd  of  zinc  confifts  of  80  zinc  and  20 
oxygen,  in  which  he  perfectly  agrees  with 
Prouft. 

What  conclufion  can  be  drawn  from  thefe 
various  refults  except  the  neceffity  of  fretli 
experiments  1 

The  mutual  a£tion  of  zinc  and  water  is  very 
confiderable.  If  pulverized  zinc  be  moiftened 
with  this  fluid  at  the  common  temperature,  the 
mixture  in  the  fpace  of  a few  hours  becomes 
black,  increafes  in  bulk,  difeharges  hydrogen 
gas  with  a vifible  effervefccnce,  and  at  length  is 
converted  into  a greyifli-white  oxyd.  At  a high 
heat  the  decompolition  of  the  water  is  much 
more  rapid,  as  we  learn  from  an  experiment  of 
Dr.  Prieftley’s ; this  philofopher  having  inclofed 
fome  zinc  in  a glazed  earthen  tube  heated  it 
red,  and  then  pafl'ed  fteam  over  it;  a large 
quantity  of  hydrogen  was  produced,  and  the 
zinc  was  converted  into  a dark  coloured  femi- 
tranfparent  glafs. 

The  adtion  of  the  alkalies  is  very  ftriking, 
and  was  fir  ft  obferved  with  accuracy  by  iJe 
Lafl'oneS.  If  filings  of  this  metal  are  immerfed 
in  ftrong  and  perfedfly  cauftic  liquid  ammonia 
and  a gentle  heat  applied,  the  mixture  foon 
becomes  turbid  and  milky,  a copious  eftervef- 
cence,  probably  of  hydrogen  gas,  takes  place, 
the  odour  of  which  is  ammoniacal  and  alliaceous, 
the  zinc  is  by  degrees  difiblved,  and  the  folu- 
tion,  during  the  effervefcence,  becomes  of  a 
deep  black  colour.  The  folution  being  com- 
pleted, a little  black  powder  falls  to  the  bot- 
tom, and  the  liquor  after  filtration  is  perfedfly 
clear  and  of  a yellow  colour.  If  the  zinc  em- 
ployed is  in  the  ftate  of  fublimed  oxyd  inftead 
of  metallic  filings,  tire  liquor  becomes  fenfibly 
hot,  no  gas  is  given  out,  and  the  folution  is 

f An.  de  Ch.  xxxv.  p.  53. 


completed  In  a confiderably  Ihorter  time  than 
was  required  in  the  former  cafe.  Ammoniuret 
of  zinc  concretes  by  cooling  and  evaporation 
into  feathered  cryftals,  which  are  permanent  in 
the  air.  If  the  ammonia  is  faturated  with  zinc 
the  folution  is  in  part  decompofed  by  water,  a 
white  oxyd  being  precipitated;  this  however 
may  be  prevented  by  pouring  in  a little  ammo- 
nia previous  to  the  addition  of  water.  No  vifible 
change  is  produced  by  the  addition  of  cauftic 
fixed  alkali,  but  all  the  acids  decompofe  it, 
throwing  down  the  metallic  oxyd : with  tinc- 
ture of  galls  a deep  grey  precipitate  is  produced: 
if  a plate  of  copper  is  immerfed  irr  the  folution 
the  zinc  is  in  part  precipitated  and  the  copper 
is  cliflblved,  tinging  the  ammonia  of  a blue 
purple  colour. 

The  cauftic  fixed  alkalies  aft  upon  metallic 
zinc  in  nearly  the  fame  manner  as  ammonia 
does,  but  according  to  De  Laffone  they  are 
incapable  of  diffolving  the  fublimed  oxyd.  This 
is  remarkable,  for  it  is  certain  from  the  experi- 
ments of  Vauquelin  and  others  tliat  tlie  oxyd 
precipitated  from  the  falts  of  zinc  is  perfefty 
foluble  in  either  potaffi  or  foda- 

Owing  to  the  powerful  affinity  of  zinc  for 
oxygen  it  combines  with  the  acids  with  great 
reaclinefs,  forming  a numerons  clafs  of  falts, 
many  of  which  are  of  importance. 

Concentrated  fulphuric  acid  when  affifted  by 
heat  diffolves  zinc  either  in  the  metallic  ftate, 
or  in  that  of.  oxyd,  fulphurous  acid  gas  being 
given  out  in  the  former  cafe.  If  the  acid  is 
diluted  with  water  it  afts  rapidly  on  zinc  at 
the  common  temperature,  an  abundance  of 
hydrogen  gas  being  given  out.  The  folution 
when  completed,  and  filtered  to  feparate  a fmall 
portion  of  infoluble  black  matter,  affords,  by 
evaporation  and  cooling,  fulphat  of  zinc  in  the 
form  of  compreffed  tetrahedral  or  hexahedral 
prifms  terminated  by  tetrahedral  pyramids. 
This  fait  if  free  from  iron  (which  however  it 
feldom  is  without  particular  precautions)  is  per- 
fectly colourlefs  and  tranfparent,  it  is  mode- 
rately hard,  and  has  a difagreeably  ftyptic 
metallic  flavour  which  remains  long  on  the 
palate.  Its  fp.  gr.  is  1.912.  It  is  foluble  in 
about  2t  parts  of  water  at  60°,  and  in  a much 
fmaller  proportion  of  boiling  water.  It  efflo- 
refees  by  expofure  to  the  air.  In  a dry  heat  it 
firft  melts  in  its  water  of  cryftallization,  and  is 
reduced  to  an  opake  mafs,  afterwards  by  ftrong 
Ignition  it  parts  with  moft  of  its  acid  In  the 
form  of  fulphurous  acid  gas.  It  Is  decompofetl 
in  the  moift  way,  with  precipitation  of  its  oxyd 
* Mem,  Sci.  1775. 
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l>y  all  the  alkalies,  either  cauftic  or  carbonated, 
and  by  ail  the  alkaline  earths.  The  proportion 
of  its  component  parts  is  very  vai'ioufly  ftated. 
According  to  Bergman^  loo  parts  of  the  cryf- 
tallized  fait  lofe  40  by  gentle  calcination,  v/hich 
are  therefore  water ; the  refidue  after  being 
kept  white  hot  for  three  hours  was  reduced  to 
2®  parts  of  a greenifh-grey  colour  which  was 
oxyd  of  zinc,  the  acid  having  been  driven  off. 
From  thefe  data  fulphat  of  zinc  confifts  of 
20.  Oxyd  of  zinc 
40  Sulphuric  acid 
40  W ater 

100 


But  according  to  Mr.  Kirwan'  100  parts  of 
fulphat  of  zinc  by  a heat  of  376°  lofe  39  which 
are  water,  and  a fimilar  quantity  of  the  fame 
fait  afforded  with  muriat  of  barytes  61.24  of 
ignited  fulphat  of  barytes.  But  the  compofition 
of  fulphat  of  barytes  is  varioufly  ftated.  Klap- 
roth, l^iack  and  others  reckoning  .the  amount  of 
acid  in  this  fait  to  be  33.33 />i?r  cw/.  whereas 
Mr.  Chenevix  eftimates  it  at  no  more  than 
23.5.  Hence  the  compofition  of  fulphat  of 
zinc  as  found  by  Mr.  Kirwan’s  analyfis  may  be 
reckoned  at 

39.  Water 

20.4.  or  14.3  Sulphuric  acid 
40.6.  or  46.7  Oxyd  of  zinc 
Mr.  Smithfon'^  again,  from  fome  fimple  and 
apparently  accurate  analyfes  reckons  the  com- 
ponent parts  of  dry  fulphat  of  zinc  to  be 
50  Sulphuric  acid 
50  Oxyd 

100 


The  fait  called  in  commerce  White  vitriol  is 
an  impure  fulphat  of  zinc  of  a bluifh-white 
colour  with  ochcry  ftains  externally;  it  has  a 
granular  cryffalline  texture  like  loaf  fugar,  and 
is  in  irregular  lumps  and  maffes.  It  is  prepared 
largely  at  Kammelfberg  and  elfewhere  in  Ger- 
many by  roaffing  blende  and  then  expofing  it  to 
the  air ; the  fulphats  of  zinc,  lead,  iron  and 
copper  that  are  tiius  formed,  are  feparated 
from  tlie  earthy  parts  by  lixiviation,  and  the 
liquor  being  boiled  down  till  a ftrong  faline  pel- 
licle forms  on  its  furface  is  let  out  into  cryftal- 
lizing  vats  where  it  concretes  into  hard  granu- 
lar maffes.  The  Englifli  white  vitriol  is  pre- 
pared for  the  moft  part  by  diredb  folution  of 

^ Opufcul  ii  p.  3z8.  ‘ On  real  Acid.p,  69.  fKil.  T) 


metallic  zinc  In  fulphuric  acid,  and  Is  tlierefore 
purer  than  the  foreign,  though  it  ftill  contains 
a very  notable  quantity  of  iron.  Both  kinds  may 
be  confiderably,  though  not  entirely,  purified 
by  folution  in  water,  and  then  abandoning  the 
liquor  to  fpontaneous  evaporation  in  an  open 
veffel  containing  fome  granulated  zinc  : the 
fulphat  of  lead  will  fubfide  to  the  bottom,  and 
other  foreign  fulphats  will  be  deeompofed  by 
the  metallic  zinc.  The  faline  mafs  when  dry 
is  to  be  lixiviated  with  eold  water  and  the  clear 
filtered  folution,  after  due  evaporation,  will 
afford  regular  cryftals  of  fulphated  zinc. 

Sulphite  of  zinc  is  prepared  by  putting  fome 
oxyd  of  zinc  and  water  into  a Woulfe  bottle, 
and  throwing  in  fulphurous  acid  gas  till  the 
oxyd  is  diflblved.  The  fait  thus  formed  cryf- 
tallizes  by  gentle  evaporation.  It  has  a llyptic 
fulphureous  flavour ; it  is  eafily  foluble  in 
water,  but  aot  at  all  fo  in  alcohol : it  is  decom- 
po-fed  by  the  other  acids  with  effervefcence 
owing  to  the  efcape  of  fulphurous  acid  gas  ; it 
forms  white  precipitates  with  the  alkalies  which 
are  entirely  re-fcduble  in  cold  dilute  fulphuric 
acid  : by  expofure  to  the  air  it  is  foon  converted 
into  the  fulphat. 

If  fulphurous  acid  is  digefted  upon  metallic 
2finc  inflead  of  the  oxyd,  an  immediate  and 
rapid  aflion  takes  place  between  them  ; much 
heat  is  difengaged,  fulphuretted  hydrogen  gas 
is  produced,  the  fluid  becomes  of  a turbid 
brown  or  yellow  colour,  but  grows  clear  in 
proportion  as  the  faturation  advances.  The 
fluid  thus  produced  has  a remarkable  pungent 
flyptic  and  fulphureous  flavour : when  gently 
evaporated  it  becomes  thick  like  fyrup,  and  then 
depofits  acicular  tetrahedral  prifms  terminated 
by  very  acute  tetrahedral  pyramids  ; thefe  when 
expofed  to  the  air  become  efflorefeent,  and  are 
flowly  deeompofed  into  a mixture  of  fulphat  of 
zinc  and  fulphur.  Before  the  blow-pipe  this 
fait  gives  out  a vivid  light  like  zinc  in  corn- 
bullion,  and  throws  out  on  every  fide  arboref- 
cent  and  tubercular  ramifications.  The  fulphu- 
ric and  muriatic  acids  decompofe  it  with  effer- 
vefcence, fulphurous  acid  gas  being  given  out, 
and  a yellowiffi-white  powder  being  precipi- 
tated. Nitric  acid'alfo  fets  at  liberty  fulphurous 
acid,  and  throws  down  a flocculent  du<ffile  and 
adhefive  precipitate  which  is  fulphur.  When 
diftilled  per  fe  in  a retort  it  affords  water,  ful- 
phurous and  fulphuric  acids,  fublimed  fulphur, 
and  there  remains  behind  oxyd  of  zinc  with  a 
little  fulphat.  By  digeftion  with  alcohol  it  is 

anf.  1803.  p.  23.  ' Fourcr.  Syft.  des  CosnailT.  v,  p.  380. 
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dccompofed  into  two  portions,  of  which  one  is 
infoluble  and  the  other  readily  foluble  in  this 
fluid.  The  former  is  fulphite  of  zinc  already 
mentioned  ; the  latter  is  Sulphuretted  fulphite  of 
zinc : it  gives  out  on  the  addition  of  fulphuric 
acid  both  fulphur  and  fulphurous  acid,  and  to 
this  are  obvioufly  owing  all  thofe  properties  of 
the  compound  fait  by  which  it  is  diftinguiflted 
from  the  pure  fulphite. 

Nitric  acid,  moderately  ftrong,  is  faid  to  be 
capable  of  inflaming  zinc  filings,  and  even  when 
much  diluted  a61;s  on  this  metal  with  great  vio- 
lence, and  with  a copious  difengagement  of  ni- 
trous gas  and  nitrous  oxyd.  The  folution  is  gene- 
rally of  a pale  greenilh  yellow  colour,  and  Is  highly 
cauftic : by  evaporation  and  cooling  it  depofits 
Nitrat  of  zincy  in  comprelTed,  ftriated,  tetrahedral 
prifms,  terminated  by  tetrahedral  pyramids. 
7'he  fpecific  gravity  of  this  fait  is  2.09.  It 
abforbs  moifture  from  the  air,  and  dcliquiates  ; 
it  is  readily  foluble  both  in  water  and  alcohol. 
When  laid  on  hot  coals  it  melts  and  detonates 
rather  feebly,  giving  out  a faint  reddifh  flame  ; 
■when  heated  per  fe  in  an  earthen  crucible  it  is 
decompofed,  giving  out  nitrous  and  oxygen 
gaffes,  and  the  metal  remains  behind  in  the 
ftate  of  yellowifh  oxyd. 

Muriatic  acid  a£Is  with  much  rapidity  on 
zinc,  hydrogen  gas  of  very  confiderable  purity 
being  given  out.  The  folution  is  clear  and 
colourlefs  : by  evaporation  and  cooling  it  gela- 
tinizes, but  cannot  be  made  to  cryftallize. 
When  diftilled,  there  firft  arifes  a little  ftrong 
and  fuming  muriatic  acid,  and  then  the  muriat 
of  zinc  itfelf  paffes  over  in  a half  folid  con- 
fiftence,  on  which  account  it  is  often  called 
butter  of  zinc.  This  fublimed  muriit  is  of  an 
opake  white  colour,  and  confifts  of  minute 
prifmatic  cryftals.  It  is  fufible  by  a gentle  heat, 
abforbs  moifture  from  the  air,  and  affumes  a 
elatinous  confiftence;  it  is  not  decompofable 
y mere  water,  and  is  very  foluble  both  in  this 
fluid  and  in  alcohol : the  alkalies  decompofe  it, 
throwing  down  a beautifully  white  oxyd. 

Oxymuriatic  acid  gas  inflames  filings  of  zinc 
that  are  thrown  into  it,  and  the  refult  is  a mu- 
riat of  zinc  not  differing  from  the  preceding. 

Liquid  phofphoric  acid  attack's  zinc  with  effer- 
vefcence,  hydrogen  gas  being  given  out ; the 
phofphat  of  zinc  thus  produced  forms  a white  in- 
foluble powder.  This  fait  may  alfo  be  procured 
by  adding  to  the  fulphat,  nitrat,  or  muriat  of 
zinc,  any  of  the  neutral  phofphats. 

Water  impregnated  with  carbonic  acid  a£l:s 
readily  on  either  metallic  zinc  or  its  oxyds. 


The  folution  by  expofure  to  the  air  becomes 
covered  •w'ith  an  iridefcent  pellicle  of  oxyd. 
The  moft  ready  way  however  of  obtaining  it  is 
by  the  decompofitlon  of  the  fulphat,  or  almoft 
any  of  the  other  falts,  by  means  of  a carbonated 
alkali ; a denfe  white  precipitate  is  thus  formed, 
which,  when  well  waflied  and  dried,  is  pure 
Carbonat  of  zinc.  According  to  Bergman,  too 
parts  of  metallic  zinc,  when  diffolved  in  an  acid, 
and  precipitated  by  carbonated  foda,  afford  193 
parts  of  carbonat  \ but  Bergman’s  precipitates 
were  dried  only  at  212°,  and  therefore  probably 
retain  d a confiderable  portion  of  water.  Ac- 
cording to  Prouft,™  100  parts  of  zinc  afford  by 
folution  in  nitric  acid  and  precipitation  by  car- 
bonated potafti,  180  parts  of  dried  carbonat; 
in  which  refult  the  experiments  of  Dize  and  of 
Hecht,  exafUy  coincide:  thefe  180  parts  are 
reduced  by  calcination  to  125  of  mere  oxyd, 
hence  tl-ee  component  parts  of  this  fait  when 
thoroughly  dried,  are 

55  Zinc 
14  Oxygen 
31  Carbonic  acid 
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The  fluoric  and  boracic  acids  a£l  upon  zinc, 
the  former  rapidly,  the  latter  with  difficulty, 
but  the  properties  of  thefe  falts  have  not  been 
examined. 

If  zinc  filings  are  digefted  in  diftilled  vinegar, 
they  diffolve  in  this  fluid  with  effervefcence, 
and  the  refult  is  acetat  of  zinc ; according  to 
De  Laffone,  12  ounces  of  vinegar  take  up  only 
2 drams  of  zinc  ; if  however  radical  vinegar  or 
acetic  acid  be  employed,  the  above  quantity  of 
metal  will  be  taken  up  by  | of  an  ounce  of  acid. 
Flowers  of  zinc  are  alfo  foluble  with  eafe  in 
acetic  acid,  a confiderable  degree  of  heat  being 
excited  during  the  procefs.  The  tafte  of  this 
fait  is  bitter  and  metallic.  It  cryftallizes  in  thin 
and  fhining  hexagonal  and  rhomboidal  plates : 
when  heated  per  fe  \n  z retort  a part  fub- 
limes  with  little  alteration,  except  that  it  is 
whiter  than  before.  When  laid  on  hot  coals  it 
burns  with  a blue  flame.  It  is  readily  foluble 
in  water  and  is  decompofable  by  the  alkalies, 
by  the  mineral  acids,  and  by  all  thofe  that  form 
with  zinc  an  infoluble  fait. 

In  confequence  of  the  medical  application  of 
acetat  of  zinc,  the  following  fafts  may  be  of 
ufe  to  the  practitioner.  The  fpecific  gravity  of 
a faturated  folution  of  acetat  of  zinc  made  by 
digefting  the  cryftallized  fait  in  diftilled  vinegar, 

3 « 


• A*,  de  Chim.  xxxv,  p.  jj. 


VOL  II. 


ZIN 


ZIN 


( 506  ) 


is  rrz  1.055.  folutlon  900  grains  con- 

tain 53  grains  of  dry,  or  82.6  grains  of  cryftal- 
lized  acetat.  One  ounce  by  meafure  of  the 
folution,  weighs  506  grains,  and  contains  29.8 
grains  of  dry,  or  46.5  grains  of  cryftallized 
fait. 

The  fuccinic  and  benzoic  acids  form  cryftal- 
lizable  falts  with  zinc,  the  properties  of  which 
have  not  yet  been  examined. 

Oxalic  acid  dlffolves  zinc  with  confiderable 
effervefcence,  and  a white  powder  fubfides, 
which  is  Oxalat  of  zinc.  It  may  alfo  be  pre- 
pared by  adding  oxalic  acid  to  the  fulphat,  mu- 
riat,  or  nitrat  of  zinc.  It  is  very  fparingly 
foluble  in  water,  unlefs  an  excefs  of  acid  is 
prefent  j it  contains,  according  to  Bergman, 
75  per  cent,  of  metal. 

Citric  acid  in  like  manner  diiTolves  zinc  with 
elFervefcence,  and  minute  cryftalline  grains  are 
depofited  of  Citrat  of  zinc : they  have  a flyptic 
and  metallic  tafte,  are  little  foluble  in  water, 
and  confift,  according  to  Vauquelin,  of 
50  Citric  acid 
50  Oxyd  of  zinc 

100. 

The  falts  formed  by  the  other  vegetable  acids 
and  zinc  are  very  little  known. 

There  are  two  triple  falts  of  zinc ; the  one 
formed  by  digefting  filings  of  the  metal  in 
muriat  of  ammonia,  the  other  by  employing 
a folution  of  acidulous  tartrlte  of  potafli  '(cream 
of  tartar).  Neither  of  thefe  falts  is  cryftalli- 
zable,  nor  are  they  decompofed  by  the  pure  or 
carbonated  alkalies. 

The  neutral  and  earthy  falts  are  many  of 
them  decompofable  by  zinc.  Nitre  and  the 
other  falts  belonging  to  that  genus  detonate 
rapidly  when  heated  with  zinc.  The  alkaline 
fulphats  are  converted  into  fulphurets ; and 
muriat  of  ammonia  is  decompofed,  ammoniacal 
gas  being  given  out,  and  the  acid  combining 
with  the  oxyd  of  zinc. 

Very  little  affinity  appears  to  exift  between 
zinc  and  fulphur.  As  long  as  the  former  re- 
tains its  metallic  ftate  it  cannot  be  made  to 
combine  with  fulphur  by  fufion  or  in  any  other 
way.  If  zinc  filings  and  flowers  of  fulphur  be 
made  into  a palle  with  water,  a decompofition 
of  this  latter  will  take  place,  the  metal  will  be 
oxydized,  hydrogen  gas  will  be  given  out,  but 
the  refidual  mafs  will  be  a mere  mixture  of 
fulphur  and  oxyd  of  zinc.  A mixture  of  flow- 
ers of  zinc  and  fulphur  combine  by  fufion  into 
a yellowilh-brov/n  mafs,  which  has  been  com- 


pared to  blende.  The  alkaline  fulphurets  when 
melted  with  oxyd  of  zinc  and  afterwards  dif- 
folved  in  water,  let  go  the  greateft  part  of  the 
oxyd  unaltered,  they  retain  however  a very 
fmall  portion.  Water  faturated  with  fulphu- 
retted  hydrogen  decompofes  after  fome  time 
the  falts  of  zinc,  forming  a yellow  precipitate, 
which  is  probably  a hydrofulphuret.  Prouft 
propofes  the  ufe  of  this  re-agent  to  purify  zinc 
from  copper  and  iron : the  mixture  being  dif- 
folved  in  dilute  nitric  acid  and  duly  neutralized, 
the  hepatic  water  is  to  be  carefully  added  till  it 
ceafes  to  produce  a black  precipitate ; this  Is 
hydrofulphuret  of  copper,  and  may  readily  be 
feparated  by  filtration ; to  the  clear  liquor  now 
add  more  of  the  hepatic  water  as  long  as  any 
yellow  precipitate  falls  down  ; this  is  the  zinc : 
the  iron  remains  in  the  folution. 

Hydrogen  appears  capable  of  taking  up  a 
minute  portion  of  zinc  when  it  is  produced  by 
the  rapid  aftion  of  dilute  fulphuric  acid  on  this 
metal : this  hydrogen  burns  with  a fomewhat 
brighter  flame  than  common  hydrogen. 

Zinc  combines  readily  with  phofphorus,  as 
Pelletier  has  fliown,  by  adding  to  zinc,  when  in 
fufion  and  covered  with  oil  to  prevent  oxydation, 
a few  pieces  of  phofphorus.  The  phofphuret  of 
zinc  thus  produced  is  of  a whitifli  colour  and  a 
metallic  luftre  not  unlike  lead.  It  is  fomewhat 
malleable,  exhales  a phofphoric  odour  by 
friftion,  and  in  a high  heat  burns  like  common 
zinc.  Phofphorus  alfo  combines  with  the  oxyd 
of  zinc : if  a mixture  confifting  of  6 parts  oxyd 
of  zinc,  6 parts  vitreous  phofphoric  acid,  and 
I part  of  charcoal  powder,  is  ftrongly  heated  in 
an  earthen  retort,  a filvery-white  vitreous  mat- 
ter is  fublimed,  which,  according  to  Pelletier,  is 
phofphorized  oxyd  of  zinc. 

Zinc  combines  with  many  of  the  other  metals, 
forming  alloys,  the  greater  number  of  which 
have  been  already  deferibed. 

Zinc  and  antimony  unite  by  fufion,  forming 
a compaft  horriogeneous  brittle  mafs,  of  an  afli- 
grey  colour,  and  of  lefs  denfity  than  the  mean 
of  its  ingredients. 

Zinc  with  copper  forms  feveral  important 
alloys,  for  an  account  of  which  fee  Brass  and 
Copper,  alloys  of. 

Zinc  and  Gold ; fee  Gold,  alloys  of 

Zinc  unites  with  iron  by  fufion,  but  not  very 
eafily  on  account  of  its  volatility ; the  refult  is 
a hard  fomewhat  malleable  alloy  of  a white 
colour  approaching  to  that  of  filver.  Iron  plate 
may  alfo  be  covered  with  zinc  in  the  fame 
manner  as  it  is  with  tin. 

Zinc  and  Lead  } fee  Lead,  alloys  of. 
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Zinc  and  tin  combine  by  fufion,  forming  a 
du£ii!e  alloy,  harder  than  zinc  and  of  a better 
colour. 

Zinc  and  Mercury  j fee  Mercury,  alloys  of. 

Zinc  forms  with  filver  a bluifli- white  brittle 
alloy  of  a granular  texture. 

The  ufes  of  zinc  in  its  various  forms  are 
confiderable.  In  its  metallic  ftate  it  is  employed 
by  the  Chinefe  for  coins,  and  has  been  propofed 
in  this  country  as  a fubftitute  for  lead  and  tin 
in  forming  and  lining  various  culinary  velTels  : 
this  however  is  extremely  Injudicious  as 
zinc  is  remarkably  foluble  in  all  acids,  and  all 
its  falts  are  violent  emetics.  In  combination 
with  copper  it  forms  brafs  and  all  the  ufeful 
and  ornamental  gold  coloured  alloys.  Its  fub- 
limed  oxyd  has  been  ufed  in  oil  painting  as  a 
fubftitute  for  white  lead  : it  has  not  indeed  the 
denfity  of  common  white  paint,  and  therefore 
one  or  two  more  coatings  are  required  of  the 
former  than  of  the  latter,  but  in  return  it  is  not 
liable  to  be  blackened  by  fulphureous  vapours, 
and  is  entirely  free  from  the  deleterious  effedls 
of  lead  paint.  Of  the  falls  of  zinc  the  fulphat 
is  largely  ufed  by  varnifhers,  &c.  to  make  oil 
drying,  and  this  together  with  the  acetite  is 
employed  in  medicine.  In  the  laboratory  the 
chief  ufe  of  zinc  is  to  procure  hydrogen  gas 
by  the  folution  of  it  in  the  fulphuric  or  muriatic 
acids. 

ZIRCON.  Jargon  or  Jargoon.  Hyacinth. 

Werner  and  his  difciples  make  two  feparate 
fpecies  of  the  zircon  or  jargon,  and  hyacinth ; 
but  from  the  analyfes  of  Klaproth  and  Vauque^ 
lin,  and  the  cryftallographical  refearches  of 
Hauy,  it  is  evident  that  the  two  fpecies  ought 
to  be  confolidated  into  one.  The  colour  of 
this  mineral  is  pale  greyifh-white,  fmoke-grey, 
and  greeniHi-grey,  leek-green  and  olive-brown, 
alfo  pale  wine-yellow,  orange-yellow,  bluifli-red. 


blood-red,  and  reddifli-brown.  It  occurs  in 
fmall  rounded  pieces  and  cryftallized.  Its  pri- 
mitive form  is  an  odiohedron  with  ifofceles 
triangular  faces : the  angle  formed  at  the 
common  bafe  of  the  pyramids  is  82®  : 50'. 
It  prefents  alfo  the  following  varieties  of  cryf- 
tallization. 

T.  The  rhomboidal  dodecahedron. 

2.  The  fame  as  the  preceding  except  that 
the  Tides  of  the  prifm  are  hexagons  inftead  of 
rhombs. 

3.  Var.  2.  with  the  common  edges  of  the 
prifm  and  terminating  pyramids  truncated. 

4.  Var.  2.  with  the  lateral  edges  of  the  prifm 
truncated. 

5.  A combination  of  the  two  preceding 
varieties,  that  is  var.  2.  with  all  the  edges  of 
the  hexagonal  faces  truncated. 

C.  A ftrait  tetrahedral  prifm  terminated  by 
tetrahedral  pyramids. 

7.  The  preceding  with  the  folid  angles  at 
the  bafe  of  the  pyramids  truncated. 

8.  Var.  6.  with  both  the  folid  angles  and 
common  edges  of  the  prifm,  and  terminating 
pyramids  truncated. 

The  cryftals  are  fmall  and  very  fmall ; exter- 
nally they  are  fmooth  and  Ihining  •, . internally 
both  the  cryftals  and  rounded  pieces  have  a 
brightly  Ihining  luftre,  between  adamantine  and 
vitreous.  The  fraiTure  is  foliated  paffing  into 
flat  conchoidal : the  fragments  are  indetermi- 
nate and  ftiarp  edged.  It  varies  from  tranflu- 
cent  to  tranfparent,  and  is  doubly  refra£Hng  in 
a high  degree.  It  is  hard  enough  to  fcratch 
quartz,  though  with  difficulty.  It  is  brittle 
and  eafily  frangible.  Sp.  gr.  4.38—4.62. 

It  lofes  its  colour  but  is  infufible fe  before 
the  blow-pipe.  The  following  are  the  analyfes 
that  have  been  made  of  this  mineral. 


Jargon  of  Ceylon. 

Hyacinth  of  Ceylon. 

Do. 

Klaproth 

Klapr. 

Vauquelin 

68.  — 

— 70.  — 

64.5 

31-5  — 

— 25.  — 

32- 

o-S  — 

— 0.5  — 

2. 

100. 

95-5 

98.5 

Hyacinth  of  Expailly. 
Vauquel. 

— 66.  Zircon 

— 31.  Silex 

— 2.  Oxyd  of  Iron 


99. 


It  occurs  in  the  beds  of  rivers  in  Ceylon 
mixed  with  magnetic  fand,  ruby,  tourmaline, 
fapphire,  &c.  alfo  in  the  fand  of  the  brook 
Expailly  in  Auvergne ; near  Meronitz  and 
Hohenftein  in  Saxony ; at  Schelkowitz  in 
Bohemia  imbedded  in  trap  ; and  at  Friedrich- 
fchwarn  in  Norway. 


The  yellow  and  fmoke  coloured  varieties 
are  called  by  the  jewellers  jargoons,  and  are 
not  unfrequently  pafled  olF  as  diamonds : the 
orange-red  varieties  are  called  hyacinths.  The 
commercial  value  both  of  one  and  the  other  is 
confiderably  inferior  to  that  of  the  diamond 
and  all  the  oriental  gems. 

3 « 2 
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ZIRCON  (Earth). 

This  earth  was  firft  difcovered  by  Klaproth*, 
and  its  leading  properties  have  fince  been  care- 
fully inveftigated  by  Vauquelin*.  It  is  ob- 
tained from  the  jargon  or  hyacinth  (fee  the 
preceding  article)  by  the  following  procefs. 
The  mineral  being  very  accurately  pulverized 
is  to  be  mixed  with  fix  times  its  weight  of  per- 
fedlly  cauftic  potalh  diflblved  in  a little  water. 
The  mafs  being  evaporated  to  drynefs  in  a filver 
crucible  is  to  be  kept  at  a low  red  heat  for  two 
hours  ; after  this  being  allowed  to  cool  it  will 
be  found  llrongly  adherent  to  the  crucible,  and 
muft  accordingly  be  covered  with  lo  or  12 
times  its  weight  of  water,  to  which  muft  then 
be  added  a fufficiency  of  muriatic  acid  in  order 
to  fuperfaturate  the  alkali.  By  a gentle  di- 
geflion  the  whole  of  the  mafs  will  be  diffolved, 
and  the  clear  folution  is  to  be  evaporated  flowly 
to  drynefs,  Birring  it  about  all  the  time  to  faci- 
litate the  feparation  of  the  filex.  The  refidue 
of  the  evaporation  is  now  to  be  digefted  with  a 
moderate  quantity  of  water  flightly  acidulated 
by  muriatic  acid,  which  will  take  up  the  zircon 
and  oxyd  of  iron,  leaving  the  filex  behind. 
1 his  evaporation  and  re-folution  in  very  dilute 
muriatic  acid  is  to  be  repeated  two  or  three 
times  that  every  particle  of  filex  may  be  fepa- 
rated.  To  the  muriatic  folution  is  now  to  be 
added  carbonat  of  ammonia,  which  will  at 
firft  occafion  an  abundant  precipitate,  but  by 
adding  an  excefs  of  the  alkali  the  whole  of  the 
zircon  will  be  re-diflblved  and  the  oxyd  of  iron 
will  fall  to  the  bottom.  The  clear  filtered 
liquor  is  to  be  boiled  for  two  or  three  hours,  by 
W’hich  the  excefs  of  ammonia  will  be  driven  off, 
and  the  zircon  will  be  depofited  in  the  ftate  of 
carbonat,  and  in  the  form  of  a white  powder. 
This  powder  being  waflred  and  properly  dried 
is  afterwards  to  be  calcined,  by  which  about  43 
per  cent,  of  water  and  carbonic  acid  will  be 
driven  off,  the  remainder  being  pure  zirpon. 

Calcined  zircon  is  of  a white  colour,  is  rough 
to  the  touch,  is  infipid  and  infoluble  in  water. 
Its  fp.  gr.  is  :z=:  4.3.  After  being  expofed  to 
an  intenfe  heat  in  a charcoal  crucible  it  ac- 
quires a grey  colour,  a vitreous  fradlure,  and  is 
hard  enough  to  give  fire  with  fteel.  When  pre- 
cipitated by  cauftic  alkali  from  its  acid  folutions 
it  retains  about  i of  its  weight  of  water,  in 
confequence  of  w'hich,  after  drying  in  the  air, 

• Analyt.  EIT.  I.  p.  175. 


it  acquires  the  femi-tranfparence  of  horn,  a 
yellow  colour,  and  a conchoidal  vitreous  frac- 
ture. Sulphuric  acid  combines  with  zircon, 
forming  an  infipid  pulverulent  fait,  infoluble  in 
water,  but  readily  decompofable  by  heat,  and 
even  by  long  boiling  in  water.  If  this  infoluble 
fulphat  is  digefted  in  dilute  fulphuric  acid  it 
diffolves,  and  by  cautious  evaporation  may  be 
brought  to  cryftallize  in  needles:  in  this  ftate  it 
is  decompofable  by  water,  the  excefs  of  acid  being 
abftradled.  The  alkalies  and  alkaline  earths 
decompofe  fulphat  of  zircon,  but  the  nitric  and 
muriatic  acids  do  not,  though  they  diffolve  it 
readily.  When  heated  in  a retort  with  char- 
coal its  acid  is  decompofed,  and  by  digefting 
the  fulphuret  thus  formed  in  water  it  dill'olves, 
and  the  folution,  by  evaporation,  affords  colour- 
lefs  tranfparent  cryftals  •,  their  flavour  is  ftrongly 
fulphureous,  but  their  other  properties  have  not 
been  afeertained. 

Nitric  acid  combines  eafily  with  zircon,  efpe- 
cially  if  this  latter  is  moift  and  recently  preci- 
pitated. This  fait  has  alw'ays  an  excefs  of  acid  : 
it  is  not  cryftallizable  but  is  reduced  by  evapo- 
ration to  a vifeid  gummy  confiftence  : to  the 
tafte  it  is  ftyptic  and  aftringent.  It  is  decom- 
pofed by  fulphuric  acid,  an  infoluble  fulphat 
being  precipitated.  Gallic  acid  occafions  in  it 
a white  precipitate,  as  alfo  does  hydro-fulphu- 
retted  water  and  hydro-fulphuret  of  ammonia. 
Muriatic  acid  readily  takes  up  zircon  from 
the  carbonat,  but  does  not  touch  this  earth 
after  it  has  been  calcined.  It  is  foluble  in 
jvater  and  alcohol,  and  by  evaporation  may  be 
obtained  in  needle-fhaped  cryftals.  It  is  decom- 
pofed by  the  fame  fubftances  as  the  nitrat,  and 
affords  white  flocculent  precipitates  with  the 
phofphoric,  nitric,  oxalic,  and  facchola£tic 
acids. 

Zircon  is  Infoluble  In  the  moift  way  by  the 
fixed  alkalies  either  cauftic  or  carbonated,  but 
is  taken  up  (as  we  have  already  mentioned)  by 
carbonated  ammonia.  » 

When  mixed  with  filex  and  alumine  It  Is 
fufible  by  a high  heat  into  a white  porcellanous 
mafs. 

In  its  aSinitles  for  the  acids  it  is  decidedly 
inferior  to  the  alkalies,  the  alkaline  earths,  and 
even  to  alumine. 

Neither  the  earth  nor  its  falts  are  made  any 
ufe  of. 

* Journ.  des  Mines,  No.  aj.  p.  97. 
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Cerium*. 

The  fubftance  called  cerium  by  Hifenger  and 
Berzelius,  two  Swedilb  chemifts,  and  ochroites 
by  Klaproth,  is  an  earthy  powder  of  a white, 
yellowifli,  or  reddifti-brown  colour,  and  is  con- 
fidered  by  the  former,  with  whom  Vauquelin 
alfo  coincides,  as  the  oxyd  of  a new  metal, 
while  it  is  regarded  by  Klaproth  as  an  earth, 
which,  like  yttria,  holds  a fort  of  middle  rank 
between  the  proper  earths  and  metallic  oxyds. 
Upon  the  whole  we  incline  to  the  opinion  of 
Vauquelin,  and  ftiall  therefore  in  the  following 
article  confider  cerium  as  a metallic  fubftance. 

§ I.  Ores. 

Sp.  I.  Cerite.  of  Klaproth.  Reddi/h 

Tungjien  of  Scheele.  Falfe  Tiivglien  of  Elhuyars. 

Its  colour  is  between  rofe  and  flelh-red,  red- 
difti-brown  and  clove-brown  ; it  occurs  maftive 
or  difleminated.  Its  fradfure  is  compact:  fplin- 
tery.  Internally  it  is  fliining.  It  varies  from 
femi-tranfparent  to  opake.  It  fcratches  glafs, 
and  gives  fire  with  dilficulty  when  ftruck 
againft  the  fteel.  It  is  brittle  and  eafily  fran- 
gible. Sp.  gr.  4.53—4.66. 

Before  the  blow-pipe  it  is  infufible,  but  be- 
comes friable,  and  acquires  a brown  colour 
according  to  Klaproth,  but  a yellow  one  ac- 
cording to  Vauquelin.  It  is  very  fparingly 
foluble  in  glafs  of  borax; 

Two  varieties  appear  to  have  been  analyfed : 
that  by  Klaproth  was  opake,  and  became 
brown  by  calcination  ; that  by  Vauquelin  was 
femi-tranfparent  and  became  yellow  by  calci- 
nation. The  refults  are  as  follow ; 

Klapr.  Vauq. 

^4.5  — 63.  Oxyd  of  Cerium 

34.  — 17.5  Silex 

4.  — 2.  Oxyd  of  Iron 

o.  — 4.  Lime 

5.  — 12.  Water 


It  occurs  at  Baftnaes,_near  Riddarhyttan,  in 
Sweden,  in  gneifs,  accompanied  by  copper 
pyrites,  bifmuth,  and  molybdena,  hornblende, 
and  aiflynolite. 

»Nich.  8%’o.  vili  p.  J07. 


J.  Anal^s. 

The  analyfis  of  cerite  is  upon  the  whole  beft 
conducted  in  the  following  way. 

a.  Having  minutely  pulverized  the  ore,  weigh 
it,  then  ignite  it  and  weigh  it  again  ; the  diffe- 
rence may  be  fet  down  as  the  amount  of  ‘water. 

b.  Digeft  the  calcined  ore  in  repeated  por- 
tions of  nitro-muriatic  acid,  and  when  nothing 
further  is  taken  up  fufe  the  refidue  with  cauftic 
potafh  ; then  diffolve  out  the  mafs  by  muriatic 
acid,  evaporate  to  drynefs,  and  digeft  again  in 
very  dilute,  muriatic  acid  j the  infoluble  refidue 
is  Bllex. 

c.  Add  together  the  muriatic  and  nitro-muri- 
atic folutions,  and  decompofe  the  whole  at  a 
boiling  heat  by  faturated  carbonat  of  potafli. 
Rediflblve  ■ the  whole  in  as  little  muriatic  acid 
as  poffible,  heat  the  folution  to  drive  off  the 
laft  remains  of  carbonic  acid,  and  add  perfe£Ily 
cauftic  ammonia  till  there  is  an  evident  excefs. 
Separate  the  precipitate  and  add  to  the  clear 
liquor  as  much  muriatic  acid  as  will  faturate  it, 
and  then  throw  down  from  it  the  Lwte  in  the 
ftate  of  carbonat,  by  means  of  a mild  alkali. 

d.  The  ammoniacal  precipitate  confifting  of 
the  oxyds  of  cerium  and  iron,  is  to  be  diffolved 
in  muriatic  acid,  and  liquid  hydrofulphuret  of 
potafli  is  to  be  dropped  in  till  the  precipitate, 
which  at  firft  will  be  greenifli,  becomes  white. 
The  clear  liquor  being  feparated  and  treated 
with  carbonat  of  potafh,  affords  a white  preci- 
pitate, which  is  carbonat  of  cerium. 

e.  The  greenifli  precipitate  is  to  be  diflblved 
in  as  little  muriatic  acid  as  poflible,  and  the 
folution  being  neutralized  by  an  alkali  to  the 
point  of  precipitation,  fulphat  of  foda  is  to  be 
added,  which  will  throw  down  a fulphat  of 
cerium.  The  refidual  fluid  being  then  deconi- 
pofed  by  ammonia  depofits  oxyd  of  Iron. 

f.  The  fulphat  of  cerium  [e)  is  now  to  be 
boiled  with  thrice  its  weight  of  carbonated 
foda,  by  which  it  will  be  converted  into  carbo- 
nat, which  is  to  be  diffolved  in  dilute  muriatic 
acid,  and  again  precipitated  by  carbonat  of  pot- 
afli or  of  foda. 

g.  The  carbonats  of  cerium  [d  and  f)  are 
now  to  be  calcined,  by  which  the  pure  brown 
oxyd  of  Cerium  will  be  obtained. 

Aa.  de  Chian.  li\r.  p.  28. 
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§ 3.  Ph\Jlcal  and  Chemical  Properties, 

Pure  cerium  does  not  appear  to  have  been 
yet  obtained  in  the  metallic  form;  in  Klaproth’s 
experiments  the  oxyd  v/hen  inclofed  in  a char- 
coal crucible,  and  fubjedfed  to  the  intenfe  heat 
of  a porcelain  furnace  underwent  no  alteration. 
Vauquelin,  however,  by  mixing  the  tnrtrire  of 
cerium  with  a little  oil,  lamp-black  and  borax 
fucceeded  in  obtaining  a few  mjnute  globules 
of  a metallic  appearance,  which  appeared  to  be 
an  alloy  of  cerium  and  iron. 

The  precipitate  from  any  of  the  falts  of 
cerium  by  means  of  a caudic  alkali  is  the  metal 
in  its  lowed  date  of  oxydation.  Its  colour  is 
white ; by  expofure  to  the  air  it  acquires  a 
yellowidr  tinge  in  its  progrefs  towards  the  date 
of  perfe£f  oxyd,  but  as  it  .abforbs  at  th.e  fame 
time  carbonic  acid  it  cannot  by  this  procefs 
arrive  at  its  ultimate  term  of  oxydation.  When 
expofed  to  the  blow-pipe  it  pafl'es  rapidly  into 
perfedf  oxyd,  and  acquires  a reddifh-brown 
colour,  but  undergoes  no  further  change. 
V/hen  mixed  in  fmall  proportion  with  borax  it 
forms  a greenilh-yellow  tranfparent  globule, 
which,  by  the  exterior  flame,  becomes  blood- 
red,  and  by  long  continuance  of  the  interior 
flame  becomes  colourlefs. 

The  fixed  alkalies  when  digeded  with  heat 
on  the  brown  calcined  oxyd  change  its  colour  to 
white,  and  bring  it  to  the  lowed  term  of  oxyd- 
ation, but  do  not  dilTolve  any  of  it.  Ammonia 
has  a fimilar  effeft  on  the  uncalcined  oxyd. 

Sulphuric  acid,  diluted  witlr  four  times  its 
weight  of  water  and  digeded  on  the  per-oxyd 
of  cerium  fird  communicates  to  it  a brilliant 
crydalline  appearance,  and  at  length,  if  the  acid 
is  confiderably  in  excefs,  forms  a complete 
folution  of  it:  this  folution,  by  very  gentle  eva- 
poration, depofits  minute  orange  coloured  cryf- 
tals,  fparingly  foluble  in  water,  and  of  a fweet 
acidulous  talle.  If  the  carbonat  or  fub-oxyd 
of  cerium,  is  employed,  the  refult  is  a very  pale 
rofe  colo-ured  folution  which  crydallizes  with- 
out difficulty  : this  latter  fulphat  contains  no 
excefs  of  acid,  and  has  merely  a faccharine 
tade.  The  fame  fait  may  be  produced  by 
double  affinity  ; if  fulphat  of  foda  is  added  to 
the  nitrat  or  muriat  of  cerium  a crydalline  pre- 
cipitate falls  down,  which  is  the  fait  in  quedion. 

Nitric  acid,  alfided  by  heat,  diflbives  eafily 
either  of  the  oxyds,  forming  a yellow  folution, 
which  cannot  be  made  to  crydallize  ; the  fait 
however  may  be  obtained  by  gentle  evaporation. 
It  has  a fomewhat  pungent  faccharine  tade  ; is 
foluble  in  twice  its  weight  of  alcohol,  and  when 


expofed  to  heat  it  melts,  is  decompofeJ,  and  a 
brick-red  oxyd  remains  behind. 

Muriatic  acid  when  digeded  on  the  per- 
oxyd  of  cerium  exhales  an  abundance  of  oxy- 
muriatic  acid  gas ; the  oxyd  is  by  degrees  dif- 
folved,  forming  a pale  rofe  coloured  lolution, 
which,  when  evaporated  to  the  confidence  of 
a thick  fyrup,  depofits  a confufed  mafs  of  cryf- 
tals.  This  muriat  has  a fweetifli  flavour,  is 
foluble  in  three  or  four  times  its  weight  of 
alcohol,  and  when  decompofed  by  dry  didilla- 
tion,  there  comes  over  oxymuriatic  acid,  and  a 
white  fub-oxyd  of  cerium  remains  in  the  retort. 

Any  of  the  preceding  falts  are  decompofable 
by  the  alkaline  carbonats,  fuccinats,  phofphats, 
tartrites  and  oxalats  forming  white  precipitates, 
the  properties  of  which  have  not  yet  been 
invedigated. 

Neither  tin£l;ure  of  galls  nor  hepatic  water 
produce  any  decompofition  of  the  above  falts  of 
cerium,  but  the  liquid  alkaline  hydro-fulphurets 
throw  down  a yellowiffi-white  precipitate  ; and 
prulfiat  of  potafh  a milk-white  one,  provided 
no  Iron  is  prefent. 

No  ufe  whatever  has  been  made  of  cerium 
in  any  form. 

SCHORL,  [omitted  by  mijlahe  in  its  proper 
place).  Tourmaline.  Cockle  of  the  Cornijh 
miners. 

Werner  divides  this  mineral  into  two  fub- 
fpecies,  one  of  which  he  calls  the  black  and  the 
other  the  ele£lric  fchorl.  But  as  both  of  them 
are  eleedrical,  and  as  the  differences  between 
them  are  very  trivial,  we  have  thought  bed  to 
follow  the  example  of  Hauy,  and  confider 
them  as  forming  only  one  fpecies. 

The  colour  of  this  mineral  is  greyiffi-white  ; 
leek,  olive,  and  pidachia  green  ; liver-brown, 
yellowifli  and  reddifh-brown ; hyacinth-red, 
crimfon-red  ; violet-blue,  fky  and  indigo-blue  ; 
velvet-black.  It  occurs  in  mafs,  difleminated, 
in  rolled  pieces  and  crydallized.  Its  prim.itive 
form  is  an  obtufe  rhomboid,  the  larger  plane 
angles  of  which  meafure  113°  34'  41".  The 
acdual  forms  that  it  prefents  are  the  following. 

1.  A nine-fided  prifm,  terminated  at  one 
extremity  by  fix,  and  at  the  other  by  three 
facets.  Of  the  fix  facets,  three  are  hexagons, 
and  three  triangles. 

2.  A twelve-fided  prifm  terminated  at  each 
extremity  by  the  fame  number  of  facets  as  the 
preceding.  Of  the  fix  facets,  three  are  hepta- 
gons, and  three  trapeziums. 

3.  A nine-fided  prifm,  terminated  by  the 
fame  number  of  facets  as  the  preceding.  Of 
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the  fix  facets,  three  are  heptagons,  and  three 
rhombs. 

4.  A nine-fided  prifm,  terminated  as  above. 
Of  the  fix  facets,  the  three  larger  are  hexagons, 
and  the  three  fmaller  irregular  heptagons. 

5.  A nine-fided  prifm,  terminated  at  one 
extremity  by  feven,  and  at  the  other  by  three 
facets.  Of  the  feven,  fix  are  alternately  rhombs 
and  parallelograms  furrounding  an  equilateral 
triangle. 

6.  A nine-fided  prifm,  terminated  as  the 
preceding.  Of  the  feven  faces,  fix  are  alter- 
nately triangles  and  pentagons  furrounding  a 
triangle. 

7.  A twelve-fided  prifm,  w^ith  nine  faces  on 
each  fummit. 

8.  A nine-fided  prifm,  wit^i  nine  faces  on 
one  fummit,  and  three  on  the  other.  Of  the 
nine  faces,  three  are  rhomboidal,  and  form  the 
terminating  pyramid,  the  other  fix  are  formed 
by  truncatures  of  the  common  bafe  of  the  pyra- 
mid and  prifm. 

9.  A nine-fided  prifm,  one  of  the  fummits  of 
which  is  unknown,  the  other  is  a pyramid  com- 
pofed  of  three  lengthened  hexagons  with  two 
trapeziums  intervening  between  each. 

10.  A nine-fided  prifm,  one  of  the  fummits 


of  which  is  unknown;  the  other  is  compofed 
of  15  faces,  viz.  three  pentagons,  three  triangles, 
three  rhombs,  and  fix  parallelograms. 

, II.  A twelve-fided  prifm,  one  of  the  fum- 
mits of  which  is  unknown,  the  other  is  com- 
pofed of  19  facets. 

12.  A twenty-four  fided  prifm,  one  of  the 
fummits  of  which  is  unknown,  the  other  is 
compofed  of  fix  facets,  alternately  large  and 
fmall. 

The  prifms  are  generally  long  in  proportion 
to  their  thicknefs,  and  longitudinally  ftriated. 
The  internal  luftre  is  more  or  lefs  finning, 
between  vitreous  and  refinous.  The  longitudi- 
nal frafture  is  conchoidal,  paffing  in  the  black 
varieties  to  coarfe-grained  uneven;  the  crofs 
fracture  has  a tendency  to  foliated.  It  varies 
from  tranflucent  to  opake.  Its  hardnefs  is 
about  equal  to  that  of  quartz.  It  is  eafily 
frangible.  Sp.  gr  — 3.09—3.15. 

Before  the  blow-pipe  it  is  fufible  by  itfelf, 
without  much  difficulty.  By  fridlion  it  exhi- 
bits the  vitreous  eleftricity  at  each  extremity ; 
by  heating,  one  end  exhibits  the  vitreous,  and 
the  other  the  refinous  eleftricity.  The  follow- 
ing are  the  principal  analyfes  that  have  been 
made  of  it. 


Black  S. 
in  mafs. 

D°  Cryftal- 
lized. 

Tourmaline 
from  Tyrol. 

D°  from 
Ceylon. 

D°  from 
Brafil. 

Green  D° 
from  Brafil. 

— 

Gerhard 

40.  38.  Silex 

40. 

V ' 

Bergman 

37- 

34.  Silex 

Vauquelin 
40.  Silex 

25- 

20.  Alumine 

42. 

39* 

50.  Alumine 

39.  Alumine 

^5- 

20.  Lime 

12. 

15 

11.  Carb.  Lime 

3.84  Lime 

18. 

19.  Iron  and 

6. 

9- 

5.  Ox.  Iron 

12.5  Ox.  Iron 

Alanganefe 

100. 

100. 

100.  , 

2.  Ox.  Manganefe 

98. 

97- 

97-34 

Schorl  occurs  in  primitive  rocks,  efpecially  in 
• gneifs  and  granite,  in  micaceous  and  argillaceous 
fchiftus.  It  often  is  imbedded  in  quartz,  but 
never,  we  believe  in  felfpar.  The,  opake  black 
varieties  with  a granular  fraflure  are  called 
fchorl,  the  others  are  called  tourmaline. 

Tourmaline  is  found  in  Ceylon,  Madagafcar, 


Daouria,  Ava,  Brafil,  Spain,  Switzerland, 
Sweden,  Norway,  France,  Scotland,  and  Sax- 
ony. Schorl  is  more  abundant,  in  Europe  at 
leaft,  than  tourmaline  is,  and  is  found  in  moft 
of  the  granitic  and  micaceous  diftrifis. 

Tourmaline  is  fometimes  cut  into  ring-ftones, 
but  its  commercial  value  is  very  fmall. 


APPENDIX,  No.  1 


DESCRIPTION  OF  THE  CHEMICAL  APPARATUS  MOST  FREQUENTLY 
USED  FOR  GENERAL  PURPOSES,  WITH  - 
REFERENCE  TO  THE  PLATES. 


Acid-holder,  pi.  i.  rig.  12-vi.  66. 

This  is  a fmall  glafs  phial,  the  mouth  of 
which  is  clofely  fitted  into  and  inverted  over 
the  neck  of  a retort  or  other  veflel,  and  is  fur- 
nifhed  with  a glafs  flop-cock.  Its  ufe  is  to  drop 
any  acid  or  other  liquor  gradually  into  a retort 
or  other  veflel  in  which  any  procefs  is  going 
on,  without  admitting  the  external  air  or  de- 
ranging any  other  part  of  the  apparatus.  The 
quantity  of  acid  dropped  in  is  regulated  by  the 
flop-cock. 

As  the  common  acid-holders  (Fig.  12)  have 
no  communication  with  the  external  air,  it  is 
difficult  entirely  to  regulate  the  fall  of  the  acid, 
on  which  account  we  have  given  Mr.  Pepys’s 
improvement  to  it  (Fig.  66)  that  has  another 
glafs  flopper  at  the  upper  end,  by  opening 
which  the  dropping  of  the  acid  may  be  com- 
pletely regulated. 

ADOP  FER.  PI.  I.  Fig.  3. 

This  is  a hollow  glafs  veflel  of  the  form  of  a 
fpindle,  the  upper  part  of  which  receives  the 
beak  of  a retort,  and  the  lower  part  enters  the 
neck  of  a receiver,  as  fliewn  in  the  plate  re- 
feired  to. 

Its  ufe  is  to  increafe  the  diflance  between 
the  two,  and  thus  to  facilitate  the  condenfation  of 
the  heated  vapour,  which  is  often  of  importance 
where  the  vapour  is  not  readilv  condenfiblc, 
and  the  receiver  liable  to  be  heated  by  the  fire. 

AIR-HOLDER.  See  Gazometer. 
AIR-FURNACE.  See  Furnace. 
ALEMBIC.  See  Distilling  Apparatus. 
ALUDEL.  PI.  II.  Fig.  36. 

This  is  an  old  apparatus  for  fublimation, 
confifling  of  any  number  of  earthen  pots  of  the 
form  reprefented,  the  upper  fitting  into  the 
lower,  and  the  lowefl  of  all  entering  into  a 
round  crucible  or  any  other  convenient  vefTel 
in  which- the  fubflance  to  be  fublimed  is  heated. 

VOL.  11. 


Aludels  however  are  now  almoft  entirely  dif- 
ufed,  almoft  all  fublimations  being  performed 
only  in  two  veflels,  viz.  the  lower  one  in  which 
the  material  is  heated,  and  the  upper,  which 
receives  the  fublimate;  it  having  been  found  that 
where  aludels  were  employed,  almoft  all  the  fub- 
limate that  could  be  colledled  at  all,  was  de- 
tained in  the  firft  veffel ; and  another  incon- 
venience of  aludels  is  that  the  fublimed  matter 
if  accidentally  detached  is  very  liable  to  fall 
down, again  into  the  crucible. 

AREOMETER.  See  Specific  Gravity. 

ATHANOR.  See  Furnace. 

BALLOON.  PI.  II.  Fig.  39.  c. 

This  is  {imply  a large  glafs  globe  with  a plain 
neck  of  moderate  length,  and  anfwers  a variety 
of  purpofes. 

BALNEUM.  I 

BATH.  j A bath  or  balneum  in 
chemiftry  is  (like  a common  warm-bath)  an 
intermede  by  which  any  body  immerfed  in  it, 
totally  or  partially,  may  be  heated  more  uni- 
formly and  moderately  than  from  direct  contadl 
with  the  fire.  The  common  balnea  in  chemif- 
try are  veffels  filled  either  with  water  or  fand 
and  fet  immediately  over  the  burning  fuel. 

The  Common  Water  Bath  cannot  receive  a 
greater  heat  than  212°,  and  it  will  not  raife  the 
temperature  of  any  fubflance  immerfed  in  it, 
quite  fo  high.  It  is  fometimes  attached  to  an 
alembic.  (PI.  II.  Fig.  34.  b.) 

It  is  particularly  ufeful  in  evaporations  of 
animal  or  vegetable  matter,  where  the  produdi 
would  'be  altered  and  fpoiled  by  a fcorching 
heat,  and  in  fuch  cafes  an  evaporating  veffel  fet 
in  any  iron  pan  full  of  water  over  a fire,  will 
often  anfwer  every  purpofe,  care  being  taken  to 
fupply  water  as  it  evaporates. 

A greater  heat  is  given  by  the  Sand-Bath 
(PI.  I,  Fig.  10— VIII.  82— X.  & XI.  Fig. 
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K.  L.)  which  confifts  of  an  iron  pot  funk 
into  a furnace,  and  filled  with  fand.  It  takes  a 
longer  time  to  heat  than  the  water  does,  and  the 
heat  Is  much  lefs  uniform  through  the  fand, 
being  confiderably  greater  at  the  bottom  of  the 
fand  than  at  the  top.  The  utmoll  heat  ufually 
given  to  the  fand-bath  is  that  of  low  rednefs, 
and  it  has  the  advantage  of  keeping  very  hot  for 
a long  time,  without  any  additional  fuel. 

In  a few  inftances  ftrong  brine,  or  mercury, 
are  ufed  as  balnea.  The  former  when  boiling 
is  confiderably  hotter  than  fimple  w'ater,  fo 
that  water  immerfed  in  boiling  brine  may  be 
brought  fully  to  the  boiling  point.  Mercury 
will  receive  a much  greater  heat,  and  it 
perhaps  might  be  more  frequently  ufed  with 
advantage  than  it  is  at  prefent,  for  heat  pe- 
netrates through  it  with  much  more  rapidity 
than  through  water,  and  every  veflel  ufed  in 
chemiftry  with  their  materials,  will  float  upon 
its  furface.  The  mercury  fliould  be  in  an  iron 
pan,  and  fhould  be  kept  much  below  its  boiling 
or  evaporating  point. 

The  terms  water  and  mercury  bath  are  often 
ufed,  though  not  quite  corre£Hy,  for  the  Pneu- 
matic Troughs  of  thefe  fluids  ufed  in  ope- 
rations on  gaffes  (which  fee). 

BELL  GLASS.  BELL  RECEIVER.  PI.  I. 
Fig.  17.— IV.  52. 

This  is  a very  ufeful  form  to  be  given  to  large 
glafs  veffels  in  a variety  of  experiments  on  gafl'es, 
particularly  where  any  vacuum  is  produced,  as 
the  vaulted  form  of  the  veflel  refifts  the  great 
force  of  atmofpherical  prefl'ure.  It  is  therefore 
employed  in  experiments  with  the  air-pump. 

BLAST  FURNACE.  See  Furnace. 
BLOW-PIPE.  PI.  VII. 

When  a fmall  jet  of  air  is  directed  laterally 
into  the  middle  of  the  flame  of  a lamp  or  candle, 
a portion  of  the  flame  is  diverted  in  the  direeftion 
of  the  jet,  and  forms  a long  flender  cone  of 
flame,  the  heat  of  which  increafes  towards  the 
end  of  the  cone,  and  at  the  very  point  its  in- 
tenfity  is  extreme.  This  affords  a raofl  conve- 
nient way  of  heating  in  a very  high  degree  with 
a. mofl  cheap  and  fimple  apparatus,  and  almofl 
inftantaneoufly,  any  fubflance  minute  enough 
to  be  involved  by  the  flame,  and  of  performing 
a vaft  number  of  experiments  by  which  the 
nature  of  fubflances  may  be  difeovered,  though 
the  a£lual  quantities  employed  are  generally  too 
minute  to  enable  the  chemift  to  afeertain  rela- 
tive proportions  with  accuracy. 

The  inflrument  by  which  the  jet  of  air  is 
produced,  is  called  the  blow-pipe,  of  which 
there  are  feveral  kinds.  The  moft  common  is 


that  ufed  by  the  mouth,  and  need  not  be  more 
than  a tube  of  brafs  or  any  other  material,  bent 
near  the  end  the  furthefl  from  the  mouth,  and 
drawn  out  fufficiently  fine  to  keep  up  a conflant 
rapid  ftream  of  air  by  the  fupply  that  the  mouth 
is  able  to  furnifh. 

But  as  in  the  courfe  of  blowing,  the  moifture 
of  the  breath  is  apt  to  condenfe  in  a troublefome 
quantity,  an  improvement  has  been  adopted  of 
making  a bulb  near  the  fmall  end  of  the  pipe, 
which,  to  render  it  more  portable,  is  divided 
through  the  middle,  and  the  two  parts  ferew 
together  when  ufed.  Fig.  73  « ^ is  a common 
brafs  blow-pipe  of  this  kind,  and  inflead  of  the 
pipe  itfelf  terminating  In  a fufficiently  fmall 
opening,  a feparate  jet-pipe  (Fig.  72)  is  flipped 
on,  of  which  there  are  two  or  three  different 
fizes  in  the  bore,  according  as  a larger  and  more 
moderate,  or  a final ler  and  more  intenfe  flame 
is  required. 

Fig.  71  is  a blow -pipe  of  the  fame  kind,  but 
flill  more  convenient.  It  contains,  like  the  for- 
mer, a circular  enlargement  to  condenfe  the 
moifture,  but  the  fmaller  end  cl  is  moveable  in 
any  diredlion  round  the  center  c,  whereby  any 
degree  of  obliquity  may  be  more  conveniently 
given  to  the  flame.  The  jet  pipe.  Fig.  72  is  ufed 
as  in  the  lafl,  and  an  ivory  mouth  piece,  by  flips 
on  the  larger  end,  being  pleafanter  to  the  lips. 

The  befl  kind  of  flame  for  blowdng  through 
with  the  common  blow-pipe  is  a wax  or  tallow 
candle  with  a very  large  wick,  which  fhould  be 
kept  fnuffed  moderately  low,  and  the  wick 
turned  a little  afide  from  the  pipe.  A fpirit 
lamp  is  fometimes  ufed,  which  make^  a per- 
fe£tly  clear  flame  without  fmoke,  but  weak 
when  ufed  in  this  way.  There  is  a kind  of 
knack  in  blowing  with  the  mouth,  which  is  not 
eafily  deferibed,  and  requires  a little  pra£Hce  to 
be  performed  with  eafe.  As  the  flame  mufl 
often  be  kept  up  for  feveral  minutes,  the  aft  of 
refpiration  mufl  be  carried  on  through  the 
nollrils  w'ithout  interruption,  and  the  flrefs  of 
blowing  mufl  be  performed  merely  by  com- 
preffion  of  the  cheeks  upon  the  air  in  the  mouth. 

The  fubflance  to  be  heated  is  pLced  either 
on  a piece  of  charcoal  or  a metallic  fupport. 
When  the  former  is  ufed,  a large  clofe  well- 
burnt  piece  of  charcoal  mufl  be  chofen,  a fmall 
fliallow  hole  fcooped  out  with  a knife,  and  the 
fubflance  laid  upon  it.  The  charcoal  itfelf 
kindles  all  round  the  hole,  and  the  hole  is  thus 
gradually  enlarged  •,  and  the  heat  too  is  kept 
up  round  the  fubflance  much  more  uniformly 
than  when  a metal  fupport  is  ufed.  At  the 
fame  time  however  the  chemical  cfTeft  produced 
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fcy  heated  charcoal  fhould  not  be  forgotten,  par- 
ticularly the  reduftion  of  metallic  oxyds,  and 
the  deoxygenation  of  the  fixed  acids;  fo  that, 
for  example,  a fmall  heap  of  minium  or  litharge 
heated  red-hot  on  charcoal  by  the  blow-pipe,  is 
fpeediiy  reduced  to  a globule  of  metallic  lead  ; 
the  phofphats  arc  partially  reduced  to  phofphu- 
rets,  &c. 

For  a metallic  fupport,  platina  is  in  general 
by  far  the  beft  material.  A fmall  fpoon  of 
this  metal  is  reprefented  of  the  real  fize  in 
Fig.  74;  the  fliank  of  which  may  be  ftuck  in  a 
cork  when  held.  Fig.  70  is  a fmall  filver  cup, 
alfo  of  the  real  fize,  the  fliank  of  which  is 
fixed  into  a wooden  handle.  Fufions  with 
borax  or  alkaline  fluxes  may  be  performed 
in  them.  Fig.  75  is  a fmall  forceps  lately 
brought  into  ufe,  and  made  entirely  of  two 
thin  pieces  of  platina  joined  by  rivets  and 
bent  in  the  manner  reprefented.  Any  fmall 
hard  fubflance  may  be  held  by  them  in  the 
blow-pipe  flame  for  any  length  of  time  with- 
out danger  of  the  points  of  the  forceps  melting, 
and  it  is  also  found  that  this  metal  is  fo  much 
worfe  a condu£l:or  of  heat  than  any  other,  that 
the  forceps  never  get  too  hot  for  the  naked 
fingers  to  touch  at  the  bend. 

In  the  common  way  of  ufing  the  blow-pipe 
there  is  this  inconvenience,  that  one  hand  of  the 
operator  is  employed  in  holding  the  pipe,  and 
the  other,  the  fupport;  fo  that  he  cannot  turn, 
or  in  any  way  manage  the  fubflance  heated,  nor 
trim  the  lamp  without  flopping  the  procefs. 
>Several  contrivances  have  been  employed  for 
fupporting  one  or  the  other,  and  giving  the  ope- 
rator the  free  ufe  of  one  or  both  his  hands,  fome 
of  which  are  complicated  enough,  efpecially 
where  a candle  is  ufed,  as  in  this  the  height  of 
the  flame  is  always  altering  as  it  burns  away. 
The  little  apparatus.  Fig.  76,  is  perhaps  as 
convenient  as  any,  where  a lamp  is  ufsd.  The 
kind  of  lamp  here  reprefented  is  of  the  fliape  of 
a flipper,  and  when  employed  by  the  glafs- 
blowers,  the  wick  is  a large  fkein  of  cotton, 
and  the  blafl  is  made  by  double  bellows  that 
are  fixed  beneath  the  table  and  worked  by  the 
foot  of  the  artift,  who  fits  before  the  lamp,  and 
thus  has  both  his  hands  and  mouth  at  liberty. 
The  fmoke  given  out  by  this  kind  of  lamp  is 
fo  much  that  it  is  neceflary  to  have  a fmall 
iron  chimney  with  a flue  hanging  juft  above  it. 
(See  the  article  Glafs,  Vol.  i.  p.  503.) 

Another  method  of  keeping  up  a continued 
ftream  of  air  without  either  the  mouth  or  bel- 
lows is  to  fix  a blow-pipe  tube  to  the  air  tube 
of  a ga;zometer,  PI.  V.  Fig.  61  & 2.  filled  with 


common  air,  and  the  ftrcngth  of  the  jet  may  be 
increafcd  by  lelTeningthe  counterpoifing  W'eights. 
(See  the  article  Gazometer.)  The  fame  appara- 
tus alfo  affords  an  opportunity  of  giving  in  a fmall 
fpace  the  higheft  poflible  heat  that  combuftion 
can  procure,  by  fubllituting  oxygen  gas  to  com- 
mon air  in  the  gazoincter.  Hence  it  is  of 
advantage  to  have  the  jet  pipes  tipped  with 
platina,  for  if  they  are  of  brals,  they  are  liable, 
without  confiderable  care,  to  melt  down  by  the 
intenfity  of  the  heat  produced,  or  if  of  iron, 
they  might  readily  be  burnt.  Some  of  the 
effetSls  of  this  intenfe  heat  on  refradlory  bodies 
are  related  under  the  article  Oxygen. 

A very  .ingenious  blow-pipe  has  been  in- 
vented (we  believe  by  Mr.  Paul  of  Geneva, 
known  by  his  excellent  preparations  of  the  ar- 
tificial mineral  waters)  which  confifls  in  paffing 
the  vapour  of  boiling  alcohol  through  the  flame 
of  a lamp,  whereby  it  is  kindled,  and  produces 
a very  large  cone  of  clear  blue  flame,  perfe£lly 
free  from  fmoke,  and  of  fufficient  intenfity  to 
melt  fmall  quantities  of  glafs  for  barometers 
and  thermometers,  and  for  many  other  ufeful 
purpofes.  Every  part  of  this  apparatus  is  en- 
tirely independent  of  the  artift,  fo  that  he  has 
both  his  hands  and  mouth  at  full  liberty. 

A reprefentation  of  Mr.  Paul’s  alcohol  blow- 
pipe with  a few  alterations  is  given  in  PI.  VII. 
Fig.  69.  The  whole  is  neatly  turned  in  brafs, 
and  confifls  of  the  following  parts. 

a is  a hollow  oval  frame  about  5 inches  in 
its  longeft  dimenfion,  which  fupports  the  pillar 
d and  the  two  lamps  b c,  which  may  burn  either 
oil  or  alcohol,  but  the  latter  is  the  beft.  The 
rim  e e flips  upon  the  pillar  d as  low  as  the  fhoul- 
der  of  the  latter  will  permit,  but  the  rim  may  be 
raifed  at  pleafure  and  kept  fafl  by  the  ferew-peg  f. 
The  rim  fupports  the  boiler  g which  is  a Angle  hol- 
low piece  of  thick  brafs  which  will  hold  about 
an  ounce  of  alcohol,  and  has  four  openings, 
viz.  three  at  top  by  i k and  one  at  bottom  to  re- 
ceive the  tube  0.  This  latter  is  long  enough  to 
reach  to  the  level  of  the  outfide  of  the  top  of 
the  boiler,  and  confequently  the  alcohol  within 
the  boiler  cannot  readily  boil  over  into  the  tube, 
and  the  opening  k which  correfponds  with  it, 
is  clofely  fliut  by  a ferew  ftopper,  hollowed  out 
a little  beneath,  to  allow  the  free  pafTage  of 
the  vapour  down  the  tube.  Here  the  vaporized 
alcohol  is  prevented  from  condenfing  at  the 
point  0 by  the  contiguity  of  the  flame  of  the 
lamp  by  and  as  it  pafl'es  on  through  the  hollow 
p q into  the  jet  tube  r,  it  is  immediately  kind- 
led by  the  flame  of  the  lamp  c,  and  the  united 
flames  are  compelled  fideways  with  fuch  vio- 
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lence  as  to  form  a long  pencil  of  blue  flame, 
attended  with  a confiderable  roaring  noife.  This 
continues  as  long  as  any  alcohol  is  left  in  the 
boiler,  which  allows  ample  time  for  moft  blow- 
pipe operations.  The  boiler  is  filled  at  the 
opening  h.  The  centre  hole  t is  nicely  fitted 
with  a fmall  brafs  plug  kept  down  by  a thin 
flip  of  iron  /,  the  other  end  of  which  flips  over 
the  top  of  the  upright  pillar  d,  and  is  confined 
between  two  flat  fcrew-plates  m ?i.  The  ufe  of 
this  is  as  a fafety  valve  to  take  away  all  danger  of 
the  boiler  burfting  by  the  confined  vapour  not 
being  able  to  efcape  fall  enough  through  the 
jet-pipe  r,  for  when  the  internal  preflure  is 
great,  the  elafticity  of  the  iron  fpring  / allows 
the  valve  i to  rife  fufficiently  to  let  out  part  of 
the  enclofed  vapour.  The  ferew  (toppers  h and 
k are  made  ftill  tighter  by  collars  of  leather,  as 
is  the  part  where  the  tube  o joins  the  boiler. 
The  jet-pipe  r has  a compleat  rotatory  motion, 
fo  that  the  flame  may  be  compelled  in  any  di- 
re£lion.  This  is  effedted  by  turning  in  the 
form  of  a ball  that  part  of  the  pipe  which  is 
enclofed  In  the  hollow  p q. 

BURNING  GLASS  and  MIRROR.  See 
Solar  Heat. 

CALORIMETER.  See  the  article  Caloric, 
p.  216  in  the  former  part  of  this  Didfionary. 

CAPITAL.  A capital  or  head,  is  the  upper 
part  of  an  alembic,  or  other  diltilling  apparatus, 
in  which  the  condenfation  of  the  vapour  begins. 
See  Distilling  Apparatus. 

CARBOY  is  a very  large  glafs  vefl'el  of  the 
form  of  a comprelTed  globe,  with  a Ihort  neck, 
ufed  by  the  manufadlurers  for  containing  ful- 
phurlc  acid.  It  is  generally  protedted  by  a 
bafket  of  wdeker  work. 

CRUCIBLE.  PI.  I.  Fig.  22  and  26. 

A crucible  is  a pot  generally  m.ade  of  clay, 
but  fometimes  of  other  materials,  and  intended 
to  bear  a ftreng  heat.  (For  fome  obfervations 
on  the  quality  of  thefe  fire-veflels  fee  the  article 
Pottery,  in  the  former  part  of  this  work). 
The  common  drape  of  the  earthen  ware  cruci- 
bles. is  either  three-cornered  or  round,  and  they 
are  fitted  with  ftoppers  of  the  fame  materials, 
(Fig.  23  and  27)  perforated  with  a Imall  hole, 
opening  obliquely  to  allow  the  efcape  of  any 
volatile  matter,  and  to  prevent  any  of  the  fuel 
from  dropping  in.  As  the  lower  part  of  the 
crucible  would  efcape  the  greatefl  intenfity  of 
he.’.t,  and  would  be  liable  to  crack  by  the 
draught  of  air  jf  it  was  let  diredlly  upon  the 
grate  of  the  furnace,  it  is  ufually  raifed  about 
two  inches  by  a fmall  fland,  which  may  be 
either  folid  Fig.  24,  or  holIowFig.  25.  The  latter 


when  Inverted,  alfo  forms  a convenient  ftand 
for  an  earthen  retort.  The  lid  of  the  crucible, 
may  be  luted  on,  when  neceflary,  with  any  kind 
of  fire  lute  (as  already  deferibed  in  the  article 
Cement,  Vol.  i.)  particularly  with  the  mixture 
of  borax  and  clay.  It  is  often  of  advantage  to 
line  the  crucible  with  charcoal,  for  example,  in 
the  redudlion  of  metallic  ores  that  require  no 
flux,  fuch  as  the  black  oxyd  of  manganefe. 
Chemifts  have  ufually  done  this  by  fitting  into 
the  crucible  a folid  piece  of  clofe  w’ell-burnt 
charcoal,  and  fcooping  out  a hole  in  the  latter ; 
but  it  is  a much  more  convenient  way  to  mix 
fome  powdered  charcoal  with  a very  little  lin- 
feed  meal,  to  moiften  it  with  juft  fo  much 
water  as  will  bring  the  mixture  to  a ftilF  pafte, 
and  to  line  the  crucible  with  it  when  wet.  On 
applying  heat,  the  linfeed  meal  burns,  and  gives 
out  a little  flame  and  fmoke  which  efcape 
through  the  hole  of  the  cover,  but  this  does  not 
derange  the  charcoal  lining. 

Crucibles  are  alfo  made  of  caft-iron,  of  fine  Gi- 
ver and  of  platina.  The  former  are  fometimes 
of  advantage  in  analyfes  where  a very  ftrong 
heat  is  required  to  be  given  to  fubftances  in 
contatl  with  alkaline  fluxes,  but  they  are  feldom 
ufed.  Silver  crucibles  are  employed  with  great 
utility  in  the  common  analyfis  or  refolution  of 
minerals  by  cauftic  alkalies  ; and  they  are  alfo 
extremely  ferviceable  in  a variety  of  other  expe- 
riments, where  a heat  not  exceeding  moderate 
rednefs  is  requiretl,  and  where  the  fubftances 
do  not  a£f  upon  this  metal. 

The  ufe  of  platina  for  crucibles  has  fo 
much  increafed  of  late  that  it  is  confidered  as 
eflential  to  a well-furniflied  laboratory,  and 
indeed  not  without  reafon,  as  there  is  1.0  fub- 
ftance  that  unites  fo  fully  the  qualities  of  infu- 
fibility  at  almoft  any  heat  with  refiftance  to  the 
action  of  almoft  every  chemical  reagent.  The 
cauftic  alkalies  however  have  fome  diflblving. 
power  on  this  metal  as  is  mentioned  under  the 
article  Platina.  Where  a crucible  of  this  metal 
is  ufed  for  very  high  heats,  particularly  in  fires 
fupplied  by  coal  or  coak,  it  fnould  be  loofely 
indofed  in  a refractory  earthen  crucible,  other- 
wife  the  vitreous  flag  of  the  coal  is  apt  to  encruft 
the  outfide  of  the  platina  vefl’el,  and  adhere  to 
it  with  fo  much  force  that  it  can  hardly  be  got 
oif  without  great  violence. 

CUCURBIT.  PI.  II.  Fig.  39.  «. 

Thi^  is  an  oblong  glafs  vclTel  with  a very 
wide  mouth  (nearly  of  the  form  of  a \oug  gourd, 
whence  its  name)  ufed  for  various  chemical 
purpofes,  and  in  p.irticular  it  forms  the  body  of 
the  common  glafs  alembic. 
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CUPEL.  PI.  I.  Fig.  28  and  29. 

'1  his  is  a folid  pafte  of  bone-afh  moulded  in 
a fhort  cylindrical  or  truncated  pyran^idal  form, 
with  a {hallow  circular  cavity  at  the  top,  about 
the  i'lze  of  a fegment  of  a large  bullet.  It  is 
ufed  in  the  procefs  of  AJfaying^  (which  article 
fee  in  Vol  i.  p.  no.)  In  making  cupels  the 
powdered  bone-afli  Is  moiftened  with  a very 
little  water,  and  the  mafs  is  made  into  the 
required  form  by  being  ftruck  with  confider- 
able  force  into  a mould  of  brafs  or  iron,  and 
afterwards  gradually  dried.  By  this  means  it 
acquires  fufficicnt  hardnefs  for  the  ufe  to  which 
it  is  put. 

DETONATING  JAR.  PI.  VI.  Fig.  67. 

It  is  frequently  neceffary  in  the  analyl^s  of 
fome  gaffes  to  take  the  eleftric  fpark  on  given 
quantities  in  clofe  veflels,  fuch  as  mixtures  of 
oxygen  and  hydrogen,  which  laft  forms  the 
eudiometer  contrived  by  Volta,  and  bears  his 
name.  It  confifts  of  a thick  glafs  tube  quite 
open  at  bottom,  and  near  the  top  are  two 
perforations  in  which  fmall  wires  are  cemented 
that  approach  each  other  within  the  jar  near 
enough  to  communicate  the  electric  fpark, 
from  an  adjoining  machine,  wheyeby  the  in- 
clofed  galfes  are  fired.  In  moft  cafes  where 
this  apparatus  is  ufed  it  is  with  mixtures  of 
gaffes  that  detonate  flrongly  when  fked,  which 
is  attended  with  fome  inconveniences.  If  the 
jar  In  which  the  experiment  is  fired  is  clofely 
flopped  a very  fmall  quantity  of  hydrogen  and 
oxygen  will  burft  pretty  thick  glafs ; and  if  it 
is  entirely  open,  fo  that  all  the  force  of  the 
explofion  may  be  fpent  on  the  liquid  in  which 
the  lower  end  is  immerfed,  a good  deal  of  it 
(efpecially  if  it  be  mercury)  is  thrown  out  and 
difperfed  to  a diftance.  'Fhefe  inconveniences 
are  entirely  remedied  by  the  detonating  jar 
deferibed  in  the  Plate  (invented  by  Mr.  Pepysj 
in  which  the  jar  is  fupported  by  the  heavy  iron 
ftand  c,  which  has  a ftrong  fprlng  near  the  foot 
that  draws  out  in  the  manner  of  the  fteel-yard 
when  the  concuffion  is  given  ; and  thus  much 
larger  quantities  may  be  fafely  detonated  than 
can  be  done  by  the  common  apparatus,  with- 
out fpilling  any  of  the  mercury.  The  flrock  is 
taken  by  wires  that  pafs  through  the  holes 
a and  b. 

DIGESTER. 

A digefter  is  a thick  iron  boiler  furnifhed 
with  a llrong  lid  perfe£liy  tight,  that  may  be 
ferewed  down  with  force  fufficient  to  refift  the 
expanfivc  force  of  the  inclofed  fleam,  whereby 
the  water  or  other  liquid  which  it  contains 
may  be  heated  confiderably  higher  than  the 


natural  boiling  point  of  water  when  unconfined. 
But  as  the  llrength  of  the  veifel.  diminiflies, 
and  the  force  of  expanfion  increafes  as  the  heat 
is  raifed,  there  is  a point  at  which  the  veffel 
would  burft,  and  a dangerous  explofion  would 
take  place,  if  it  were  not  prevented  by  a fafety 
valve,  with  which  all  thefe  vefTels  are  furniftied, 
and  which  will  open  and  let  part  of  the  con- 
fined vapour  efcape  when  the  expanfion  has 
reached  a certain  point.  There  are  fome  cafes 
where  a digefter  proves  an  iifeful  part  of  che- 
mical apparatus,  but  it  Is  not  often  employed. 
DIS  I'lLLING  APPARATUS. 

Under  this  article  we  fhall  defcribe  the  tlif- 
ferent  kinds  of  alembic,  the  common  ftill,  with 
its  worm-tub,  and  the  other  apparatus  for 
fimple  diftillation,  or  that  in  which  the  foie 
obje£l  is  to  condenfe  and  colle£l  in  a liquid 
from  the  heated  vapour  of  any  fubftance. 
When  a part  of  the  product  to  be  co!le£led  fs 
either  a permanently  elaftic  gas,  or  a vapour 
which  requires  to  be  pafled  through  water  or 
any  other  liquid  in  order  to  be  condenfed,  it  is 
neceffary  to  employ  a more  complicated  appara- 
tus fimilar  to  that  which  was  originally  invented 
by  the  late  Mr.  W oulfe,  and  will  be  deferibed 
under  the  article  Woulfe’s  Apparatus. 

The  fimpleft  apparatus  for  diftillation  with 
moderate  quantities  is  the  Retort  and  Receiver. 
The  former  is  made  either  plain  (PI.  I.  Fig.  5.) 
or  tubulated  and  fitted  with  a ground  ftopper 
Fig.  2.  It  ftiould  be  roomy  at  the  bend,  as  it  is 
there  where  the  vapour  firft  begins  to  condenfe. 
When  the  plain  retort  is  ufed,  the  materials  to 
be  diftilled,  if  liquid,  fhould  be  poured  in  by  a 
very  long  funnel,  fo  that  none  of  it  may  trickle 
down  the  neck.  The  bottom  of  the  retort 
where  the  heat  is  applied  is  blown  pretty  thin, 
and  being  of  uniform  thicknefs  it  will  always 
bear  the  heat  of  an  Argand  lamp,  or  even  it 
may  be  flung  upon  a fmall  chain  over  a com- 
mon open  coal  fire  when  burning  clearly,  with 
very  little  rifk  of  brealang,  if  tolerable  caution 
be  ufed.  The  neck  of  the  retort  paffes  into 
that  of  the  receiver,  or  fometimes  with  the  In- 
tervention of  an  Adopter  (Fig.  3.)  and  the  join- 
ings fliouIJ  be  luted.  The  receiver  fnould  be 
of  confiderable  capacity  compared  to  the  retort, 
fuch  as  Fig.  4.  to  Fig.  2.  to  allow  a large  cool 
furface  for  the  condenfing  vapour,  and  it  may 
be  further  kept  cool  by  covering  it  loofely  with 
a cloth  frequently  wrung  out  of  cold  water. 
The  receiver  may  be  either  a fimple  globe  with 
a neck  Fig.  6,  or  may  be  dratvn  cut  into  .a  long 
tubs  at  bottom,  as  in  Fig.  4,  in  which  cafe 
the  tube  fliould  cuter  a Lcttk  placed  beneath. 


D I S 


( 518  ) 


D I S 


V7hen  the  receiver  is  tubulated  it  gives  -the 
advantage  of  allowing  all  the  joinings  between 
it  and  the  retort  to  be  perfectly  air-tight,  with- 
out danger  of  the  veitels  hurtling  by 'the  ex- 
panfion. 

The  alembic  employed  for  diflillations  in 
larger  quantities  than  with  the  common  fized 
retorts  is  reprefcnted  in  PI.  II.  Pig.  33  and  34.; 
the  latter  of  which  is  a fe£tion  of  the  former. 
This  is  taken  from  a drawing  of  a very  ex'cel- 
lent  alembic  made  of  tinned  copper,  almoft 
exactly  the  fame  as  that  given  by  Beaume  in 
liis  Elements  de  Pharmacie,  and  ufed  by  that 
excellent  pra£tical  chemift.  It  contains  befides 
the  etTential  parts  of  the  apparatus  the  very 
ufeful  addition  of  a water  bath,  which  may  be 
employed  or  taken  out  at  pleafure.  This  appa- 
ratus confifts  of  the  four  following  pieces : a a 
Pig.  33  and  34  is  the  boiler,  which  is  let  in  to 
a portable  furnace  to  the  height  of  the  fhoulder. 
It  has  a fmall  opening  at  the  upper  part,  flopped 
with  a cork,  by  w'hich  frefii  liquor  to  be  diftilled 
may  be  poured  in  during  the  procefs  of  diflil- 
lation  v/ithout  deranging  the  apparatus  \ bb  is 
the  water  bath  which  finks  almoft  to  the  bot- 
tom of  a,  and  is  therefore  kept  entirely  fur- 
rounded  with  boiling  water,  c is  the  capital  or 
part  in  which  the  condenfation  of  the  vapour 
begins.  It  is  only  feen  in  Fig.  34,  being  hid  in 
Fig.  35  by  the  velTel  cl.  The  capital  is  of  a 
conical  flrape,  and  at  the  lower  part  of  the  cone 
a fmall  gutter  is  made  by  a doubling  of  the 
copper  plate,  which  terminates  in  a conducing 
pipe  that  points  obliquely  downwards.  The 
capital  c is  entirely  inclofed  and  cemented  into 
the  refrigeratory  d,  fo  as  to  make  but  one  piece 
with  it.  The  ufe  of  the  veflel  d is  to  con- 
tain cold  water,  which  by  cooling  the  out- 
fide  of  the  capital  c facilitates  the  condenfation 
of  the  vapour  within  it  and  caufes  it  to  flow'  in 
a ftream  down  the  condudllng  pipe,  e is  a 
cock  belonging  merely  to  the  refrigeratory  d,  to 
let  the  w'-ater  off  when  too  much  heated  by  the 
boiling  vapour  in  the  capital.  The  veflel  d has 
alfo  two  handles,  by  which  it  may  be  lifted  on 
and  off  more  conveniently.  This  apparatus  Is 
fo  conftrudted  that  the  water  bath  b may  be 
entirely  removed,  in  which  cafe  the  capital 
with  its  refrigeratory  clofes  dlredlly  upon  the 
boiler  a,  which  then  contains  the  matter  to  be 
diftilled.  A capital  and  refrigeratory  fitting 
upon  a fmall  boiler  is  alfo  fhewn  in  Fig.  35. 
This  is  often  made  of  block  tin,  and  Is  very 
ufeful  in  diftilling  water  for  chemical  purpofes 
with  little  trouble. 

There  is  however  one  difadvantage  in  the 


alembic  with  the  refrigeratory  thus  placed  on 
the  top  of  the  apparatus,  which  is,  either  that 
the  water  of  the  refrigeratory  foon  gets  fo  w'arm 
as  not  to  be  able  effedtually  to  condenfe  all  the 
vapour;  or  if  it  is  kept  conftantly  cold,  a con- 
fiderable  part  of  the  condenfed  vapour  drops 
back  again  into  the  boiler,  which  is  diredlly  be- 
neath it,  and  thus  the  procefs  is  prolonged, 
befides  the  danger  of  altering  the  quality  of 
the  produdl  by  the  long  heating,  d o remedy 
this  defeft  feveral  chemiils  (and  among  them 
Beaume)  have  added  to  the  alembic  a ferpen- 
tine  or  w'orm  tub  (fuch  as  is  reprefcnted  in  Fig. 
32,)  into  which  the  conducing  pipe  of  the 
capital  opens,  and  it  is  this  addition  probably 
which  has  led  to  a great  fimplification  of  the 
apparatus,  by  remo'ving  entirely  the  refrigera- 
tory round  the  capital  and  caufing  the  whole  of 
the  condenfation  to  be  performed  in  the  fer- 
pentine.  This  forms  the  common  ftill  with  its 
adjoining  worm-tub,  which  is  now  ufed  with 
dome  variety  of  conftrudlion  almoft  exclufively 
in  this  country  both  in  the  large  way  in  the  vaft 
rnanufadlure  of  diftilled  fpirits,  and  where  only 
a few  pints  of  diftilled  liquor  are  wanted,  and 
which  has,  with  us  at  leaft,  almoft  entirely 
fuperfeded  the  old  alembic. 

The  common  ftill.  Fig.  31,  confifts  of  only 
two  parts,  viz.  ci  the  boiler,  which  is  here  fhewn 
as  partly  buried  in  a portable  furnace  ; and  b 
the  head  or  capital,  which  confifts  of  a pretty 
large  hollow  globe,  the  upper  part  of  which  is 
drawn  out  into  a curved  pipe  that  makes  a 
compleat  arch  and  terminates  at  f Fig.  32,  where 
it  enters  the  upper  part  of  the  ferpentine,  or 
worm.  This  latter  is  a long  pipe  made  of 
pewter,  with  a decreafing  diameter  to  the  bot- 
tom, and  fixed  in  a tub  filled  with  cold  water, 
which  efledlually  condenfes  the  vapour,  fo  that 
the  liquid  falls  in  a thin  regular  ftream  from 
the  lower  end  of  the  ferpentine.  The  joining 
between  the  boiler  and  head  of  the  ftill  generally 
requires  a flight  luting,  for  which  flips  of  paper 
dipped  in  pafte,  or  of  wet  bladder  neatly  ap- 
plied over  the  circle  of  jundlion  is  fufficient. 
The  line  of  tube  from  the  bend  of  the  ftill -head 
to  the  very  bottom  of  the  worm-pipe  fhould  be 
a gradual  uniform  Hope  downwards,  and  fome 
nicety  is  required  in  the  maker  to  give  the  fer- 
pentine that  regular  falling  fpiral  line  which  Is 
found  the  moft  favourable  to  fpeedy  conden- 
fation. The  chief  difadvantage  of  the  fpiral 
worm-pipe  is  the  difficulty  of  cleaning  it  and 
getting  out  the  remains  of  any  ftrong-fmclling 
fubftance,  fuch  as  an  elTential  oil ; whereas  the 
large  alembic  capital  is  eafily  cleanfed. 
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For  drlllllation  of  fmall  quantities  of  eafily 
conclenfible  fubftances,  where  much  nicety  and 
cleanlinefs  is  required,  the  glafs  alembic,  Fig. 
39,  is  highly  ufcful.  It  confifts  of  two  pieces, 
viz.  a the  cucurbit  or  boiler,  the  bottom  of 
which  is  made  thin  fo  as  to  bear  a lamp-heat, 
and  6 the  capital.  Thefe  are  fometimes  made 
fight  by  luting  and  fometimes  by  grinding.  The 
beak  of  the  capital  may  pafs  into  the  glafs  bal- 
loon c or  into  any  other  convenient  veflel,  which 
laft  may  alfo  be  furrounded  with  cold  water  or 
ice,  if  required.  The  glafs  alembic  is  in  fome 
refpedls  better  than  the  retort  and  receiver, 
inafmuch  as  the  veflel  to  which  heat  is  applied 
can  be  got  at  much  more  eafily  to  be  filled  or 
cleanfed,  but  it  is  an  expenfive  apparatus  and 
liable  to  accidents. 

The  old  veflel  called  the  Pelican  Fig.  38,  is 
a kind  of  alembic  fo  contrived  as  to  allow  the 
diftilled  liquid  to  fall  down  again  perpetually 
into  the  vefTel  whence  it  was  expelled.  An 
improvement  on  it.  Fig.  37,  is  of  the  fame 
kind.  See  Pelican. 

DO.ME  is  the  upper  part  of  feveral  kinds  of 
furnace,  round  which  the  flame  of  the  fuel 
reverberates  before  it  enters  the  chimney.  See 
Furnace. 

EUDIOMETER. 

The  various  procefTes  belonging  to  Eudkmetry 
or  the  afeertaining  the  purity  of  the  air  have 
been  mentioned  under  that  article  in  the  for- 
mer part  of  this  work.  Some  of  the  moft  con- 
venient veflTels  for  that  purpofe  may  be  here 
deferibed. 

PI.  I.  Fig.  18.  is  a graduated  jar  for  mea- 
furing  gaffes.  It  is  made  wider  at  bottom  to 
Hand  more  fteadlly.  'Pliere  are  two  ways  of 
graduating  jars,  either  of  which  any  one  may 
readily  perform  for  himfelf.  Sele£l  a very 
fmall  phial  or  tube  which  will  exa£Uy  hold, 
when  brimful!,  an  aliquot  portion  of  a cubic 
inch,  which  is  determined  by  weighing  the 
contents,  allowing  for  the  cubic  inch  at  60° 
temperature  25 2|  grs.  of  diftilled  water.  Fill 
the  eudiometer  jar  with  water  at  60°  invert  the 
empty  phial  under  it,  and  turn  it  up  when 
within  the  jar,  by  which  means  the  required 
portion  of  a cubic  inch  of  air  will  rife  to  the 
top  of  the  jar.  Pafte  a long  flip  of  paper 
round  the  level  of  the  water  in  the  jar,  and 
then  repeat  the  fame  operation  till  the  whole  is 
graduated.  The  lines  may  then  be  marked 
with  a diamond,  or  a fine  three-cornered  file, 
and  numbered,  and  the  paper  feraped  off. 

In  graduating  a jar  in  this  method  there  is  a 
Httle  trouble  in  getting  a phial  to  hold  the  pre- 


clfe  quantity,  and  it  will  be  more  accurate  if 
the  rim  round  the  neck  is  taken  off  and 
the  edges  ground  fmooth.  If  the  required 
w'eight  of  water  does  not  quite  fill  it,  a fmall 
pellet  of  wax  or  cement  may  be  added,  and  this 
may  afterwards  be  melted  upon  the  bottom  of 
the  phial  to  diminifh  its  capacity.  In- gradu- 
ating a jar  in  this  manner,  the  hand  of  the  ope- 
rator fhould  touch  the  phial  only  for  an  inftant, 
and  at  the  thickeft  part  of  the  glafs,  to  avoid 
the  expanfion  of  the  contained  air  by  the  warmth 
of  the  hand. 

Another  method  of  graduating  is  to  weigh  in 
the  jar  itfelf  fucceflive  portions  of  diftilled 
water  correfponding  with  the  divifions  of  the  cu- 
bic inch  intended  to  be  marked,  and  to  fcratch 
the  levels  by  the  file  or  a diamond.  This  is 
in  fome  refpedls  more  accurate  than  the  former, 
as,  with  tolerable  care,  it  obviates  all  danger  of 
any  fenfible  error  from  accidental  changes  in 
temperature,  the  whole  meafurement  being 
made  with  water  In  which  the  difference  of  a 
degree  or  two  is  fcarcely  felt.  There  is  only 
this  circumftancc  to  be  obferved,  which  is,  to 
carry  the  lines  of  divifion  nearly  round  the 
whole  circumference  of  the  jar,  otherwife  fome 
deception  may  eafily  arife  in  the  ufe  of  it,  un- 
lefs  the  furfaces  of  the  top  and  bottom  of  the 
jar  are  exactly  parallel  to  each  ether ; for  when 
graduated  by  fucceffive  quantities  of  water,  it  is 
obvious  that  the  Jar  muft  ftand  on  its  clofed 
end,  and  the  contrary  when  graduated  by  por- 
tions of  air. 

The  above  inftrument  is  limply  a graduated 
jar  and  therefore  foniewhat  improperly  called 
an  ettaiomeicr  jar,  but  two  or  three  dire£f  eudi- 
ometrlcal  veflels  have  been  contrived  whereby 
the  fubftance  intended  to  snalyze  the  contained 
air  by  abfofbing  a portion  may  be  conveniently 
applied  to  it. 

Dr.  Hope’s  eudiometer  is  the  followirfg : 
PI.  IV.  Fig.  55. 

It  confifts  of  two  parts,  the  lower  of  w-hich  is 
a fliort  thick  bottle  with  an  upper  and  a fide 
opening  (the  latter  clofed  by  a glafs  ftopper) 
and  the  upper  part  is  a graduated  tube  clofed 
at  top  and  accurately  fitting  into  the  lower  ' 
bottle  by  grinding.  To  ufe  it,  take  off  the  tube 
and  fill  it  quite  full  wdth  the  gas  to  be  exa- 
mii  ed,  and  alfo  fill  the  bottle  with  the  eudio- 
metrical  liquid  {fuiphuret  of  lime  for  example) 
and  -without  fhaking  it,  fink  it  in  water.  Then,, 
immerfing  the  open  end  of  the  tube  in  the  fame 
veffel,  bring  it  over  the  bottle  and  tjiruft  It  In. 
The  bottle  and  tube  may  then  be  taken  out,  and 
•well  fliaken,  that  the  liquor  may  thoroughly^ 
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' come  in  contaft  with  the  contained  gas,  and 
the  bottle  from  time  to  time  immerfed  again 
under  water,  and  the  fide'  ftopper  a little 
Icofened  that  the  water  may  ruili  in  to  fupply 
' the  partial  vacuum  produced  by  the  abforpiion. 
This  will  indeed  fomowhat  dilute  the  eudiome- 
trical  liquor,  but  not  fo  as  to  prevent  it  from 
acting.  When  no  more  abforpiion  takes  place 
the  procefs  is  finifhed,  (which  only  requires  a 
few  minutes  at  longeft)  and  the  abforption  is 
noted  at  once  by  the  graduated  fcale  ■,  or  if  the 
tube  is  not  graduated,  the  refidual  gas  may  be 
transferred  to  another  that  is. 

Another  eudiometer  which  is  intended  rrterely 
for  the  analyfis  of  the  atmofpheric  air  of  any  fitu- 
ation,  is  that  of  Mr.  Davy,  PI.  IV.  Fig.  56.  which 
ccnfifts  fimply  of  a portion  of  glafs  barometer 
tube,  bent  into  two  legs  of  equal  length,  both  of 
M'hich  are  furnifhed  with  glai’s  Hoppers,  and  one 
of  them  graduated.  It  is  ufed  in  the  following 
way.  The  tube  is  of  courfe  filled  with  the  air 
of  the  place  which  it  occupies,  or  for  greater 
certainty,  it  maybe  firfb  entirely  filled  with  water, 
and  then  inverted,  by  which  the  adjoining  air 
'will  come  in  as  the  water  falls  out.  Then 
holding  it  with  the  bend  lowermoft,  and  both 
the  Hoppers  out,  drop  down  through  the  plain 
or  ungraduated  fide  a little  water,  till  it  reaches 
the  beginning  of  the  graduation,  and  clofe  the 
graduated  fide  with  the  ftopper,  fo  that  the  air 
occupies  exa£Uy  the  whole  of  the  graduated 
fpace.  Then  pour  dowm  the  plain  fide  upon 
the  water  the  eudiometrical  liquor  (fulphat  of 
iron  holding  nitrous  gas  in  folution)  till  this 
fide  is  quite  full,  and  dofe  this  ftopper  alfo. 
The  whole  cavity  will  then  contain  a known 
portion  of  air  in  conta£I  with  the  proper  liquor, 
which  by  agitation  will  abforb  all  the  oxygen 
of  the  air  in  a few  feconds,  and  by  loofening 
the  ftopper  of  the  plain  fide  under  water,  the 
refiduary  gas  on  the  other  fide  will  ftirink  to 
its  proper  volume,  and  may  immediately  be 
eftimated. 

Volta’s  eudiometer  for  the  detonation  of  the 
inclofed  air,  wdth  meafured  portions  of  hydro- 
gen, has  been  already  mentioned  under  the 
article  Detonating,  Jar. 

EVAPORATING  VESSEL. 

Evaporation  is  one  of  the  co'mmoneft  opera- 
tions in  chemiftrv,  and  in  the  fmall  way  may  be 
performed  with  fuflicient  eafe  in  almoft  any 
open  vefl'el.  The  evaporating  veflels  made  for 
this  exprefs  purpofe  are  fometimes  of  metal, 
but  generally  either  of  glafs  or  earthenware. 
The  glafs  velfiels  ufed  in  this  country  are  feg- 
ments  of  fpheres  blown  thin  enough  to  bear  a 


lamp  heat,  and  fold  in  affbrtments  of  dilTerent 
fizes,  from  the  capacity  of  nearly  a pint  to  that 
of  about  an  ounce.  A broken  matrafs  or  Flo- 
rence flafle,  cut  round,  will  anfwer  the  purpofe 
extremely  w'ell.  The  globular  fliape  of  all  thefe 
velTels  however  renders  them  difficult  to  heat, 
but  it  is  difficult  to  get  glafs  much  flatter  at 
bottom  and  retaining  that  uniform  thinnefs 
which  is  necelTary  to  make  it  bear  the  appli- 
cation of  heat. 

Very  convenient  evaporating  vefTels  nearly 
flat-bottomed,  are  made  by  Meflrs.  Wedgwoods, 
and  fold  in  nefts  or  aflbrtments,  the  largeft  of 
which  wull  hold  8 or  le  pints.  They  are  fome- 
times plain,  fometimes  with  a lip  in  the  upper 
edge,  that  the  liquor  they  contain  may  pour 
better.  The  fliape  of  a plain  evaporating  veflel 
is  feen  in  PI.  I.  Fig.  9.  They  arc  made  either 
with  or  without  glazing.  Even  when  unglazed 
they  hold  any  liquor  w ithout  foon  imbibing  it, 
as  the  texture  is  a very  denfe,  hard,  bifeuit 
porcelain  ; though  in  great  length  of  time  faline 
folutions  will  make  their  way  through,  and  fhew 
themfelves  in  efflorefcences  on  the  outfide. 

Thefe  evaporating  veflels  will  bear  to  be 
heated  to  boiling,  over  a clear  hot  fire,  fuch  as 
that  of  charcoal  or  cinders,  but  they  are  liable 
to  crack  when  expofed  to  jets  of  flame,  or  un- 
lefs  heated  with  feme  caution  at  fir  ft.  No 
liquor  fh#uld  be  boiled  to  drynefs  in  thefe  veflels, 
as  they  generally  crack  whilft  the  laft  portion 
of  fluid  is  expelled  unlefs  the  heat  is  much 
lowered. 

FILTER.  Filtration. 

Filtration  is  conftamly  required  in  chemical 
procefles,  in  order  to  feparate  fluids  from  fub- 
ftances  fufpended  in  them.  In  moft  inftances 
it  is  performed  by  throwing  the  whole  upon  a 
conical  bag  made  of  any  porous  materials,  fuch 
as  flannel,  linen,  or  paper,  which  detains  the  folid 
part,  and  allows  the  fluid  to  pafs  through  clear. 
Where  the  quantity  of  materials  is  large,  and  the 
folid  is  of  a nature  to  be  not  eafily  fufpended 
in  w’ater,  a flannel  or  linen  bag  is  preferable,  as 
it  is  much  more  expeditious  than  paper.  Thus 
for  example,  where  in  the  firft  ftep  of  making 
phofphorus,  bone-afli  is  decompofed  by  fulphu- 
ric  acid,  and  the  whole  diluted  with  much  water, 
the  liquor  is  obtained  very  clear  by  throwing 
the  wffi.ole  on  a conical  linen  bag  ; and  though 
the  firft  few  ounces  may  be  turbid,  the  runnings 
foon  become  perfecliy  limpid.  Where  the 
objefi  is,  as  in  this  cafe,  to  preferve  the  liquor 
that  runs  through,  linen  is  preferable  to  flannel, 
as  the  latter  foaks  up  a larger  quantity  of  liquor, 
which  muft  be  got  out  by  fubfequent  wafliing 
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and  wringing.  But  where  the  folld  refidue  is 
the  only  valuable  part  (as  in  filtering  the  citrat 
of  lime  formed  by  chalk  and  lemon  juice)  flannel 
anfwers  as  well  and  is  more  fpeedy.  In  fmall 
quantities,  and  where  accuracy  is  required,  the 
material  of  the  filter  is  generally  a fquare  thin 
unfized  paper,  firfl;  doubled  from  corner  to 
corner  into  a triangle,  and  the  latter  again 
doubled  into  half  the  fize,  making  another  tri- 
angle. I'his  when  opened  forms  a paper  cone, 
into  which  the  liquor  is  poured,  and  which  mull 
be  fupported  by  being  put  into  a glafs  funnel. 
There  is  always  fome  little  lofs  of  materials  in- 
curred by  filtration,  particularly  of  the  fluid 
whi,ch  paflTes  through,  for  the  paper  muft  of 
courfe  abforb  a quantity  of  it,  and  though  after 
the  firft  filtration,  the  filter  is  repeatedly  filled 
with  warm  water,  it  is  impoffible  to  wafli  out 
every  particle  of  the  faline  folution  with  which 
it  was  at  firfl;  impregnated.  This  is  one  reafon 
•why  in  all  analyfes  of  minerals  in  the  moifl;  way, 
the  fum  of  produ£fs  obtained  by  the  mofl;  accu- 
rate experiments  always  falls  fhort  a little  of  the 
original  weight  of  the  mineral  employed ; 
fo  that  if  they  fhould  prove  exa£Ily  equal, 
there  is  reafon  to  fufpefit  fome  little  error  in  the 
computation,  or  a want  of  deficcation  in  the 
produtls  equal  to  that  of  the  fubrtance  ufed. 

To  collect  at  the  bottom  of  the  filter  every 
particle  of  the  refidue,  it  is  very  ufeful  to  have 
a fmall  glafs  tube  open  at  both  ends,  and  drawn 
out  into  a very  fine  capillary  point  at  one  of  them. 
When  this  is  filled  with  diftilled  water  and  the 
larger  end  put  into  the  mouth,  the  force  of  the 
breath  can  direct  a fmall  ftrong  ftream  of  water 
round  the  fides  of  the  paper  funnel,  which  will 
walh  down  to  the  bottom  every  minute  particle 
of  folid  fubftance.  When  the  filtration  is 
finifhed  and  the  refidue  properly  edulcorated, 
it  muft  be  dried  in  part  before  it  can  be  taken 
clean  off  the  paper.  Sometimes  the  quantity 
of  refidue  is  fo  minute,  and  flicks  fo  much  to 
the  paper,  that  it  cannot  be  feraped  off  when 
dry,  at  leaft  not  with  fufficient  accuracy ; as,  for 
example,  where  the  quantity  of  fulphuretted 
hydrogen  of  a mineral  water  is  to  be  eftimated 
bv  precipitating  and  weighing  the  fulphur.  In 
fiieh  cafe  the  moft  accurate  way  is,  to  filter  as 
ufual,  but  inftead  of  attempting  to  remove  the 
refidue,  to  weigh  it  againft  another  piece  of 
filtering  paper  previoufly  cut  exadtly  of  the  fame 
fize  as  the  filter,  wetted,  and  dried  at  the  fame 
temperature,  and  the  difference  in  the  weights 
will  indicate  the  quantity  required. 

The  fubftances  that  cannot  be  filtered  in 
the  common  way,  are  thofe  which  a^l  too 
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powerfully  upon  the  paper  and  other  materials 
employed.  The  concentrated  acids  and  alkaline 
folutions  are  of  this  kind.  Where  it  is  required 
to  filter  them,  which  is  not  often  the  cafe,  they 
may  be  poured  through  a ftratum  of  coarfely 
powdered  glafs,  or  well  wafhed  white  find,  in 
a glafs  funnel.  See  Funnel. 

A convenient  ftand  for  filtration  with  a drawer 
at  bottom  to  hold  filtering  paper,  &c.  is  fhewn 
in  PI.  VI.  Fig.  65. 

FLASK. 

This  hardly  differs  from  the  Matrafs. 

The  flafks  of  green  glafs  ingenioufly  covered 
with  rufhes,  in  which  the  fineft  oil  is  imported 
from  Italy,  form  very  ufeful  chemical  veflels 
and  at  a low  price.  They  are  extremely  thin, 
and  will  bear  heat  very  well,  and  being  made  of  a 
hard  glafs  without  litharge,  they  will  bear  a low 
red  heat  without  materially  foftening  or  lofing 
their  fhape.  On  this  account  too  they  are  the 
beft  veflels  for  performing  fublimation  in,  with 
fmall  quantities  of  materials,  and  if  neceflary 
they  may  be  coated  for  this  purpofe  by  diffufing 
clay  in  water  to  the  confiftence  of  thick  cream, 
and  dipping  the  fiafk  in  up  to  the  neck,  repeating 
the  operation  fucceflTively  as  foon  as  each  coating 
dries. 

The  flafles  muft  firft  be  cleaned  by  a little 
fand,  and  any  refufe  folution  of  alkali,  fome- 
what  cauftic,  boiled  in  it,  and  fhaken  about 
till  all  the  oil  within  is  dilToIved.  Very  ufe- 
ful cup-fliaped  velTels  for  evaporation  and 
other  purpofes,  may  be  made  by  cutting  off"  one 
of  thefe  flafles  round  the  bottom  of  the  neck  or 
the  middle.  This  is  done  with  eafe  in  the  fol- 
lowing way : if  the  flalk  is  found,  heat  a piece 
of  the  thickeft  iron  wire  fully  red-hot,  and  lay  it 
on  the  part  you  wifh  to  divide,  moving  it  back- 
wards and  forwards  flowly  in  the  intended  direc- 
tion of  the  crack.  This  will  generally  fucceed 
in  beginning  the  crack,  after  which  it  may  be 
led  along  with  extreme  eafe,  fimply  by  bearing 
gently  with  the  hot  iron  in  the  courfe  which 
the  crack  is  to  purfue,  till  the  divifion  is  corn- 
pleat.  But  among  a number  of  flalks  there  are 
generally  fome  that  have  a little  crack  or  flaw 
in  them,  and  this  may  be  led  over  any  part  of 
the  vefl'el  by  the  fame  means,  and  will  cut  it  to 
the  required  fliape.  It  fhould  be  remembered 
however,  that  though  it  requires  a very  hot 
iron  to  fplit  a found  flafk,  yet  when  the  leaft 
crack  is  made,  it  may  be  led  along  by  a much 
lefs  heat,  and  the  cooler  the  iron  is,  the  lefs 
likely  the  crack  is  to  deviate  from  the  intended 
dire£lion.  If  the  flafk  is  fplit  in  the  contrary  di- 
reilion,  that  is,  perpendicularly  through  both  the 
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neck  and  body,  it  forms  two  fimilar  glaffes  ex- 
tremely convenient  for  many  fmall  operations, 
and  in  which  the  fpiit  part  of  the  neck  ferves 
both  as  a fpout  and  handle.  The  greateft  incon- 
venience attending  thefe  velTels  made  out  of 
flafk,.  is  their  exceffive  thinnefs  at  the  middle, 
fo  that  they  are  liable  to  fpiit  by  the  leaft 
blow,  and  when  full  of  liquor  they  can  hardly 
be  taken  up  without  danger  of  being  broken  by 
the  preflure  of  the  hand. 

FORUE.  See  Furnace. 

FUEL.  See  Furnace. 

FUNNEL.  The  common  funnel  needs  no 
defeription.  It  may  be  made  either  of  glafs  or 
pewter,  or  tinned  iron,  or  earthen-ware. 

The  ribbed fwmel.  Pi.  I.  Fig.  7.  is  better  for 
fupporting  large  paper  filters  than  the  plain 
ones  •,  for  in  the  latter  cafe,  the  wet  paper  ad- 
heres fo  clofely  to  the  fmooth  glafs  as  moll 
materially  to  prevent  the  pafiage  of  the  liquor 
through ; whereas  the  ribbed  funnels  afford  as 
many  channels  through  the  whole  length  of  the 
paper,  by  which  the  fluid  is  drawn  down  to  the 
bottom,  A plain  funnel  may  be  made  equal 
or  fuperior  to  the  ribbed,  by  arranging  in  a per- 
pendicular direction  at  equal  dillances,  a num- 
ber of  ftraws,  or  pieces  of  thin  glafs  rod, 
to  form  an  uneven  furface,  over  which  the  paper 
filter  is  to  be  laid,  and  thus  to  prevent  its  ad- 
hering to  the  fide. 

It  is  ufeful  to  have  in  a laboratory  a fmall 
glafs  funnel  with  a very  long  narrow  neck, 
able  to  pafs  down  the  whole  neck  of  a retort, 
by  which  liquors  may  be  poured  in,  without  any 
part  of  them  wetting  the  neck  of  the  retort. 

FUNNEL  SEPARATORY.  The  fepara- 
tory  funnel,  PI.  II.  Fig.  40.  is  intended  for  the 
feparation  of  liquids  of  different  fpecific  gravity 
(as  oil  and  water)  by  allowing  the  heavieil  only 
to  drop  out  of  the  bottom  of  the  veffel.  The 
funnel  is  firft  flopped  at  the  bottom  and  then 
filled  with  the  mixed  liquors.  When  they  have 
flood  at  reft  till  tlie  heavieft  has  entirely  fub- 
fided  into  the  narrow  part  belov/,  the  cork  at 
bottom  is  taken  out,  and  when  the  ftopper  above 
is  a little  loofened  the  heavier  liquor  flows  out. 
This  vefiel  is  ufed  particularly  in  feparating 
effential  oils  from  the  water  which  is  neceffarily 
entangled  with  them  when  colledled  from  the 
water  diftilled  from  the  plants  that  yield  them. 
Some  of  thefe  are  lighter  than  water,  others  hea- 
vier, and  they  are  both  feparated  with  equal  eafe. 
FURNACE. 

As  heat  is  one  of  the  great  agents  in  chemi- 
cal proceffes,  the  conftrudftion  of  the  apparatus 
through  and  in  which  heat  is  applied  muft  be 


of  the  firft  confeqiience,  and  accordingly  a vaft 
quantity  of  pains  and  ingenuity  has  been  be- 
llowed on  the  fubjedl  of  furnaces.  To  defcribe 
every  one  that  has  been  invented  for  general  or 
particular  purpofes  would  far  exceed  our  limits, 
we  fhall  therefore  only  mention  fome  of  thofe 
which  are  the  moft  commonly  employed  in  the 
laboratory.  The  furnaces  required  for  working 
ores  and  metals  In  the  large  way,  for  making 
lime,  bricks,  pottery,  glafs,  &c.  are  foreign 
from  our  prefent  fubje£l,  and  rqoft  of  them, 
have  been  noticed  under  thefe  refpeftive 
articles  as  fully  as  is  confident  with  our  general 
plan. 

The  furnace  which  Is  the  moft  familiar  to  us 
Is  the  Common  Grate.  This  is  an  iron  furnace 
of  various  fliape  cut  down  in  front  and  the  fuel 
kept  in  only  by  bars,  in  order  to  throw  the  heat 
out  into  the  room.  'Fhe  utmoft  heat  of  a com- 
mon parlour  dove  fupplied  with  coals  is  barely 
fufficient  to  melt  thin  plate  filver,  for  a piece  of 
filver  money  will  not  readily  melt  in  it  unlefs  it 
burns  very  ftrongly.  But  a very  large  number 
of  the  operations  in  chemiftry  are  performed 
in  a temperature  not  exceeding  full  rednefs,  and 
for  many  of  thefe  the  common  grate  is  amply 
fufficient.  The  flat  iron  fides  or  cheeks  will 
alfo  furniffi  an  inferior  heat,  on  which  evapo- 
rating and  digefting  veflels  may  be  fet.  The 
common  grate  however  has  two  difadvantages, 
one,  that  the  opennefs  of  the  front  caufes  the 
efcape  of  a great  part  of  the  heat,  and  incom- 
modes the  chemift  in  approaching  it,  and  the 
other  that  coal  is  a very  unfteady  variable  fuel 
giving  much  blaze  and  fmoke,  and  requiring 
frequent  ftirring. 

Before  we  defcribe  the  proper  chemical  fur- 
naces, we  may  fliortly  date  what  muft  be  their 
object  and  conftru6lion. 

The  fimpleft  air-furnace  that  we  can  con- 
ceive is  a cylindrical  or  conical  earthen  pot, 
open  at  top  and  with  a grate  fixed  within 
a few  inches  fronr  the  bottom,  and  a pretty 
large  ^opening  juft  beneath  it,  in  order  to 
allow  of  the  draught  of  air  through  the  fuel 
and  for  the  allies  to  be  cleared  out.  This 
draught-hols  beneath  the  grate,  of  whatever 
form  it  be,  is  always  called  the  aJJj-hole  or  aJJo- 
pit.  If  furniffied  with  a ftopper,  the  draught 
of  air  and  confequent  intenfity  of  the  fire  may 
be  regulated.  The  fuel  is  thrown  in  and  the 
crucibles  to  be  heated  are  introduced  down  the 
large  opening  at  top.  A cylindrical  earthen 
pot  thus  conftrudled  has  already  feveral  advan- 
tages over  the  common  grate  of  the  fame  capa- 
city j for  the  fides  being  entirely  clofed,  the 
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Tvhole  of  the  air  paiTes  in  beneath  the  grate  and 
goes  out  above  the  fuel,  whence  the  draught  is 
proportionally  ftronger  and  the  heat  more  in- 
tenfe,  and  it  alfo  may  be  approached  without 
trouble.  If  a furnace  of  this  kind  is  fupplied 
with  charcoal  (which  gives  a much  flrongcr 
heat  than  coal  with  a moderate  draught  of  air) 
and  the  height  above  the  grate  is  about  double  the 
diameter,  a heat  fully  equal  to  the  fufion  of  a 
fmall  bulk  of  copper  will  be  produced. 

Still  this  is  far  fhort  of  the  temperature  re- 
quired for  many  operations,  and  therefore, 
(where  the  natural  draught  of  air  is  reforted  to) 
it  is  neceflary  to  increafe  this  by  inclofing  the 
top  of  the  cylinder  with  a dome  of  the  fame 
materials,  which  may  be  further  elongated  by  a 
chimney  of  any  height,  The  draught  of  air  is 
now  prodigioully  increafed,  and  if  the  Tides  of 
the  furnace  are  pretty  thick,  and  the  chimney 
broad  enough  and  high  enough,  an  intenfity  of 
heat  is  produced,  able  to  melt  iron,  reduce 
manganefe,  &c.  in  fhort,  to  perform  nearly  all 
that  artificial  fire  can  do.  It  is  by  no  means 
neceflary  that  the  chimney  fhould  be  perpendi- 
cular in  every  part,  and  it  is  often  much  more 
convenient  that  it  Ihould  quit  the  furnace  in  an 
horizontal  or  oblique  direiflion,  as  it  allows  a 
much  readier  accefs  to  the  furnace  and  its  con- 
tents. 

The  proportion  which  the  diameter  of  the 
chimney  fhould  bear  to  that  of  the  furnace,  to 
give  the  greateft  intenfity  of  heat,  has  been  va- 
rioufly  flated,  and  it  Hill  feems  not  to  be  well  de- 
termined. From  fome  experiments  of  Darcet  and 
Lavoifier  it  would  appear  that  the  greateft  pof- 
fible  heat  obtainable  by  air  furnaces,  is  procured 
by  making  both  furnace  and  chimney  one  very 
lonu  upright  channel  or  flue,  perfeddly  open  at 
bottom  and  at  top,  the  furnace  itfelf  (or  the 
part  of  the  channel  juft  above  the  grate)  being 
bulged  out  in  a moderate  degree  to  give  greater 
room  for  the  fuel  and  the  fire  veflels.  In  gene- 
ral however  the  flue  of  the  chimney  is  made  a 
little  narrower  than  the  afh-pit.  A clofe  fur- 
nace of  this  kind  intended  fimply  for  heating 
any  veflel  in  the  midft  of  the  fue.,  requires 
eflentially  no  more  than  three  openings,  namely, 
the  afli-hole,  the  chimney,  and  a fide-door, 
through  which  to  throw  down  fuel,  and  to  intro- 
duce and  take  out  the  fubftance  to  be  heated. 

Wliere  diftillation  by  naked  fire  is  wanted,  a 
fmall  addition  is  required,  and  a hole  mull  be 
Cut  level  with  the  middle  of  the  retort,  through 
which  its  beak  may  emerge,  and  conne£l  with 
the  receiver  or  other  veflel  intended  to  eolle6l 


the  produi^.  The  retort  in  this  cafe  Is 
earthen. 

Another  object  in  furnaces  is  to  apply  a 
moderate  degree  of  heat  to  larger  veflels,  which 
therefore  can  only  be  partially  in  contact  with  the 
fire.  Moft  of  the  furnaces  ufed  in  manufadtures 
and  for  many  common  purpofes  are  of  this  kind, 
fuch  as  the  common  houfehold  coppers  for  heat- 
ing water,  brewing  coppers,  falt-pans,  &c.  See. 
Sand  pots  are  alfo  of  this  kind,  and  in  all  thefe, 
the  fubftance  to  be  heated  is  placed  over  the  fire, 
fometimes  dipping  Into  it.  This  alfo  eflentially 
requires  only  three  openings,  viz.  the  alh-pit, 
chimney,  and  door  for  fuel,  the  furface  of  the 
fubftance  heated  being  external  to  the  fire. 

Another  purpofe  in  furnaces  is  to  inclofe  and 
heat  on  all  fides  an  earthen  oven  or  muffle,  the 
mouth  of  which  at  the  fame  time  comes  in  con- 
tadl  with  one  of  the  inner  fides  of  the  furnace, 
and  is  freely  accelfible  from  without  by  a cor- 
refponding  hole  cut  through  the  fubftance  of  the 
furnace.  This  therefore  requires  another  open- 
ing befides  the  three  former  already  mentioned. 

It  is  fometimes  required  In  experiments  of 
refearch  to  place  an  earthen  or  iron  tube  in 
fuch  a manner  that  the  middle  of  it  fliall  be 
ftrongly  heated  whilft  each  end  is  cool,  and 
projedling  beyond  the  furnace,  fo  that  no  part 
of  the  contents  of  the  tube  can  come  in  contadl 
with  the  fuel.  This  is  done  in  a clofe  furnace, 
by  having  two  holes  through  the  fides  dire£lly 
oppofite  each  other,  through  which  the  tube 
may  be  thruft. 

One  more  mode  of  diftrlbuting  the  heat  of  a 
furnace  may  be  mentioned,  which  is,  where  the 
fubftance  to  be  heated  is  neither  inclofed  in  any 
veflel,  nor  in  a£lual  conta£l  with  the  fuel,  but 
is  fpread  on  a kind  of  floor  Immediately  beyond 
the  fire  in  a fpace  between  the  fire-place  and  the 
chimney,  and  receives  the  heat  from  the  flame 
which  draws  over  it.  This  forms  the  reverbe- 
ratory furnace,  and  requires  a very  peculiar 
conftru£lion,  as  will  be  afterwards  explained. 

The  above  are  the  principal  objeiTs  to  be 
fulfilled  in  the  conftruction  of  chemical  furnaces 
for  general  purpofes,  but  another  great  dlftinc- 
tion  is  in  the  mode  of  fupplying  air,  which  may 
be  either  by  the  natural  draught  of  air,  or  by 
bellows  or  other  artificial  means.  In  the  former 
cafe  the  rapidity  of  the  current  of  air  and  confe- 
quent  intenfity  of  the  fire,  depends  on  having  a 
fufficient  fpace  in  the  afli-pit  and  chimney,  and 
efpecially  a very  great  length  of  flue,  and  all 
the  fide-openings  which  would  break  the  cur- 
rent, carefully  clofed.  But  with  an  artificial 
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blaft  the  ftrength  of  fire  depends  folely  on  the 
degree  of  mechanical  power  employed  in  im- 
pelling the  blaft,  and  the  chimney  is  altogether 
fuperfluous  except  to  carry  off  the  fmoke. 
Thefe  kind  of  furnaces  therefore  are  much 
Ampler  than  the  draught  furnaces,  as  no  more 
is  required  than  a fimple  hearth  or  a (hallow 
pot,  with  a fmall  hole  at  the  bottom  to  conducft 
the  air  from  the  bellows.  Large  quantities  of 
materials,  as  in  the  fmelting  of  iron,  can  hardly 
be  heated  to  the  utmoft  intenfity  without  the 
artificial  blaft,  and  the  affiftance  of  a fteam 
engine  or  fome  other  very  ftrong  mechanical 
force  is  neceflary  to  keep  up  the  conftant  fupply 
of  air.  At  leaft,  much  time  and  fuel  are  faved 
by  the  blaft,  for  if  the  heat  of  the  moft  powerful 
draught-furnaces,  fuch  as  the  porcelain  kilns, 
may  be  brought  to  equal  that  of  the  iron-fmelt- 
ing  furnace,  it  requires,  however,  a very  large 
body  of  fuel  and  a great  many  hours  to  bring  it 
to  the  utmoft  intenfity.  But  in  the  fmall  way, 
for  experimental  purpofes,  the  higheft  tempe- 
rature of  a draught-furnace,  when  well  built 
and  properly  attended  to,  appears  to  be  no  way 
inferior  to  the  beft  blaft,  to  judge  by  the  com- 
parative effefts ; and  the  greater  confumption 
of  fuel  and  time  is  often  fully  counterbalanced 
by  the  faving  of  manual  labour. 

Some  chemifts  have  fuppofed  that  the  heat 
ef  a furnace  might  be  refleiied  from  the  fides, 
and  concentrated  into  one  focus,  by  giving  it  a 
circular  or  elliptical  form.  This  however  is 
found  by  experience  to  be  perfectly  nugatory, 
for  no  fenfible  difference  is  obferved  between  a 
cylindrical,  globular,  or  elliptical  fire-place,  pro- 
vided the  dimenfions  of  the  chimney  and  afh-pit 
are  the  fame.  There  is  however  a method  of 
concentrating  the  heat  of  a blaft-furnace,  by 
dividing  the  blaft  into  a number  of  fmaller  jets 
of  air,  and  mechanically  driving  them  towards  a 
common  center,  as  will  be  explained  hereafter. 

The  materials  of  which  furnaces  are  con- 
ftrufled  is  always  a refratftory  clay,  either  in 
form  of  bricks,  or,  where  the  pieces  of  the  fur- 
nace are  fmall,  of  entire  pottery.  The  larger 
kinds  of  black-lead  crucibles  make  extremely 
ufeful  portable  furnaces  for  a variety  of  pur- 
pofes, being  very  infufible,  bearing  pretty  fudden 
heating  without  fplitting,  and  having  the  addi- 
tional advantage  of  being  fo  foft  as  to  be 
readily  drilled  by  a gimblet,  and  cut  by  a faw 
or  hacked  knife,  whereby  openings  may  be 
made  and  ftoppers  fitted  without  difficulty. 
Large  moveable  furnaces  are  often  made  of  this 
kind  of  pottery,  but  much  thicker  than  the 
common  crucibles,  and  ftrengthened  on  the 


outfide  by  iron  hoops.  A very  ufeful  white 
coarfe  pottery  is  employed  in  France  for  port- 
able furnaces,  which  bears  the  fire  extremely 
well,  but  when  baked  is  too  hard  to  be  cut  like 
the  black  lead  ware.  Moveable  furnaces  are 
often  made  of  a wrought-iron  cafe  lined  on  the 
infide  with  fmall  fire-bricks,  and  the  part  im- 
mediately in  conta£l  with  the  fuel  is  further 
covered  with  a thick  coating  of  Windfor  loam, 
laid  on  when  moift  and  plaftic,  and  beat  fre- 
quently with  a wooden  inftrument  when  drying, 
to  give  it  more  compadfnefs,  and  to  fill  up  the 
fmall  cracks  which  the  fhrinkage  occafions. 
The  fixed  furnaces  are  always  built  of fire-bricks 
(a  very  hard  infufible  brick,  made  for  this  exprefs 
purpofe)  cemented  with  a very  refradlory  mor- 
tar j and  the  larger  openings  are  either  kon 
doors  fet  upon  hinges,  or  fometimes  a thick 
piece  of  free-ftone,  or  very  large  brick  properly 
fafhioned.  There  is  a very  foft  red  fandy 
brick  fold  in  London,  under  the  name  of  IVifid- 
for  bricky  which  may  be  cut  or  feraped  with 
great  eafe,  and  is  extremely  ufeful  for  ftoppers, 
crucible  ftands,  and  many  other  fmaller  purpofes, 
though  it  is  too  foft  to  bear  any  confiderable 
preffure. 

A proper  fele£fion  of  the  fuel  is  of  firft  im- 
portance. Wood  and  charcoal  were  formerly 
the  only  materials  employed  for  this  purpofe  in 
this  country,  and  are  ftill  fo  in  moft  other  parts 
of  the  world ; the  firft,  where  a large  volume 
of  flame  is  required,  and  the  latter,  for  a ftrong 
heat  without  flame.  Thus  glafs-houfe  and  re- 
verberatory furnaces  were  fupplied  entirely  by 
dry  faggots,  and  iron  forges  by  charcoal. 

Wood  faggots  give  a ftrong  clear  flame  un- 
mixed with  fulphur,  and  with  but  little  fmoke, 
and  burn  to  a clean  affi,  which  alfo  is  valuable 
for  the  alkali  it  contains.  From  its  freedom 
from  fulphur  it  muft  be  in  many  inftances 
better  than  coal,  and  it  feems  to  have  no  other 
difadvantage  than  the  rapidity  with  which  it 
Burns  out  in  a ftrong  draught,  being  fo  much 
more  bulky  than  coal  that  only  a comparatively 
fmall  quantity  at  a time  can  be  thrown  into  a 
furnace.  Hence  in  the  large  foreign  glafs- 
houfes  that  are  fed  by  faggots,  it  is  the  work  of 
one  man  to  be  inceffantly  adding  fuel.  But  the 
fcarcity  of  wood  now  forbids  its  ufe  in  moft 
parts  of  this  country,  and  the  abundance  of  coal 
on  the  whole  very  well  fupplies  its  lofs. 

Charcoal  is  a moft  valuable  fuel  for  furnaces. 
It  kindles  readily,  burns  with  a very  ftrong  clear 
heat,  and  requires  a much  lefs  draught  of  air 
for  combuftion  than  coak  or  charred  coal ; it 
contains  no  fulphur  nor  any  earthy  or  metallic 
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matter,  and  hence  it  never  runs  into  a hard 
vitreous  flag  as  coalc  does,  but  burns  away  into 
a clean  light  alh  which  falls  through  the  bars  of 
the  grate,  without  choaking  and  hindering  the 
draught  of  air,  or  melting  down  the  clay  walls 
of  the  furnace.  The  flues  or  chimnies  alfo 
never  colle£l;  any  foot  or  foulnefs,  and  therefore 
never  require  cleaning.  A much  greater  range 
of  heat  may  be  kept  up  by  charcoal  than  by  any 
other  fuel,  for  its  utmoft  intenfity  of  heat  fully 
equals  that  of  coal  or  coak,  and  befides  it  affords 
the  great  advantage  of  burning  away  very  flowly, 
with  a gentle  and  pretty  fteady  temperature, 
when  the  fupply  of  air  is  juft  fulficient  to  keep 
the  fire  alive.  Charcoal  (befides  being  expen- 
five)  has  however  the  inconvenience  of  being 
too  light  to  bear  a very  ftrong  blaft  of  air  in  com- 
mon blaft-furnaces,  except  it  is  in  larger  pieces 
than  is  often  convenient,  and  it  alfo  burns 
out  very  rapidly  in  a ftrong  draught,  fo  as  to 
require  a conftant  fupply.  'I  here  appears  to 
be  very  little  reafon  for  preferring  the  charcoal 
of  one  wood  over  another,  provided  both  are 
equally  well  burnt.  It  may  be  added  that  the 
wood  intended  for  charcoal  is  always  previoufly 
barked ; when  this  is  negledled  the  charred 
bark  as  foon  as  it  is  kindled  burns  with  a Ihort 
but  prodigious  eruption  of  fparks,  often  incon- 
venient to  the  operator. 

Coal  is  the  fuel  almoft  invariably  ufed  in  this 
countiw  for  common  culinary  purpofes,  for  all 
manufafiluring  fires  where  a moderate  heat  is 
wanted,  and  the  fubftance  is  not  injured  by 
the  fmoke,  or  can  be  put  out  of  the  reach  of  it 
(as  in  brewers  and  diftillers  coppers)  and  in  the 
laboratory  for  heating  fand-baths,  for  fmith’s 
forges,  and  alfo  for  the  reverberatory  furnace.  It 
gives  a large,  ftrong,  and  very  lafting  flame,  but 
for  any  intenfity  of  fire  it  requires  a pretty  large 
and  high  chimney,  and  a wide  afh-hole. 

Coak  gives  a very  ftrong  heat  without  flanre, 
and  this  is  the  general  material  for  ftrong  wind 
and  blaft  furnaces,  vidiere  an  intenfe  and  durable 
heat  is  required.  Coak,  in  the  way  it  is  com- 
monly prepared,  always  gives  out  at  firft  a blue 
fulphureous  flame,  which  ceafes  when  fully 
red-hot.  On  account  of  the  great  denfity  of 
this  fubftance  it  bears  the  blaft  extremely  well, 
but  being  a much  lefs  pure  combuftible  than 
charcoal,  and  containing  a mixture  of  earths 
and  oxyd  of  iron,  it  is  very  apt  when  nearly 
burnt  out  to  cake  together  in  an  intenfe  heat, 
and  to  run  into  a tough  cohefive  flag,  quite 
glafly  and  fonorous  when  cold,  and  which  melts 
on  the  furface  of  the  crucibles,  and  can  hardly 
be  detached  from  them.  Coak  alone  is  not 


eafily  kindled,  and  requires  a much  more  power- 
ful draught  of  air  than  any  other  fuel,  fo  that 
it  cannot  be  burned  in  an  open  grate  except  it  Is 
ill  very  large  quantity.  Its  combuftion  js  mate- 
rially aflifted,  and  its  vitrification  when  nearly 
burnt  out  is  much  prevented,  by  mingling  it  with 
about  its  own  bulk  of  charcoal,  and  thefe  two 
together  form  the  very  beft  material  for  the 
furnaces  that  require  an  intenfe  heat. 

Coal  cinders^  picked  from  a common  fire,  by 
removing  the  ccai  juft  when  it  ceafes  to  blaze, 
and  before  it  begins  to  burn  to  afhes,  is  often 
preferable  to  coak  for  laboratory  experiments, 
as  it  Is  of  a much  lighter  and  loofer  texture,  and 
much  lefs  fu'phureous,  and  burns  more  readily, 
giving  out  a very  intenfe  heat.  The  beft  New- 
caftle  coal,  of  the  kind  that  foftens  in  the'  fire 
and  is  highly  bituminous,  gives  the  beft  cinder 
for  this  purpofe,  which,  when  cold,  is  glofly, 
light  and  fonorous. 

A mixture  of  refufe  coal  and  charcoal  made 
up  into  irregular  cakes  and  charred  together 
has  been  introduced  of  late  years  for  malt- 
houfes  and  fimilar  purpofes  where  a ftrong 
clear  heat  is  required,  and  this,  when  broken 
into  fniall  pieces,  anfwers  extremely  well  for 
the  laboratory. 

Culm  or  Welfti  Coal  (which  has  been  de- 
feribed  under  the  article  Coal)  differs  from  all 
the  common  kinds  of  coal  in  burning  without 
any  flame  or  fmoke,  or  leaving  much  refidue. 
In  this  refpefil  it  more  refembles  charcoal,  and 
it  has  been  found  to  anfwer  very  well  as  a fuel 
for  final  1 blaft-fires ; and  being  much  heavier 
than  charcoal,  it  is  not  fo  readily  difperfed  by 
the  force  of  the  ftream  of  air.  * 

Kilkenny  Coal  is  nearly  of  the  fame  nature 
as  culm,  but  not  fo  pure. 

Turf  fliould  not  be  unnoticed,  though  It  is 
feldom  ufed.  It  is  a ufeful  material  for  light- 
ing fires,  and  It  burns  for  a long  time  with  a 
low  fmothering  heat,  and  much  pungent  fmoke 
when  the  draught  of  air  Is  very  fmall.  It 
might  be  employed  for  long  digeftions  with  a 
very  gentle  warmth,  even  more  effecSIually  than 
charcoal,  and  at  very  fmall  expence,,  but  thefe 
operations  are  now  chiefly  performed  by  the 
lamp,  which  is  on  the  whole  to  be  preferred. 

* * ■*  * # 

We-fliall  now  defcribe  fome  of  the  furnaces 
aftually  employed  in  the  laboratory. 

PI.  VIII.  Fig.  77  and  78  are-  a view  and- 
feftion  of  Dr.  Black's  Portable  Furnace^  as  it  is 
called,. being,  with  fome  variations  and  improve-' 
ment,  that  which  was  invented  by  that  eminent 
pliilofopher.  It  confifts  of  an  oval  iron  cafe- 
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0.2  inches  high,  2o  in  its  lavgeft  diameter,  and 
1 5 in  the  fliorteft,  lined  'A'ith  fire  bricks  for 
.about  three  fourths  of  its  height  from  the  top, 
■which  forms  the  body  of  the  turnace,  and  the 
firft  elbow  of  the  chimney,  whilft  the  lower 
part,  which  isnot  lined,  forms  a very  fpacious  afli- 
■pit.  Being  very  heavy  it  is  puf  upon  caltors,  by 
which,  with  the'affiftance  of  the  ring  hand  es  on 
the  fide,  it  may  be  moved  along  a floor  without 
dhhculty.  a,  a,  is  the  body  of  the  furnace, 
■which  is  cylindrical,  but  a little  oblique,  that 
the  flame  of  the  fluel  may  heat  the  fand-bath 
fomewhat  more  equally  than  if  it  were  a ftraight 
cylinder.  The  breadth  of  tliis  cylinder  is 
incbes,  and  its  height  i ; the  grate  c,  lies 
acrofs  the  bottom.  This  fire  place  has  the  fol- 
lowing fix  openings  above  the  grate.  1 he 
highefl  is  the  large  opening  at  the  top,  which, 
when  a fand-heat  is  employed,  receives  the 
fand-bath  i,  and  Fig.  82,  and  when  this  is  not 
•wanted,  is  covered  by  a thick  iron  plate  lined 
with  clay.  Fig.  80,  in  the  center  of  which  is  a 
fmall  hole  fitted  with  a ftopper,  Fig  8 1 , through 
which  the  fiate  of  the  fire  may  be  feen  without 
fcorching  the  face.  The  next  opening  is  the 
elbow  of  the  chim.ney,  f,  which  widens  as  foon 
as  it  takes  a perpendicular  direfition,  and  for 
the  firft  few  inches  forms  a part  of  the  iron 
cafe  of  the  whole  furnace,  and  is  lined  with 
clay,  after  which  it  is  elongated  by  a conical 
iron  chimney,  Fig.  79.  Even  this  fmall  length 
of  flue  is  fufficient  to  keep  up  a very  confiderable 
heat  when  the  fire  is  well  fupplied  with  fuel, 
but  to  raife  it  to  the  intenfity  requifite  for 
melting  caft  iron,  it  is  neceflary  to  add  feveral 
feet  of  iron  pipe  of  the  fame  diameter  as  the  top 
of  Fig.  79.  if  it  is  fet  under  an  open  brick  chim- 
ney, or  elfe  (which  is  often  more  convenient) 
to  clofe  the  throat  of  the  brick  chimney  with  an 
iron  plate,  leaving  only  a round  hole  in  the 
middle,  into  which  the  upper  part  of  the  pipe, 
Fig.  79.  clofely  fits.  In  this  cafe  no  further 
-length  of  iron  flue  is  required  to  give  a very 
ftrong  draught  through  the  furnace,  capable  of 
raifing  heat  enough  for  almoft  any  purpofe  of 
the  chemlft.  Oppofite  the  chimney  hole  in  the 
body  of  the  furnace,  and  a little  below  it,  is  the 
opening  e,  e,  which  ferves  to  introduce  fuel 
when  the  upper  opening  is  engaged  by  the  fand- 
bath,  and  the  heat  of  the  latter  may  alfo  be 
leflened  at  pleafure  by  leaving  this  hole  open, 
which  caufes  a draught  of  cold  air  to  rufh  in 
direfilly  round  the  bottom  of  the  fand-bath. 
The  next  openings  are  two  fmall  round  holes, 
placed  diredtly  oppofite  each  other  at  right 
angles  with  the  perpendicular  of  the  chimney, 


and  ferving  to  introduce  an  earthen  or  iron  tube, 
the  ufe  of  which  will  be  explained  under  the 
article  H^droge?!  {Apparatus for).  Below  thefe 
is  the  fi.vth  opening,  d,  d,  cut  of  the  proper 
fliapp  to  receive  a muffle  for  which  it  is  in- 
tended. The  openings  f,  d,  and  g,  are  properly 
fitted  with  very  thick  ftoppers,  which  are  fur- 
ther covered  with  pieces  of  iron  plate  clofely 
Aiding  in  grooves,  in  the  way  reprefented  in 
Fig.  77'.  The  alh-plt  is  merely  the  lower  part 
of  the  iron  cafe  that  inclofes  the  vs  hole  furnace, 
and  is  furnifhed  with  two  doors,  b,  b,  by  which 
the  draught  of  air  may  be  regulated.  The 
rings  b,  h (of  which  there  are  two  correfponding 
ones  on  the  other  fide)  are  intended  to  fupport 
upright  pieces  of  thick  iron  wire,  which,  w ith  a 
crofs  wire  over  the  top  of  the  furnace,  will  ferve 
to  fufpend  any  veflel  or  other  body  over  or  in 
the  furnace,  as  may  be  required. 

A great  variety  of  operations,  and  on  a tole- 
rably large  fcale,  may  be  performed  iri  this  ufe- 
ful  furnace,  which  is  very  durable,  and  being 
heavy  and  fubftantial,  it  is  not  liable  to  be  da- 
maged by  accidental  blows,  or  eafily  difpiaced  ; 
and  it  is  befides  extremely  fafe  in  a room,  pro- 
vided the  chimney  is  clean.  The  iron  cafe 
fhould  be  now  and  then  rubbed  with  black  lead 
to  prevent  its  rufting.  This  arrangemelrt  of 
the  chimney  allows  very  free  accefs  to  the  body 
of  the  furnace,  and  the  thicknefs  of  the  walls 
prevents  the  operator  from  being  at  all  molefted 
by  the  intenfenefs  of  the  heat.  It  is  the  leaft 
convenient  for  naked  diftillation  from  an  earthen 
or  iron  retort,  for  though  fuch  a velTel  might 
be  fet  on  a retort  ftand  with  its  beak  projeefting 
through  tire  opening  r/,  neither  the  fize  nor 
fhape  of  this  opening  are  well  adapted  for  this 
purpofe,  and  to  give  a ftrong  heat,  a ftopper  of 
foft  brick  with  a deep  flanting  groove  mult  firft 
be  fitted  in. 

Fig.  83  and  84,  of  PI.  VIII.  are  a view  and 
fedtion  of  a Muffie  Furnace.,  for  very  intenfe  heat, 
employed  by  Pott,  and  afterwards  by  Darcet, 
in  experiments  on  the  habitudes  of  earths  and 
ftones  in  long  continued  and  violent  heat.  The 
conftrudtion  of  this  furnace  is  Ample  and  obvi- 
ous ; a,  a,  is  the  body  of  the  furnace,  in  form 
of  an  oblong  coffer,  bulging  out  in  the  middle. 
c is  the  grate  Handing  over  the  afli-hole f ; e is 
the  hole  for  the  muffle  ; h,  b,  is  the  dome  or  up- 
per piece  of  the  furnace,  with  a very  large  door 
d,  through  which  the  fuel  is  introduced.  I'he 
draught  is  raifed  by  a long  perpendicular  chim- 
ney, Fig.  85. 

PI.  II.  Fig.  4T.  is  the  lower  part  of  a fmall 
Portable  Chamber  Furnace,  often  ufed  in  the 
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Ie<Cture  room,  and  fitted  for  a great  variety  of 
purpofes.  The  upper  part  (which  is  not  here 
given)  is  a rounded  dome  terminated  by  a per- 
pendicular iron  flue. 

It  is  introduced  here  merely  to  (hew  the  ex- 
periment of  procuring  hydfogen^  by  pafling  fleam 
through  a heated  iron  tube,  as  will  be  further 
defcribed. 

The  furnace  itfelf  is  a neat  iron  cafe  lined 
with  fire-brick,  and  furnifhed  with  openings  for 
a variety  of  purpofes. 

PI.  IX.  Figs.  86,  87,  88,  and  89,  reprefent  a 
view  and  ledtion  of  a Portable  Blajl  Furnace^ 
of  fimple  conitru6lion  and  little  expence,  which 
was  fuggefted  to  the  writer  of  this  article  from 
one  of  Dr.  Lewis’s,  and  defcribed  at  large  in 
the  Philofophical  Magazine,  vol.  xvii.  a and  b 
Fig.  86  and  87.  are  portions  of  two  common 
black  lead  pots  of  the  fame  diameter,  the 
Ipwelt  of  which  is  inverted,  and  Hands  upon  a 
fmooth  Hone,  /,  which  is  fupported  by  an  iron 
trivet  about  a foot  from  the  ground.  The  pot, 
a,  receives  the  blalt  of  the  double  bellows  as 
here  reprefented,  through  the  hole  h.  The  upper 
part  of  this  pot  (or  what  would  be  the  bottom 
when  ufed  as  a crucible)  being  confiderably 
thick,  will  allow  of  a fmall  hollow  to  be  Icooped 
out  of  its  fubHance,  through  which  a wide  hole 
muH  be  drilled  to  the  cavity  below.*  By  this 
means  the  blaH  rifes  in  a perpendicular  diredlion 
and  equally  into  the  pot  inllead  of  fpending 
itfelf  chiefly  on  the  fide  oppofite  to  the  bellows, 
which  would  be  the  cafe  if  the  lower  pot  was 
not  inverted,  b is  the  pot  which  contains  the 
fuel  and  the  crucible  or  other  matter  to  be 
heated.  It  is  prepared  in  the  following  manner  : 
drill  a hole  through  the  bottom  with  a gimlet  as 
exadlly  in  the  center  as  poflible,  and  enlarge  it 
to  about  the  fize  of  a ihilling.  This  hole  is  not 
for  the  paflage  of  air,  but  to  receive  a crucible 
Hand,  c,  and  Fig.  89  in  the  form  of  a Hopper, 
which  keeps  it  Heady.  Fhen  Hrike  a circle  with 
compafles  on  the  fmoothed  bottom  of  the  pot  b, 
round  the  center  hole,  and  bore  through  it  upon 
the  circle  at  equal  diHances,  four  or  fix  large  gim- 
let holes,  in  a flanting  diredlion,  fo  that  if  length- 
ened they  would  all  meet  nearly  in  the  middle 
of  the  pot.  No  extreme  nicety  however  is  ne- 
celTary  in  the  precife  direftion  of  thefe  holes, 
but  the  general  intention  of  the  oblique  dire6lion 
given  them  is  to  concentrate  the  force  of  the 
lire  upon  the  center  where  the  crucible  d is 
placed.  Thefe  two  pots  are  ail  that  is  eiTential 
to  the  furnace,  and  when  lighted  charcoal  or 
cinders  are  put  in  and  the  bellows  worked,  the 


blaH  rifing  from  the'  lower  pot  divides  itfelf 
equally  through  the  four  or  fix  blall-holes  in  the 
bottom  of  the  upper  pot,  and  very  fpeedily  raiies 
a very  intenfe  heat.  No  luting  whatever  is  re- 
quired here,  the  pots  are  fimply  ground  fmooth 
with  water  oi^  any  flat  Hone,  and  when  ufed  are 
merely  placed  in  the  manner  here  given.  As 
they  are  only  the  lower  parts  of  the  large  cru- 
cibles, the  chemill  may  often  find  what  will 
anfwer  his  purpofe  from  the  crucibles  that  are 
flawed  or  otherwile  damaged.  ihe  Hoppers 
are  made  very  eafily  ou^  of  the  foft  Winenor 
brick.  The  bello  s are  fixed  to  a heavy  Hool, ' 
and  their  handle  is  lengthened  to  work  ealier, 
but  of  courfe  any  other  form  of  double-blall 
bcllow's  will  anfwer  as  well.  To  prote£l  the 
eyes  Irom  the  dazzling  heat  which  is  produced 
in  the  pot  b,  it  is  often  advifeable  to  cover  it 
with  the  pot  e.  Fig.  88,  which  has  a wooden 
handle  g,  fixed  into  it,  and  an  opening  for  the 
flame  and  imoke  f,  which  may  be  turned  away 
from  the  operator. 

The  black-lead  pots  are  the  eafieH  cut  by  an 
old  thin  table  knife  deeply  hacked  or  jagged. 

PI.  IX.  Fig.  9c  and  91,  is  a plate  anu  fedlion 
of  the  Reverberatory  Furna''e,  ufed  for  roaHing 
and  fmelting  ores  both  in  the  large  way,  and, 
on  a fmaller  fcale,  for  experimental  purpofes. 
In  this  furnace  the  fubHance  to  be  heated  is  not 
in  a6lual  conta£l  with  the  fuel,  but  is  Hrewed 
on  a feparate  floor  or  hearth,  placed  between 
the  fuel  and  the  chimney,  and  is  heated  by 
the  flame  in  its  paflage  through.  The  floor 
on  which  the  ore  is  fpread  is  called  the  labora- 
tory, r/,  and  is  fometimes  horizontal,  but  gene- 
rally on  an  inclined  plane.  Hoped  from  the  fire- 
place to  allow  the  metal  when  reduced  and 
liquefied  to  colledl  and  fettle  at  the  lower  end. 
The  floor  of  the  laboratory  is  formed  with  fand 
mixed  with  a little  clay,  and  well  beaten  into 
a fmooth  compact  furface,  and  this  is  fome- 
times further  coated  with  a mixture  of  charcoal 
pow'der  and  clay.  The  roof  is  vaulted,  and 
low^,  fo  as  to  allow  but  a narrow  fpace  for  the 
paflage  of  the  flame,  but  the  precife  curve  to  be 
given  it  is  of  little  confequence,  provided  it  is 
as  flat  as  is  confiHent  with  d'ue  Hrength,  in 
order  to  contract  the  fpace  between  it  and  the 
floor.  The  loweH  part  of  the  floor  of  the  labo- 
ratory e,  is  called  the  crucible,  and  is  generally 
left  uncovered  when  the  furnace  is  charged,  as 
it  is  intended  to  receive  the  melted  metal,  which, 
when  a fufiicient  quantity  is  colleited,  is  drawn 
off  from  time  to  time  through  the  channel 
which  is  kept  plugged  up  with  clay  till  the- 


• This  fcooped  caviiy  is  however  by  miftake  reprefented  much  deeper  than  the  real  ihicknefs  of  the  pot  would  allows 
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•moment  of  cafting.  The  grate  of  the  fire-place 
h,  is  fixed  a little  lower  than  the  level  of  the 
adjoining  and  upper  part  of  the  floor  of  the 
laboratory.  The  fuel  is  thrown  in  through  a 
fide-opening  a,  and  is  of  a fort  that  produces 
much  flame,  fuch  as  wood  or  pit-coal,  which 
therefore  mull  traverfe  the  whole  length  of  the 
laboratory  to  reach  the  chimney  h.  The  draught 
of  outer  air  comes  in  through  the  afli-pit,  and 
often  is  brought  immediately  from  without, 
through  the  channel  /.  The  chimney  h,  fome- 
times  rifes  perpendicularly  immediately  above 
the  crucible  e,  but  at  other  times  it  leaves  the 
laboratory  by  a fide-opening,  as  here  reprefented, 
Avhich  plan  is  particularly  adopted  in  long  ranges 
of  reverberatories  for  fmelting  in  the  large  way, 
where  one  lofty  upright  chimney  fervcs  for  two 
furnaces,  receiving  a lateral  flue  on  each  fide. 
The  laboratory  has  befides  two  feparate  openings, 
one  at  c,  which  is  in  the  fame  line  with  the 
door  a,  of  the  fire-place,  and  ferves  to  intro- 
duce the  ore  ; and  the  other  at  which  looks 
along  the  whole  length  of  the  laboratory,  and 
allows  the  introdudfion  of  a kind  of  iron  rake, 
by  which  the  fcoriae  are  drawn  out.  This  open- 
ing has  alfo  a fmaller  fight  hole  in  the  center  of 
•the  flopper,  by  which  the  progrefs  of  the  work 
may  be  examined,  or  an  iron  bar  may  be  thrull 
in  to  ftir  up  the  materials.  The  breadth  of  the 
laboratory  at  its  upper  part  is  the  fame  as  that 
of  the  fire-place,  but  it  gradually  contraffs  to- 
wards the  lower  end,  that  the  heat  may  be 
concentrated  upon  the  crucible  where  it  is  the 
mod  needed. 

Plate  X.  is  a perfpedfive  view  of  a very  con- 
venient and  well  contrived  fet  of  fixed  furnaces 
lately  built  by  Mr.  Pepys,  at  his  laboratory  in 
London,  whofe  liberality  has  allowed  us  to 
procure  a very  accurate  drawing  of  the  whole, 
reduced  to  the  fcale  thereto  added.  Plate  XI. 
contains  two  reprefentations  of  the  fame  •,  the 
Ihaded  plan  being  a fedlion  on  the  level  of  the 
grates,  and  the  outline  plan,  a perpendicular 
view  of  the  furnaces.  The  letters  of  reference 
are  the  fame  for  all.  Plate  XII.  alfo  contains 
certain  detached  parts  which  could  not  be  re- 
prefented in  the  general  view. 

This  fet  of  furnaces  confifts  of  the  following, 
viz.  a ftill  with  its  worm  tub — a forge  hearth — 
a muffle  furnace — -a  ftrong  draught  furnace  for 
melting — a furnace  for  naked  diftillation — a 
fquare  fand  bath  for  digeftions — and  a round 
fand  bath  for  diftillation. 

There  is  befides  a fmall  fpace  left  on  the 
fame  level  as  the  top  of  thefe  furnaces  on 
which  a portable  ftove  or  black  lead  furnace 


may  be  fet.  The  chimnies  correfponding  with 
thefe  fuimaces  are  five  in  number,  placed  fide 
by  fide,  and  proceeding  to  the  top  of  the  build- 
ing about  20  feet.  The  face  of  this  ftack  of 
chimnies  prcjedts  about  a foot  and  a half  into 
the  room,  and  from  it  a fcreen  projedls,  level 
with  the  cieling  of  the  room,  which  hangs  down 
in  a Hoping  direftion  to  about  fix  feet  from  the 
floor.  Its  life  is  to  colledt  and  convey  away  all 
the  fmoke  and  fumes  which  would  otherwife 
efcape  into  the  room.  Each  of  thefe  parts  re- 
quires a'^fuller  defcription. 

A is  the  IVorrn  Tub  belonging  to  a ten-gallon 
Still  B,  which  is  of  the  ufual  form,  and  con- 
tains alfo  a water-bath.  The  chimney,  C,  of 
the  fire  beneath  the  ftill  is  arched,  and  pafles 
acrofs  the  vacant  fpace  Q.  into  the  firft  of  the 
upright  chimnies  into  which  it  opens. 

E is  the  Forge  Hearth.  The  blaft  pipe  a of 
the  bellows  (which  are  moveable  at  pleafure) 
rifes  up  into  the  hearth  at  b where  the  fuel  is 
laid,  as  in  the  common  fmith’s  forge,  and  the 
fmoke  is  carried  off  by  the  moveable  iron  pipe 
D,  which  palTes  up  beneath  the  fcreen  N (part 
of  which  is  reprefented  as  broken  away  to  fhew 
the  courfe  of  the  pipe)  and  enters  the  firft  chim- 
ney. The  hearth  contains  two  fmall  trenches 
at  d,  in  which  tongs  and  pincers  may  be  con- 
veniently fet. 

F is  a Mttffe  Furnace  of  fimple  conftru£Iion. 
The  muffle  is  introduced  by  a fide  fquare  open- 
ing at  F.  PI.  X.  The  top  of  this  furnace  is 
quite  flat,  and  is  covered  by  a very  large  thick 
fquare  brick,  inclofed  in  an  iron  rim,  which 
Amply  lies  upon  it.  The  iron  rim  fupports  a 
handle  by  which  the  cover  may  be  conveniently 
removed. 

The  center  of  this  range  is  a very  powerful 
Draught  Melting  Furnace.  G is  the  body  of 
the  furnace,  which  is  nearly  in  the  form  of  a 
double  cube.  The  upper  part  of  it  is  formed 
by  a bank  of  brick  work,  H H.  PI.  X.  and  XI. 
projeifting  forward  in  an  inclined  plane  upon 
the  common  level  of  the  top  of  the  whole  range 
of  furnaces,  and  cut  down  in  the  center,  forming 
the  large  fquare  opening  at  H.  PI.  X.  which 
looks  down  into  the  body  of  the  furnace.  This 
Hoping  direction  of  the  upper  opening  gives  a 
very  convenient  accefs  to  the  fire  for  adding 
fuel  and  managing  the  crucibles,  and  the  whole 
opening  is  doled  by  a thick  brick  fimilar  to 
that  which  covers  the  muffle  furnace.  Oppofite 
the  center  of  the  opening  at  H,  PI.  X.  is 
the  chimney  of  the  melting  furnace,  (reprefented 
by  a very  dark  lhading)  which  goes  horizontally 
for  a few  inches  and  then  forms  the  middle- 
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moft  of  the  five  perpendicular  chimnies.  This 
is  the  only  chimney  the  draught  of  which  is 
never  difturbed  by  the  reception  of  any  other 
flue.  At  the  lower  part  of  the  afli-pit  of  this 
furnace  is  feen  a fquare  hole  in  PI.  X.  which 
opens  from  behind,  and  is  the  termination  of 
the  brick  canal,  a.  PI.  XI.  which  runs  beneath 
the  floor  of  the  laboratory,  and  communicates 
with  the  outer  air  at  b b.  The  ufe  of  this  is 
to  afford  an  ample  fupply  of  air  to  the  furnace 
from  without  (and  confcquently  cooler)  which 
much  increafes  its  force ; and  alfo,  more  parti- 
cularly, to  allow  the  operator  when  {landing 
before  the  furnace,  to  put  a board  to  intercept 
the  draught  from  the  room  to  the  alli-pit, 
which  in  winter  is  very  troublefome  from  the 
chill  which  the  cold  air  gives  to  the  legs  in 
rufhing  by.  The  grate  of  this,  as  of  all  the 
other  furnaces,  is  not  fixed  in  the  brick  work, 
but  is  fupported  merely  by  two  iron  bars  a little 
below  the  bottom  of  the  body  of  the  furnace, 
upon  which  it  Aides  in  with  eafe,  and  when 
V'orn  out  or  damaged,  may  be  entirely  drawn 
away  by  the  opening  of  the  afli-pit,  and  another 
put  in  its  place.  This  is  particularly  ufeful  in 
the  melting  furnace,  as  the  intenfe  heat  is  very 
apt  to  damage  and  deftroy  the  bars  of  the  grate. 

I is  a furnace  for  Naked  Dijlillatioti.  One 
fide  of  it  is  cut  down  the  middle  to  admit  the 
beak  of  an  earthen  retort,  and  pieces  of  thick 
brick  properly  hollowed  are  introduced  over 
and  under  the  beak  to  fill  up  the  cavity.  A 
perpendicular  fe£lion  of  this  furnace  is  given  in 
PI.  XII.  Fig.  94,  which  is  introduced  chiefly 
as  giving  the  proportions  between  the  body  of 
the  furnace,  the  alh-pit,  and  the  flues,  which 
will  anfwer  for  all. 

K is  a DigeJHug  Sand  Bath,  or  fquare  flat- 
bottomed  iron  pot,  fet  over  a fmall  furnace  and 
filled  with  fand.  On  it  evaporating  pans  and 
any  other  glafs  velTcl  may  be  conveniently  placed, 
to  receive  a fafe  and  gradual  heat.  The  flame  in 
this  inflance  does  not  immediately  proceed  from 
the  fuel  to  the  chimney,  but  is  caufed  to  pafs 
again  round  the  iron  pan,  as  in  the  outline  plan 
K.  PI.  XI.  The  pan  is  alfo  fhewn  in  PI.  XII. 
Fig-  93- 

L is  a common  Sand  Bath  Furnace.  Inflead 
of  the  fand  bath  a boiler  may  be  fet  over  the 
fire  when  wanted. 

M is  a flat  furface  level  with  the  top  of  all 
the  furnaces,  on  which  any  thing  may  be  fet 
away,  or  which  will  very  conveniently  fupport 
a portable  furnace,  and  for  this  latter  purpofe 
a fide  opening  is  made  in  the  upright  chimney, 
to  which  it  is  contiguous,  which  opens  into  it, 
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about  the  fame  height  as  the  flue  D,  on  the 
oppofite  fide. 

Near  the  top  of  the  room  are  two  fquare 
doors  reprefented  on  each  fide  of  O,  PI.  X. 
which  communicate  with  each  of  the  upright 
chimnies  next  the  centre  one,  and  may  be  opened 
occafionally  to  let  out  any  noxious  fumes,  or  to 
infert  the  pipe  of  a portable  furnace. 

The  whole  of  this  range  of  furnaces,  as  al- 
ready mentioned,  is  fronted  with  a folid  fereen, 
or  kind  of  awning  of  mafonry,  which  fprings 
from  the  cieling  contiguous  with  the  wall  of  the 
room,  and  comes  down  in  a Hoping  dircflion 
fo  far  forwards  as  to  proje£l  over  the  front  of 
the  furnaces,  and  as  low  down  as  will  admit  a 
perfon  to  Hand  conveniently  under  the  lower 
margin.  This  fereen,  NN,  PI.  X.  is  reprefented 
as  broken  arvay  both  in  front  of  th.e  upper  part 
of  the  flue  D,  and  alfo  of  the  upper  part  of  the 
face  of  the  five  perpendicular  chimnies,  fo  as  to 
fhew  the  doors  on  each  fide  of  O,  w-hich  other- 
wife  would  be  hid.  All  fmoke  and  noxious 
fumes  therefore,  which  efcape  from  this  part  of 
the  laboratory,  are  caught  by  the  fereen,  and 
rifing  to  the  top  may  readily  be  carried  off  by 
opening  one  of  thefe  doors. 

PI.  XII.  Fig.  92.  reprefents  the  iron  door  of 
the  flill  and  fand-bath  furnaces,  which  is  double, 
the  inner  one  being  connedled  to  the  outer  by  a 
hinge,  which  caufes  it  to  open  and  fliut  at  the 
fame  time.  The  lower  door  alfo  is  fomewhat 
uncommon  in  conftrudllon,  having  a circular 
opening  round  which  revolves  an  iron  plate, 
partly  perforated,  fo  as  to  a£l  as  a regifler. 

Fig.  95,  96,  97,  98,  arc  FircTungs  of  various 
conftrudlion. 

GAS.  [^Apparatus for faturating fuids  ’with.) 

It  is  often  required  in  chemical  operations  to 
impregnate  water  or  other  liquids  with  one  or 
other  of  the  gafles,  and  a great  many  ingenious 
contrivances  have  been  invented  for  the  purpofe. 
To  efte6l  it  compleatly,  the  liquid  rnufl  he  fo 
fituated  as  to  have  a quantity  of  the  gas  confined 
M'ith  it  in  a clofe  veflel,  or  conflantly  paffing 
through  it,  and  the  abforption  is  always  much 
alfifled  by  artificial  prefTure  or  agitation,  or  both 
together. 

Some  gafles,  fuch  as  carbonic  acid  gas  or 
fulphuretted  hydrogen,  arc  fo  foluble  in  water 
that  this  fluid  may  be  made  to  take  up  a confide- 
rable  quantity  fimply  by  being  fliaken  together 
In  a clofe  phial,  and  therefore  for  extempora- 
neous purpofes,  where  the  wafte  of  a little  of 
the  gas  is  not  an  obje£l,  nothing  more  is  necef- 
fary  than  to  fill  a common  phial  quite  full  of 
diflilled  water,  to  invert  it  in  a fmall  tea-cup 
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full  of  the  fame,  to  introduce  under  the  mouth 
the  tube  of  a proof  hotiie,  and  to  throw  up  as 
much  air  as  will  expell  about  half  the  water  from 
the  phial ; then  keeping  the  finger  clofe  upon 
the  mouth  of  the  phial  drake  it  very  violently 
for  a minute  or  two,  and  fo  much  of  the  ^as 
will  be  abforbed  as  to  produce  a very  fenfible 
vacuum  in  the  phial.  But  as  large  quantities 
of  aerafed  water  cannot  be  prepared  in  this  way, 
foine  machine  is  required  to  prefent  fucceffively 
to  the  fame  portion  of  fluid  a frefh  fupply  of 
gas,  till  it  is  as  fully  faturated  as  can  be  done 
under  the  degree  of  preflure  employed. 

The  machine  invented  by  Dr.  Nooth,  and 
known  by  the  name  of  Nooi//s  Apparatus^  has 
long  been  in  common  ufe  for  this  purpofe,  and 
though  it  Iras  fome  defedfs,  it  is  on  tire  whole 
a very  ufeful  apparatus.  This  machine,  PI.  III. 
Fig.  46.  coirfifts  of  three  veiTels  5 the  lowclt,  a, 
has  a very  broad  flat  bottom,  that  the  whole  may 
Hand  fteadily.  It  contains  the  materials  i^rom 
which  the  gas  is  giveir  out  (marble  dull  and  di- 
lute muriatic  acid  for  example,  when  a carbon- 
ated liquid  is  to  be  prepared,  vdiich  is  molt 
commonly  the  cafe)  of  which  a frefh  fupply  is 
from  lime  to  time  to  be  added  through  the 
operring  made  for  that  purpofe,  the  Hopper 
of  which  muH  fit  very  accurately.  The 
gas  paffes  through  the  valve  h,  into  the 
velTei  r,  which  contains  the  liquor'  to  be  im- 
pregnated. A fedlion  of  the  valve  is  repre- 
fented  feparately  in  Fig.  45,  and  confiHs  of  a 
portion  of  a glafs  tube  opeir  at  bottom,  and 
clofed  at  top,  but  perforated  with  feveral  fmall 
lioles,  and  which  fits  clofely  into  the  bottom  of 
the  veflel  a a,  that  contains  the  liquor.  The 
innef  part  of  tlie  tube  b,  is  partly  filled  with  two 
thick  pieces  of  glafs  tube  (reprefented  by  the 
deeper  fhading)  with  the  fmall  perforations  c 
and  e.  The  fpace  between  thefe  two  pieces  is 
occupied  by  a glafs  valve  in  the  form  of  a plano- 
convex lens,  which  lies  flat  upon  the  !ov\er  piece 
on  wliich  it  fmoothly  fits,  but  is  oafily  lifted  up 
by  the  influx  of  gas  from  below,  fufficient  to 
allow  it  to  pafs;  whilH  it  is  fo  far  confined  that 
it  cajmot  be  turned  over,  but  immediately  falls 
down  again  In  its  proper  place. 

The  mnddle  veflel  c (Fig.  46}  has  a glafs 
Hop-cock  to  draw  off  the  liquor,  and  into  it 
dips  the  end  of  an  upper  veflel  cJ,  which  is 
intended  to  afford  a fmall  preflure  on  the  gas  in 
e,  and  alfo  a conHant  circulation  of  the  liquor 
from  one  to  the  other.  At  the  top  of  is  a 
Hopper,  which  is  the  only  joining  of  the  v/hole 
apparatus  which  is  not  required  to  fit  very 
iltht,  as  it  Is  only  intended  to  allow  the  cxcefs 
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of  gas  to  efcape ; and  indeed  it  fliould  fit  rather 
loofely,  otherwife  it  allows  fo  great  a quantity 
of  gas  to  collect  within,  that  when  it  is  forced 
up  it  is  often  projedted  to  fome  diHance.  A 
loofe  cork  anfwers  as  well.  In  ufing  this  appa- 
ratus, fo  much  liquor  fliould  be  poured  into  the 
miiddle  veflel  as  to  rife  fome  way  above  the 
bottom  of  the  tube  of  the  upper  veffel  that  dips 
down.  The  gas  being  then  generated  in  the 
lower  veflel  i?,  it  rifes  tlirough  the  water  of  c, 
up  to  the  jundlure  between  c and  r/,  where,  not 
being  able  to  efcape,  it  accumulates,  and  by  its 
preflure  caufes  the  liquor  to  flow  through  the 
bent  tube  into  d,  driving  before  it  the  atmof- 
pherical  air.  When  the  liquor  has  thus  fallen 
in  r,  below  the  level  of  the  dip  of  the  bent  lube, 
the  gas  riles  through  this  tube,  and  in  its  paflagC' 
agitates  the  liquor  in  dy  and  fends  down  a por- 
tion ; and  thus  a conHant  agitation  is  kept  up 
which  highly  favours  the  abforption. 

The  chief  inconvenience  of  this  machine  is 
the  number  of  parts  of  which  It  is  formed,  and 
the  accurate  grinding  required  for  all  the  pieces 
that  fit,  which  makes  the  apparatus  expenfive, 
and  not  eafily  repaired  when  any  poition  is 
broken. 

A much  fimpler,  cheaper,  and  equally  good 
apparatus  is  that  reprefented  in  PI.  III.  Fig.  47, 
invented  by  the  late  Dr.  Hamilton.  It  confiHs 
of  three  parts.  « is  a tubulated  retort,  with  a 
fliort  thick  neck,  fitting  accurately  into  the  de- 
canter-Hiaped  veffel  b.  The  retort  contains  tlie 
fubllances  whence  the  gas  is  procured,  and  has 
the  advaaitage  over  Nooth’s  apparatus,  in  allow- 
ing heat  to  be  applied,  fo  that  it  will  ferve  for 
making  liquid  oxy-muriatic  acid,  and  for  many 
other  purpofes. 

The  upper  veffel  c fits  into  the  decanter,  and 
befides  has  a long  glafs  tube  proceeding  from 
the  bottom,  and  ground  accurately  to  it,  which 
reaches  to  the  bottom  of  b.  The  veffel  c fhould 
hold  about  as  much  as  the  decanter.  The  ufe 
of  this  apparatus  is  obvious.  'J'he  decanter  is 
firfl  filled  with  the  water  to  be  faturated  nearly 
as  high  as  the  point  where  the  retort  enters, 
and  the  advantage  of  the  decanter-form  is  tliat 
very  little  common  air  is  then  left  ia.  The 
influx  of  gas  from  the  retort  accumulating  at  the' 
top  of  b drives  the  contained  liquor  up  the  tube  dy 
into  the  veflel  r,  till  the  decanter  is  quite  empty 
of  water,  and  only  filled  with  the  gas,  on  which  a 
confiderable  preflure  is  therefore  always  kept 

... 

1 his  apparatus  is  not  readily  deranged,  its 

parts  are  Hrong  and  fimple,  and  it  will  bear  as 
much  fluking  as  Nooth’s  naachine,  cafe  being 
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taken  to  keep  the  retort  itfelf  as  ftill  as  pofilble, 
that  none  of  its  contents  mix  with  thofe  of  the 
decanter. 

Another  apparatus,  fimilar  to  Dr.  Nooth’s, 
but  fomewhat  better,  is  formed  by  the  veflels  <7, 
b and  d of  Fig.  42,  adding  to  the  top  of  d the 
veflel  a of  Fig.  44.  A valve  is  placed  between 
b and  d fimilar  to  that  of  Nooth’s  apparatus. 
But  as  thefe  veflels  alfo  belong  to  an  impi'oved 
TVoulfds  ApparatuSy  we  fliall  mention  them 
under  that  article. 

It  fliould  be  obferved  however  that  the  ut- 
mofl;  eft'eft  of  the  beft  glafs  veflels  in  impreg- 
nating water  with  carbonic  acid,  or  any  other 
gas,  is  very  far  fliort  of  the  power  of  the  forcing 
pump  ; and  it  is  by  this  latter  method  that  all 
the  brifk  foaming  carbonated  waters  are  made 
which  are  confumed  fo  largely  under  the  names 
of  artificial  Seltzer,  Soda,  Pyrmont  waters,  &c. 
Mr.  Paul,  of  Geneva,  appears  to  have  been  the 
firft  who  adopted  this  excellent  method  of 
making  the  artificial  mineral  waters. 

G AZOMETER. 

Thefe  are  vefibls  of  various  fliapes  and  con- 
trivance, intended  as  refervoirs  to  hold  a pretty 
large  quantity  of  gas  (feveral  gallons  for  ex- 
ample) and  are  indifpenfible  in  a well-furnilhed 
laboratory.  They  are  made  of  thin  tinned 
iron-plate,  well  japanned  on  both  fides,  and 
moft  of  them  have  fome  contrivance  for  mea- 
furing  the  quantity  of  gas  which  they  contain. 
We  mall  defcribe  three  kinds  of  gazometer,  all 
of  which  aie  in  common  ufe  and  anfwer  very 
well. 

PI.  V.  Fig.  61  and  62  reprefent  a view  and 
feiffion  of  a common  gazometer.  The  letters 
in  each  refer  to  the  fame  parts.  « n is  the  outer 
pail  or  circular  veflel,  with  a fpout  at  top.  Two 
tubes  d and  e (each  fitted  with  a ftop-cock  ex- 
ternally) are  firmly  foldered  to  the  fides  of  the 
pail : the  tube  d penetrates  at  the  bottom  of 
the  pail  and  proceeds  to  the  center  where  it 
joins  the  termination  of  the  tube  e,  wdilch  enters 
the  top  of  the  pail  ai;d  proceeds  downwards ; 
and  from  the  place  of  junftion  the  upright  tube 
^ rifes  thrcugh  the  middle  of  the  pail  a little 
above  the  level  of  its  upper  rim.  The  veffel  b is 
a cylinder  open  only  at  the  bottom,  and  of  lefs 
diameter  than  the  pail,  into  which  it  is  in- 
verted, and  can  move  up  and  down  freely. 
This  cylinder  has  a iblid  Hem  c,  which  paiTes 
through  a hole  in  the  wooden  crofs  bar  of  the 
frame  round  the  top  of  the  pail,  and  ferves 
both  to  keep  the  cylinder  in  a perpendicular 
direftion  when  moving  up  and  down,  and  to  in- 
dicate the  quantity  of  inclofcd  gasby  the  gradu- 


ation on  its  furface.  The  weight  of  the  cylin- 
der is  counterpoifed  by  weights  put  in  a icale 
difli,  which  is  connefted  to  the  top  of  the  cy- 
linder by  a cord  and  pulley.  The  pail  has 
befidcs  an  opening  through  its  bottom  clofed  Hy 
a feparate  ftop-cock  f,  by  which  the  water  may 
be  drawn  off.  The  whole  apparatus  is  conve- 
niently fupported  on  a heavy  wooden  ftool.  It 
is  not  efi'ential  to  have  both  the  tubes  e and  d for 
the  filling  and  emptying  of  the  gazometer,  but 
it  is  more  convenient,  as  they  are  of  different 
heights.  To  ufe  this  gazometer,  firft  let  the 
cylinder  fall  to  the  bottom  of  the  pail,  and  pour 
water  into  the  fpout  of  the  latter  till  it  is  quite 
full.  Then  fliut  the  cock  e and  open  d ai'.d 
conne£l:  with  it  the  tube  which  conveys  the  gas 
immediately  from  the  retort  or  other  veflel  in 
which  it  is  produced ; or,  if  more  convenient, 
flnit  d and  convey  the  gas  through  e.  In  either 
cafe  the  gas  rifes  through  the  upright  tube  g to 
the  top  of  the  cylinder  b,  which  it  gradually 
lifts  up,  and  care  muft  be  taken  to  keep  in  the 
fcale  difh  fufficient  w'cight  to  allow  the  cylin- 
der to  move  with  perfect  freedom.  When  all 
the  gas  is  obtained,  fhut  the  cock  through 
which  it  palled,  and  it  remains  in  the  inverted 
cylinder  ready  for  ufe.  To  take  out  a portion 
of  it,  connect:  with  either  of  the  ftop-cocks  a 
bent-tube  dipping  under  the  jar,  or  whatever 
veflel  it  is  to  be  received  in  inverted  over  water, 
and  at  the  fame  time  lift  up  the  fcale  difh,  on 
which  the  cylinder  will  prefs  down  by  its  own 
weight,  and  force  out  the  contained  air.  The 
tube  which  terminates  at  ^ is  a very  convenient 
height  for  a blow-pipe,  either  for  common 
air  or  efpecially  for  oxygen  gas,  and  ftraight 
blow-pipe  tubes  are  made  for  the  purpofe, 
which  may  be  of  the  fize  to  fit  on  clofely, 
or  may  eafily  be  made  to  do  fo,  by  the  in- 
tervention of  a cork.  It  fhould  be  obferved 
that  in  this  apparatus  the  weight  of  the  cylin- 
der is  conftantly  increafing  in  proportion  as  it 
fills  with  gas,  and  rifes  out  of  the  water,  and 
confequently  if  the  counterpoifing  weight  is 
only  equal  to  that  of  the  cylinder  in  the  firft 
moment  of  its  rife,  the  gas  becomes  gradually 
more  and  more  comprelfed  by  that  part  of  the 
weight  of  the  cylinder  which  is  not  counter- 
poifed, and  if  its  quantity  is  then  eftimated  by 
the  bulk  which  it  occupies,  without  making 
allowance  for  the  increafing  prefl'ure,  a material 
error  would  arife.  To  compenfate  for  this 
increafing  weight  of  the  cylinder,  and  render  a 
fcale  of  equal  graduations  accurate,  fome  have 
ingenioufly  adopted  the  plan  of  a fpiral  pulley 
to  the  cord,  which  has  the  efl'edl  of  gradually 
3x2 


G A Z 


G A Z 


( 532  ) 


increafmg  the  weight  of  the  counterpoife  in 
proportion  as  the  cylinder  rifes  from  the  water. 

Fig.  63  is  a gazometer  on  the  fame  principle 
as  Fig.  61  & 2,  and  differing  from  it  only  in 
this  fmgle  circumftance,  viz.  that  the  outer  pail 
has  the  greater  part  of  its  capacity  filled  by  a 
hollow  cylinder  h.  h.  which  is  clofed  on  all 
fides  except  a perforation  through  its  center  to 
admit  the  upright  air-tube  gy  and  is  firmly  fol- 
dered  to  the  bottom  of  the  pail.  The  ufe  of  this 
fixed  cylinder /?; 'is  to  lefl'en  the  bulk  of  water 
iieceffary  to  confine  the  gas  in  the  moveable 
cylinder  b,  and  which  in  the  firfi:  defcribed 
gazometer  is  often  inconvenient  from  its  weight, 
as  it  fills  the  entire  capacity  of  the  pail  except 
the  fmall  fpace  occupied  by  the  mere  fubftance 
of  that  part  of  the  cylinder  b which  is  immerfed. 
Whereas  in  Fig.  63  the  quantity  of  water  re- 
quired is  only  that  which  will  fill  the  fpace 
(I  a between  the  pail  and  the  fixed  cylinder  h.  h. 
in  which  fpace  the  gas-cylinder  h mo'  es  up  and 
down  freely.  The  vaulted  form  of  the  upper 
part  of  this  latter  cylinder  is  alfo  an  improve- 
ment, as  it  admits  of  the  air  remaining  in  it 
being  more  completely  emptied  by  the  pipe  g 
before  a frelh  diflillation  of  gas  is  begun. 

Plate.  VI.  Fig.  64  is  a very  ingenious  and 
ufeful  gas-holder,  with  a ciftern  at  the  upper 
part,  which  on  the  whole  combines  more  con- 
veniences in  the  management  of  gaffes  than  any 
other.  It  confifts  of  a tinned  iron  hollow  cy- 
linder a highly  japanned,  on  tlie  top  of  which 
is  fupported  by  three  folid  legs  h.  h.  the  pan  or 
ciftern  b.  (the  glafs  jar  c is  not  a part  of  this 
apparatus,  but  is  only  fiicv/n  in  this  place  as 
convenient  for  many  experim.entsj.  The  hol- 
low cylinder  a is  plain  in  the  infide,  except  a 
fmall  projeftion  at  the  bottom  of  d.  It  has  the 
following  fix  openings  into  it.  From  the  top 
proceed  the  pipes  f ^ g,  each  of  which  alfo 
communicates  feparately  with  the  pan  b.  (the 
tube  g is  often  m.ade  parallel  with  f,  wdrich 
anfwers  as  well.)  The  fliort  tube  e alfo  opens 
direftly  into  the  upper  part  of  the  cylinder,  d 
is  a pretty  large  opening  formed  by  a fhort  pipe 
which  enters  the  cylinder  at  an  angle  of  about 
45°.  and  paffes  down  for  an  inch  or  two  in  the 
fame  diredlion.  At  this  angle  the  water  will  not 
run  out  through  it  from  the  cylinder,  provided 
all  the  tubes  that  would  admit  the  prefl'ure  of 
the  external  air  are  clofed.  This  opening  r/, 
has  a ftopper  which  may  be  ferewed  on  when 
wanted.  Befides  thefe  four  openings,  w'hich 
are  effential  to  the  apparatus,  there  are  two 
others,  k.  k.  one  at  top  and  the  other  at  bottom 
that  communicate  folely  with  the  graduated 


glafs  tube  /,  which  is  ftrongly  foldered  into  k.k,- 
which  are  of  brafs.  The  ufe  of  this  is  to  flievr 
by  infpedlion  of  the  glafs  tube  the  level  of  the 
water  within  the  cylinder,  and  confequently  the 
quantity  of  gas  which  it  contains.  The  ufual 
capacity  of  the  cylinder  for  experimental  pur- 
pofes  is  about  12  quarts,  w'hich  are  marked  on  a. 
paper  fcale  cemented  to  one  fide  of  the  glafs  tube. 

To  fill  this  apparatus,  firft  flop  the  openings 
d and  e,  and  openy  and^,  then  pour  water  into 
the  pan  b,  wdrich  will  fall  dov/n  into  the  cylin- 
der by  one  of  the  open  tubes,  whilft  the  air 
W'hich  it  contained  will  efcape  by  the  other- 
When  the  cylinder  a is  quite  full  of  water,, 
which  is  known  by  infpecting  the  glafs  tube, 
ftop  the  cocks  at  f and  g,  and  open  d,  and 
the  water  (as  already  mentioned)  will  not  flow 
out.  Then  introduce  the  beak  of  the  retort 
or  other  condudling  tube,  fo  deep  into  dy  that 
it  projefts  beyond  the  inner  edge,  and  begin 
the  produdlion  of  the  gas.  As  this  rifes  into 
Oy  it  difplaces  an  equal  quantity  of  water,  w'hich 
now  efcapes  through  d,  by  the  fide  of  the  tube 
that  brings  the  gas.  When  the  gazometer  is  fo 
full  that  the  level  of  the  water  falls  to  the  bot- 
tom of  the  glafs  fcale,  fliut  the  tube  d,  and  the 
machine  may  then  be  conveyed  any  where  with- 
out danger  of  lofing  any  of  the  gas. 

This  apparatus  will  anfwer  a variety  of  pur- 
pofes.  if,  for  example,  a jar  or  any  othei* 
veffel  is  to  be  filled  w'ith  the  gas,  firft;  fill 
the  jar  with  w'ater  and  invert  it  in  the  pan  b, 
v/hich  is  alfo  to  be  filled.  Then  open  the  cocks 
at  f and  g,  and  the  gas  will  rife  into  the  jar  by 
one  tube  and  the  water  fink  into  the  cylinder 
by  another.  An  empty  bladder  may  be  filled 
with  the  gas  in  the  fame  manner  by  ferew- 
ing  or  otherwife  faftening  the  neck  upon  one 
opening  and  letting  water  fall  down  the  other ; 
or  it  may  be  more  conveniently  faftened  to  the 
fide  opening  and  then  only  one  of  the  upper 
cocks  muft  be  opened  to  let  water  down.  The 
opening  e,  is  alfo  very  convenient  for  fupplying 
a blow-pipe,  and  for  this  purpofe  the  flexible 
tube  Fig.  68  may  be  faftened  upon  r.  The  glafs 
veffel  c furniflies  a convenient  method  of  fhew'- 
the  deflagration  of  iron,  phofphorus,  &c.  in 
oxygen  gas  without  rilk  to  the  veffel.  It  is 
quite  open  at  the  bottom,  and  has  an  opening 
of  moderate  fize  at  the  top,  to  which  is  fitted  a 
cork  furnifhed  with  a ftop-cock.  To  fill  it 
with  oxygen  from  the  gazometer,  firft  place  it 
on  the  pan  full  of  water,  b,  and  through  the 
ftop-cock  fuck  up  the  air  till  the  water  rifes, 
and  fills  it  entirely,  and  then  turn  the  cock 
while  the  lips  are  ftill  upon  it.  The  jar  is  thus 
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filled  with  water,  after  which  the  oxygen  is  let 
up  by  opening  the  cocks  y 8c  g zs  already  de- 
fcribed.  Then  remove  the  flop-cock  cork  and 
immediately  fubfritute  another  cork  previoufly 
fitted  to  the  jar,  and  having  the  lighted  iron  wire 
fufpSnded  from  it.  The  moment  it  is  in  the 
jar  of  oxygen,  the  ii'on  takes  fire  and  burns 
with  the  phenomena  defcribed  under  that  metal. 

It  may  be  obferved  that  as  the  only  intention 
of  the  ftop-cock  in  the  cork  is  to  enable  the  jar 
to  be  filled  with  water,  any  other  method  of 
doing  this  will  anfwer  as  well. 

GUN -BARREL  APPARATUS.  This 
term  is  given  by  feme  to  the  following. 

HYDROGEN,  Apparatus  for  procuring. 

Under  the  article  Hydrogen  we  have  men- 
tioned that  it  is  obtained  in  abundance  by  paffing 
the  fleam  of  water  over  red-hot  iron,  and 
an  ingenious  apparatus  for  the  purpofe  was  in^ 
vented  by  Dr.  Prieflley,  which  has  been  fince 
applied  to  a mimber  of  other  experiments  of  re- 
fcarch,  where  the  obje£l  has  been  to  fend  any 
kind  of  vapour  through  a tube  containing  any 
fubflance  heated  red-hot.  The  apparatus  is 
fimply  the  following : PI.  II.  Fig.  41.  a is  a re- 
tort, the  beak  of  which  is  luted  into  one  end  of 
the  tube  b by  which  lies  acrofs  a portable  fur- 
nace in  fuch  a manner  that  the  middle  part 
may  be  heated  red-hot,  whiHl  each  extremity  is 
comparatively  cool,  r is  a bent  tube  luted  to 
the  other  end  of  b,  and  which  may  be  diretled 
under  an  inverted  jar  in  a pneumatic  trough, 
or  any  other  veflel  intended  for  the  reception  of 
gaffes.  The  middle  of  the  tube  by  which  lies 
over  the  furnace,  is  filled  with  iron  wire  or 
turnings  clofely  rammed.  When  this  part  of 
the  tube  is  fully  red-hot  the  water  in  the  retort 
a is  made  to  boil,  by  putting  a lamp  beneath  it, 
and  the  fleam  paffmg  over  the  heated  iron  is 
decompofed,  and  the  hydrogen  produced  by 
this  method  is  given  out  copioufly  at  the  bent 
tube  c.  In  this  experiment  the  tube  b is  gene- 
rally a plain  iron  pipe,  formed  out  of  a gun- 
barrel,  by  filing  off  the  breech.  In  feme  cafes 
the  tube  may  be  of  earth,  but  it  fijould  be  re- 
membered that  even  the  clofefl  pottery  is  fome- 
what  porous  at  a red-heat,  fo  that  it  fhould  be 
iuclofed  in  another  tube  of  green  glafs  or  metal. 

A gun-barrel  tube  for  the  fame  purpofe  is 
feen  at  gy  Fig.  77.  PI.  VIII.  traverfmg  a Black’s 
furnace,  and  is  mentioned  under  the  article 
furnace.  Where  the  fubflance  to  be  heated  in 
the  tube  is  of  a kind  that  will  not  keep  its 
place,  as  clofely  rammed  iron  wire  will,  the 
charge  may  be  confined  by  a pellet  of  wet  clayc 
at  each  end,  which  as  it  dries  fnrinks  and  cracksg 


fo  as  to  allow  the  paffage  of  aqueous  vapour- 
and  gas  through  it,  but  confines  folid  or  pul- 
verulent bodies. 

HYDROMETER.  See  Specific  Gravity. 
JAR. 

Glafs  jars  of  a cylindrical  fliape  or  nearly  fo, 
are  indifpenfably  neceffary  in  the  laboratory, 
both  for  experiments  on  gaffes,  and  for  holding 
liquors  in  all  the  common  operations  of  filtering, 
precipitation,  mixture,  &c.  For  the  gaffes,  the 
jars  are  ufually  plain  cylinders.  Fig.  16.  PI.  L 
of  various  length  and  capacity,  which  fland 
fleadily  enough  when  inverted  over  water,  and 
the  margin  of  the  open  end  is  generally  ground 
fmooth,  that  when  any  flat  plate,  or  a circular 
bit  of  card,  is  preffed  upon  it,  the  water  may 
not  drop  out  when  the  jar  is  inverted.  For  ex- 
periments with  mercury,  the  jars  firould  be 
fmaller  and  thicker,  and  to  Hand  very  fleadily, 
jars  are  fometimes  wider  at  bottom,  as  in 
Fig.  18.  The  mofl  convenient  jars  for  mix- 
tures and  precipitation  are  fuch  as  Fig.  19,  or 
as  thofe  which  are  reprefented  flanding  under 
the  four  funnels  in  Fig.  65.  PI.  VI.  thefe 
being  broad  at  bottom,  any  precipitate  can  be 
more  thoroughly  edulcorated  than  in  any  veffel 
of  the  wine-glafs  fliape.  The  thick  jar  for  ex- 
plofions  with  the  eleflric  fpark,  fuch  as  in  Fig. 
67,  has  been  already  defcribed  under  the  article 
Detonating  Jar, 

LABORATORY. 

A convenient  well-furnifhed.  laboratory  is,  of 
courfe,  a principal  objefl  with  the  chemitl, 
though  it  may  be  fome  fatisfa£lion  for  the- 
lover  of  this  attractive  fcience,  whofe  means  of 
indulging  it  are  very  limited,  to  know  that  mofl 
of  the  admirable  refearches  of  Schoele,  Prieflley, 
Crawford,  and  Berthollet,  were  carried  on  with- 
fuch  fimp.e  and  cheap  apparatus  as  mofhper- 
fons  can  command.  Neverthelefs  it  is  of  ex- 
treme advantage  to  have  a well-furniflied  labo- 
ratory ; accurate  (and  therefore  expenfivej 
inflruments  are  almofl  indifpenfible  in  manv 
experiments  of  refcarch  ; and  if  we  have  fim- 
plified  many  of  the  long  and  embarraffing  pro- 
cefl'es  of  the  older  chemifts,  we  have,  on  the 
other  hand,  added  mofl  abundantly  to  the  field 
of  chemical  enquiry  by  the  knowledge  of  gaf- 
feous  bodies,  and  equally  to  the  number  of 
inflruments  now  neceffary  to  carry  on  chemical 
refearches. 

It  may  not  be  unacceptable  to  thofe  who  are 
entering  upon  chemical  fludies,  to  give  a fhort 
lift  of  thofe  articles  of  furniture  which  may  be 
onfidered  as  almofl  indifpenfible  to  carry  on  a 
eneral  courfe  of  experiments,  omitting  how-. 
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ever  feveral  nice  and  complicated  inflruments, 
which  have  been  devifed  for  many  eKperlments 
of  refearch,  fuch  as,  for  example,  the  compofi- 
tion  of  water. 

If  the  chemift  has  opportunity  of  buildinj:; 
a laboratory,  or  of  converting  a confiderabie 
part  of  a fmall  houfe  to  the  purpofe,  it  will  be 
more  convenient  to  have  both  a ground  floor 
and  an  upper  ftory  ; on  the  ground  floor  he 
iii^ry  build  his  brick  furnaces,  keep  charcoal  and 
other  fuel,  grind  and  fift  different  materials, 
evaporate  large  quantities,  and  do  all  thofe 
things  which  make  much  dull  or  fumes,  and 
referve  the  upper  room  for  th.e  nicer  and  cleaner 
experiments.  But  if  he  can  only  devote  a Angle 
room  to  chemical  ufes,  it  is  on  the  whole  pre-' 
fefable  to  have  it  above  the  level  of  the  ground, 
on  account  of  its  being  much  drier,  for  a damp 
air  rulls  every  thing  of  iron  and  fleel,  fpoils  the 
fcale-beains,  ioofens  the  gummed  labels  to  the 
bottles,  renders  many  falts  damp  and  deliquef- 
cent,  and  produces  many  other  inconveniences. 
The  only  advantage  of  a ground  floor  is  the 
greater  convenience  of  bringing  water  (which 
is  abundantly  required)  but  this  is  not  at  all 
counterbalanced  by  the  trouble  of  dampnefs. 

The  lirll  object  to  be  confidered  is  the  mode 
of  applying  heat,  or  the  feledlion  of  furnaces. 
If  the  chemift  has  only  a Angle  room  with  a 
common  Are-place,  the  latter  fliould  be  made 
as  wide  as  pofhble,  and  the  grate  removed  to 
give  room  for  one  or  two  portable  furnaces. 
Thefe  may  be  a Black’s  Furnace  with  fand-bath, 
earthen  tube,  muffle  and  other  appurtenances, 
and  a fmall  Blajl,  which  will  fuflice  for  moft 
operations,  befides  which  it  is  extremely  conve- 
nient to  have  one  or  two  large  black  lead  pots 
with  a grate  near  the  bottom,  an  afli-hole  cut 
below  it,  and  the  top  deeply  indented  in  the 
form  of  battlements,  over  which  a large  eva- 
porating pan  or  other  veflel  may  be  fet,  and 
heated  by  charcoal.  It  is  a great  faving  of 
room  to  have  an  iron  flue  hanging  a few  feet 
from  the  ground,  and  running  up  in  front  of 
the  chimney-piece,  and  penetrating  into  the 
chimney  near  the  top  of  the  room,  under  which 
a fmall  chamber  furnace  or  a charcoal  pot  may 
be  fet,  witliout  encumbering  the  Are-place. 
The  chimney  of  the  Black’s  furnace  fhould  be 
lengthened  by  an  iron  pipe  of  at  leaft  6 or  8 feet 
long,  and  Axed  up  in  the  chimney  of  the  room 
by  iron  cramps,  which  increafes  its  draught 
prodigioufly. 

The  room  ftiould  be  amply  furnilhed  with 
Shelves  for  bottles  and  glafs  apparatus,  and  with 
as  many  or  as  large  deal,  tables  as  can  con- 


veniently ftand  in  it,  one  of  which  fhould  be 
fubftantial  and  heavy,  or  elfe  a kitchen  drefler 
■may  be  put  up,  with  drawers  below.  A fmall 
fet  of  drawers  fuch  as  apothecaries  ufe,  will  be 
highly  convenient.  If  poffible,  a ftone  .Ank 
fliould  btf  placed  at  one  corner  of  the  room  with 
a fupply  of  clear  water,  and  conveniences  for 
wafliing  and  draining  bottles,  &c.  A folid 
block  of  wood  is  alfo  ufeful,  for  fupporting 
a mortar  when  pounding  hard  fubftances,  and  in 
which  an  iron  anvil  may  be  ftuck  when  wanted. 

Thefe  being  arranged,  the  chemift  muft  fur- 
nifli  himfelf  with  the  moft  ufeful  apparatus, 
of  which  the  following  are  the  principal  articles: 
the  defeription  of  each  individual  article  with 
the  kind  to  be  preferred,  will  be  found  under 
their  refpc6live  heads  : 

A gazometer,  with  the  connecting  tubes, 
blow-pipe,  &c. 

A bladder,  or  Aik  bag,  with  ftop-cock  fltting 
the  above. 

A pneumatic  water  trough. 

A copper  ftill  with  worm-tub,  the  ftill  fitting 
into  the  top  of  the  Black’s  furnace. 

A blow-pipe,  with  fpoon,  &c. 

Lamps — an  Argand,  and  others  of  common 
conftruClion  for  oil  and  alcohol. 

An  apparatus  for  drying  precipitates  by  fteam. 

Scales  and  weights. 

Large  and  fmall  iron  ftands  for  retorts,  &c. 

Mortars — one  of  hard  fteeI,one  of  bell-metal, 
and  one  or  two  of  Wedgewood  ware. 

A filver  crucible  and  fpatula. 

A platina  crucible  and  fpatula. 

A jointed  iron  tube  for  conveying  gr.fles. 

’ The  folloiving  articles  in  glafs : 

Retorts  of  different  fizes,  plain  and  ftoppered, 
and  long-necked  for  gaffes. 

Receivers  to  fit  the  above,  plain  and  ftoppered, 
with  or  without  an  adopter. 

Plain  jars  for  gaffes,  different  fizes. 

Lipped  jars  for  mixtures,  precipitates,  &c. 

A graduated  eudiometer  jar. 

Bell  receivers,  two  or  three  fizes. 

Proof  bottles. 

Capfules  or  fmall  evaporating  cups. 

Water  glafies  (fuch  as  are  ufed  at  table) 
which  are  very  convenient  for  gentle  evapo- 
porations. 

Florence  flafks. 

Matraffes — two  or  three  very  fmall,  and  others 
of  common  fize,  round  and  flat-bottomed. 

Funnels — ribbed,  and  one  plain  with  a very 
long  neck  for  charging  retorts. 

Wine-glaffes — common  or  lipprd. 
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W atch-glafles,  for  evaporating  minute  quan- 
tities at  a very  gentle  heat. 

Common  decanters. 

A bottle  for  fpecific  gravity  of  fluids. 

Phials  of  all  fizes,  plain  and  with  ground 
ftoppers. 

Plain  glafs  tube  of  various  thicknefs  and  bore, 
out  of  which  may  eafily  be  made 
r Syphon  tubes. 

J Bent  tubes  for  gafles. 

I Capillary  tubes,  for  dropping  liquids,  and  va- 
rious  other  ufeful  articles. 

A gas-faturating  apparatus. 

A Woulfe’s  apparatus. 

A tube  of  fafety,  feparate  (Fig.  6o).  ’ 

A barometer. 

Thermometers — common,  and  with  the  bulb 
naked,  to  dip  into  liquors. 


The  folloivuig  in  Earthen-nvare : 

Crucibles — Heflian,  common,  and  black-lead, 
of  different  fizes  and  fhapes,  with  ftands  and 
covers. 

Retorts. 

Retert-ffands  (fuch  as  Fig.  25  inverted). 

Cupels. 

Wedgewood  evaporating  diflies — a fet. 

White  bafons  with  lips,  different  fizes. 

Common  white  cups  and  faucers. 

Tubes — ftraight  and  bent. 

Porcelain  fpoons. 

Ditto  rods,  for  ftirring  corrofive  fluids. 

Several  (tone  ware  jars  with  tin  covers,  for 
holding  falts,  &c. 


Alfo  ihe  following  fundrtes : 

Wire — different  fizes  and  kinds,  viz.  iron, 
copper,  brafs,  filver,  and  platina. 

Gold,  filver,  and  brafs  leaf — tinfoil. 
•Wooden  tripod  ftands  for  receivers,  &c. 
Fire  tongs — various  fhapes. 

Steel  fpatula  and  pallet  knives. 

Iron  ladles 

Diamond  for  fcratdiing  glafs. 

Files — fiat,  three-cornered,  and  rat- tailed. 
Hammers. 

A vice  and  anvil. 

Pincers. 

Shears  and  feiffars-. 


A magnet. 

Sieves. 

Fiherirrg  paper. 

Corks. 

Bladders — fpirit  vamifh  — fponge  — tow 
linen — flannel. 

Windfor  and  common  bricks— -tiles — fand. 


Lutes  of  various  kinds.  (See  articIeCcMENTs. 

For  more  extenfive  and  delicate  lefeardies  it 
it  is  alfo  neceffary  to  have 

A mercurial  pneumatic  trough. 

A mercurial  gazometer. 

A burning  lens  of  confiderable  power. 

An  electrical  apparatus. 

A Galvanic  apparatus. 

A Detonating  jar. 

A glafs  or  filver  alembic. 

The  fuel  to  be  employed  has  been  already 
mentiohed  under  the  article  Furnace,  and  a fup- 
ply  fhould  be  kept  near  at  hand,  broken  down 
ready  for  ufe. 

With  regard  to  the  different  fubftances  or  re- 
agents to  be  kept,  the  chemift  will,  of  courfe,. 
wifli  to  have  a fpecimen  of  all  the  fimple  or  in- 
dividual fubftances,  fuch  as  the  acids,  earths, 
metals,  &c.  but  it  may  not  be  unacceptable  to 
add  a lift  of  thofe  fimple  and  compound  fub- 
ftances which  are  of  general  ufe,  and  which 
therefore  ought  alfo  to  ftand  on  the  fhelves. 

For  many  purpofes  the  ordinary  degree  of 
purity  in  which  thefe  fubftances  are  obtained 
by  the  common  proceffes  is  fufficient  •,  fo,  for 
example,  the  fmall  quantity  ot  potafli  in  com- 
mon fulphuric  acid,  and  of  iron  in  com.mon 
muriatic  acid,  feldom  interferes  with  any  of  the 
ufes  to  which  thofe  reagents  are  applied  j but 
it  is  alfo  neceffary  frequently  to  have  them  in 
the  utmoft  purity  when  employed  as  tefts  for 
delicate  purpofes.  The  chemift  will  therefore 
find  it  of  advantage  to  referve  a feparate  fet  of 
a few  of  the  moft  neceffary  reagents  in  their 
utmoft  purity,  and  if  only  employed  when  abfe- 
lutely  requifite,  a verj  m.oderate  quantity  w'ill 
fuffice.  In  the  fubjoined  lift  we  have  diftin- 
guiftied  by  the  word  pure  thofe  fubftances  which 
require  particular  pains  to  be  obtained  abfclutely 
pure,  and  the  methods  of  doing  it  will  be  found 
under  the  refpeftive  articles.  Mixtures  of  each- 
of  the  ftronger  acids  and  water  in  two  or  three 
different  and  known  proportions  fliould  alio  be  ■ 
kept. 

(N.  B.  The  lei  ter  D implies  that  the  Dry  fub- 
fatice  fhould  be  kept,  and  S,  that  it  foould  be  in 
Solution.) 

Sulphuric  acid,  pure 

Ditto  common 

Nitric  acid,  pure  and  boiled 

Ditto  corhmon  and  boiled 
Ditto  fuming 
* Muriatic  acid,  pure 

Ditto  common  • 
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Oxymuriatlc  Acid 

(This  Ihould  be  kept  in  the  dark), 

Phofphoric  Acid,  pure,  from  Phofphorus.  S. 
Acetic  Acid  '■  • 

Diftilled  Vinegar 

Ditto,  concentrated  by  frofl; 

Oxalic  Acid.  S.  • - 

T'artareous  Acid.  S. 

Sulphat  of  Potafh.  D.  & S. 

Soda.  D.  & S. 

Barytes.  D. 

Alumine.  S. 

Strontian.  D. 

Alum.  D.  & S. 

Nitrat  of  Potaflr.  D.  & S. 

Ammonia.  D. 

— Barytes.  S. 

Strontian.  S. 

Muriat  of  Soda.  D.  & S. 

Ammonia.  D.  & S. 

Strontian.  S. 

■ Barytes.  S. 

Lime.  D.  &S. 

Alumine.  S. 

Gxymuriat  of  Potafh.  D. 

Phofphat  of  Soda.  D.  & S. 

• ^ — Ammonia.  D, 

Acetite  of  Barytes.  S. 

— Alumine.  S. 

Oxalat  of  Ammonia.  S. 

Cream  of  Tartar.  D. 

Crude  Tartar.  D. 

Tindture  of  Galls 
Borax.  D.  &^S. 

Ditto,  vitrified 

Fluat  of  Ammonia.  S. 

Succinat  of  Ammonia.  S, 

Prufliat  of  Potafh,  pure  and  dry 
(This  fhould  be  kept  in  the  dark) 

PrufTiat  of  Lime.  S. 

Plafter  of  Paris 
White  M.arble 
Bone-Afh 
Fluor  Spar 
Potafli,  pure.  S. 

Ditto,  common  cauflic.  S. 

Pearlafh.  D.  & S. 

Salt  of  Tartar.  D.  & S. 

Super-Carbonat  of  Potafh.  D. 

Carbonat  of  Soda.  D.  & S. 

Ditto  fully  dried 

Ammonia,  jmre 

Carbon^.t  of  Ammonia.  D.  & S. 
Super-Carbonat  of  ditto.  D. 

Lioie 

J-iime-watej* 


Barytlc-water 

Strontian-water 

Carbonat  of  Magnefia  . . 

Hydro-fulphurette,d  Water  ' ^ ' i 

Hydro-fulphuret  of  Soda.  S. , 

Ammonia.  S. 

Sulphuret  of  Pota'fli.  D.  • ■ t 

White  Arfenic.  D.  & S. 

Manganefe,  Black  Oxyd  of 
Mercury 

.Ditto,  Red  Oxyd  of 
Nitrat  of  Mercury.  S. 

Corrofive  Muriat  of  ditto.  D.  & S. 

Zinc,  in  flicks  and  granulated 
Tin  ditto  ditto 

Muriat  of  Tin 
Lead 

Minium  and  Litharge 
Nitrat  of  Lead.  S. 

Acetite  of. ditto.  S. 

Iron,  Filings,  Turnings,  Wire 

Sulphuret  of  Iron  for  Sulphuretted  Hyd.  Gaj 

Sulphat  of  Iron.  D.  & S> 

Ditto,  faturated  with  nitrous  Gas 
Muriat  of  Iron 
Copper,  Sheet,  Wire 
Nitrat  of  Copper.  D.&S. 

Silver,  Leaf  and  Wire 
Nitrat  of  Silver.  S. 

Sulphat  of  ditto.  S. 

Acetite  of  ditto,  S. 

Gold-leaf 

Nitro-muriat  of  Gold 

Platina  * 

Sulphur 

Phofphorus 

Alcohol,  concentrated  and  common 
Sulphuric  Ether 
Litmus  Tincture 

Turmeric  • 

Brazil  Wood 

Gall  Nut 

Catechu 

Ifinglafs 

Qlive.Oil 

Linfeed  Oil,  Drying 
Oil  of  Turpentine 
Black  Flux 

Diftilled  Water,  in  great  plenty. 

LAMPS.  A lamp  is  a moft  convenient 
article  of  chemical  apparatus  for  moderate  heat, 
on  account  of  the  fieadinefs  and  durability  of 
the  heat  which  it  gives;  and  a vaft  number  of 
experiments  may  be  performed  by  it.  The 
Argand  lamp  well  trimmed  will  bring  to  a 
Boiling  heat  a pint  or  two  of  liquid  in  a glafs 
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Of  metallic  veflel,  and  may  therefore  be  ufed 
lor  numerous  diftillations,  particularly  in  thofe 
cafes  where  the  reft  of  the  apparatus  is  requi-ed 
to  be  kept  cool.  To  increafe  the  heat  of  this 
lamp  fome  ingenious  avtifts  have  invented 
double  concentric  wicks,  wh.ch  renders  it  equal 
to  a fand-heat,  but  the  fupports  of  the  wicks 
are  apt  to  be  out  of  order,  owing  to  the  fufion 
of  the  folder.  Smaller  lamps  are  aifo  required, 
and  for  thefe,  alcohol  is  a very  valuable  fuel,  as 
its  flame  is  perfe6tly  clean. 

MATRASS.  This  is  a thin  glafs  veflel  of 
the  fhape  of  a flalk,  which  will  bear  a lamp- 
heat  at  bottom  without  breaking.  It  is  either 
round  at  the  bottom  as  in  Fig.  57.  a.  or  flattened 
a little.  Fig.  48.  Fig.  18.  PI.  I.  is  a very  ufeful 
fmall  matrafs  of  about  2 ounces  capacity. 

MORTAR.  This  is  a moft  eflential  article 
in  a laboratory,  to  reduce  to  powder  a variety  of 
fubftances,  and  the  material  of  which  it  is  made 
is  of  confiderable  confequence.  Very  hard 
bodies,  fuch  as  the  gems,  quartz-cryftal,  &c, 
can  only  be  ground  to  powder  in  a mortar* of 
agate,  or  flint,  or  fome  other  hard  filiceous  ftone. 
They  muft  previoufly  however  be  crulhed  itito 
fragments,  either  in  a fteel  mortar,  or  wrapped 
up  in  many  folds  of  ftrong  paper,  and  bruifed 
on  an  anvil  with  a heavy  hammer.  The  frag- 
ments are  then  colledled,  and  put  into  the  flint 
mortar  with  a little  water,  and  a very  long 
continued  friftion  is  required  to  bring  it  to  an 
impalpable  powder.  It  ftiould  always  be  re- 
membered that  when  a very  hard  body  is  ground 
to  powder,  the  friftion  wears  the  mortar  as 
well  as  the  fubftance  pulverized,  confequently 
for  delicate  experiments  it  is  neCeflary  to  weigh 
the  mortar  before  and  after  the  procefs,  and 
allow  for  the  lofs  of  weight  by  an  equivalent' 
addition  to  the  powder  obtained.  Hence  too 
the  compofition  of  the  mortar  itfelf  fhould  pre-- 
vioufly  be  known,  and  by  the  analyfis  of  Klap- 
roth it  appears  that  black  flint  and  agate  are  fo 
nearly  pure  filex,  that  the  minute  quantity  of 
their  other  conftituent  parts  may  be  entirely  ne- 
gledled. 

For  grinding  fubftances  of  moderate  hard- 
nefs,  fteel  mortars  with  very  fmooth  peftles  of 
the  fame  materials,  are  kept  in  fome  of  the 
fhops.  Very  ufeful  mortars  are  alfo  made  of 
call  iron,  which  are  very  hard,  but  are  not 
finilhed  quite  fo  fmooth  as  thofe  of  fteel  Large 
mortars  of  this  kind  are  ufed  by  the  druggifts 
for  pounding  barks,  woods,  &c.  and  to  leflen 
the  manual  labour,  the  peftle  is  faftened  to  the 
end  of  a flexible  wooden  pole,  which  hangs 
over  the  mortar,  by  the  elafticity  of  which  the 
VOL.  II. 
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peftle  is  lifted  up  again  to  the  proper  height 
after  the  ftroke  is  made.  For  ligl  ter  purpofes 
very  good  mortars  are  made  of  bell-metal,  with 
peftles  either  of  the  fame  or  of  iron.  T hefe  are 
caft  very  fmooth  fo  that  the  material  to  be 
pounded  does  not  ftick  to  the  fides.  Moft 
neutral  falts  may  be  conveniently  pulverized  in 
them,  but  their  chemical  adfion  on  the  copper 
ought  to  be  kept  in  mind,  as  (for  example)  if 
fal-ammoniac  is  left  for  fome  hours  in  a bell- 
metal  mortar  it  becomes  green  by  the  oxyd  of 
copper  which  it  diflTolves.  Thefe  mortars  are 
often  fitted  with  wooden  covers,  perforated  to 
admit  the  peftle,  fo  as  to  prevent  fragments 
from  flying  out  by  the  ftroke. 

Mortars  afe  alfo  made  of  marble,  glafs,  and 
Wedgwood  ware.  The  latter  are  highly  ufe- 
ful, being  very  hard,  fmooth,  and  not  acted  on 
by  any  chemical  reagent.  They  will  readily 
break,  however,  by  a fmart  blow. 

MUFFLE.  PI.  I.  Fig.  30.  A muffle  is  a 
vaulted  flat-bottomed  earthen  veflel,  intended  to 
be  put  in  the  midft  of  a furnace,  of  proper 
conftru£l:ion,  fo  as  to  afford  a fpace  ftrongly 
heated,  but  prote£led  from  the  a£tual  contact 
of  the  fuel,  in  which  fmall  veflels  of  any  kind 
may  be  fet.  The  muffle  is  entirely  open  at  one 
end,  and  clbfed  at  the  other,  and  it  has  fome- 
times  fmall  fide  flits,  to  allow  the  freer  accefs 
of  the  hot  air.  It  is  always  fet  in  a furnace 
with  the  open  end  dire£Ily  oppofite  a fide  door, 
of  the  fame  arched  fiiape,  and  which  it  touches, 
fo  as  to  prevent  any  of  the-  fuel  from  getting  in. 

The  door  for  this  purpofe  is  feen  in  PI. 
VIII.  Fig.  77.  & ^9.  d.  and  Fig.  83.  e.  The 
muffle  will  juft  llidfe  in  and  out  of  thefe  open- 
ings with  eafe,  and  iron  bars  or  fome  other 
kind  of  fupport  are  placed  in  the  furnace  to 
keep  it  at  the  proper  level.  When  the  fub- 
ftance in  the  maiffle  is  to  be  heated  without 
accefs  of  air  the  ftopper  of  the  furnace  may  be 
thruft  in  upon  it ; but  when  a current  of  heated 
air  from  without  is  wanted  to  pafs  through  the 
muffle,  which  is  the  cafe  in  allaying,  the  ftop- 
per  of  the  furnace  mult  be  removed,  and  inftead 
of  it  a fmall  iron  plate  (like  the  flat  part  of  a 
fnovel  with  the  edges  a little  turned  up)  is 
fixed  on  a level  with  the  bottom  of  the  opening, 
on  which  are  heaped  a number  of  long  pieces 
of  charcoal  to  block  It  up.  Thefe  prefently 
kindle  by  the  heat  of  the  furnace,  fo  that 
the  air  which  pafles  freely  between  them 
into  the  muffle  is  heated  in  its  palfage,  and  the 
muffle  may  be  cooled  at  pleafure  by  taking 
away  fome  of  the  pieces  of  charcoal.  The  fmall  • 
3.Y- 
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^crucibles  ufed  for  aflaying,  are  called  Cupels, 
Fig.  28.  & 29. 

NOOTH’s  APPARATUS.  See  Gas  Satu- 
rating Apparatus , 

OXYGEN  Comhujlion  in.  A velTel  very  con- 
venient for  this  purpofe  is  fhewn  in  Fig,  64.  c. 
and  is  defcribed  under  the  article  Gazometer. 

PELICAN.  PI.  II.  Fig.  38.  This  is  an  old 
inftrument  now  little  ufed,  intended  for  long 
digeftio.ns  on  a fand-bath,  or  other  heat,  with 
a contrivance  for  conftantly  returning  on  the 
materials  at  the  bottom  all  the  liquid  of  the 
menftruum  which  would  otherwiie  evaporate 
by  the  heat.  It  is  therefore  a glafs  alembic,  in 
which  there  are  two  pipes  that  colle£l:  the  dif- 
tilled  liquor,  and  again  enter  the  lower  veflel. 
The  fmall  apparatus  at  Fig.  37.  is  for  the  fame 
purpofe,  and  is  more  convenient.  Its  con- 
flruOlion  is  obvious. 

PNEUMATIC  TROUGH.  See  Trough. 
Ptieumatic. 

PRECIPITATING  GLASS.  PI.  I.  Fig.  20. 
This  is  a very  tall  jar  with  a narrower  part  at 
the  bottom,  in  which  any  precipitate  when 
produced  may  colleH:  by  fubfidence,  and  allow 
of  the  fupernatant  liquor  to  be  decanted  off  with 
more  eafe.  It  is  alfo  a very  ufeful  glafs  in 
which  to  float  the  Hydrometer. 

PROOF-BOTTLE.  PI.  I.  Fig.  13.  14.  15. 
This  is  a glafs  phial  for  procuring  gafles,  made 
thin  and  round  at  bottom,  fo  as  to  bear  mode- 
rate heat,  and  with  a bent  tube  clofcly  ground 
to  it  for  conveying  the  gas  under  any  inverted 
velTel.  It  has  befides  fometimes  another  open- 
ing folely  for  introducing  the  materials.  This 
velfel  is  very  ufeful  for  experimental  pur- 
pofes,  where  only  moderately  fmall  quanti- 
ties of  gaffes  are  wanted,  and  from  materials 
that  require  no  greater  heat  than  a fmall  fpirit 
lamp  or  candle  will  produce.  It  is  an  improve- 
ment on  the  original  clreap  apparatus  of  Dr. 
Prieftley,  namely,  a phial  with  a piece  of  bent 
glafs  tube  thruft  through  the  cork  and  properly 
.cemented.  This  latter  however  will  often 
anfwer  every  end,  efpeclally  where  no  artifi- 
cial heat  is  wanted,  as  in  obtaining  hydrogen 
from  muriatic  acid  and  zinc.  It  may  be  ufeful 
to  mention,  that  corks  are  moft  conveniently 
perforated,  and  the  hole  made  very  fmooth  and 
neat,  by  the  rat-tailed  file.  The  joining  of  the 
tube  and  the  cork  may  be  made  quite  air-tight 
by  fealing-wax. 

PYROVIEITR.  (Wedgwood's).  See  the 
Article  Pyrometer  in  the  former  part  of  this 
work. 

^ RECEIVER,  is  a globe-fliaped  veflel,  either 


plain  or  tubulated,  ufed  in  the  procefs  of  difiil- 
lation.  It  receives  the  beak  of  the  retort,  ox  the 
adopter,  if  this  is  ufed.  See  PI.  I,  Fig.  4.  PL  III. 
Fig.  42,  b.  PI.  IV.  Fig.  59.  d. 

RECIPIENT,  Italian,  is  a velTel  like  a tea- 
pot, intended  for  the  feparation  of  effenlial  oils 
from  the  watery  liquor  on  which  they  float. 

REFRIGERATORY  is  that  part  of  a Dfi- 
tilling  Apparatus  when  the  vapour  is  cooled  and 
condenfed.  In  the  Alembic  it  is  at  the  top  of 
the  apparatus  *,  in  the  common  Still  it  is  the 
W orm-tub.  See  Dijlilling  Apparatus. 

RETORT  is  the  common  and  moft  ufeful 
inftrumeMt  for  Difiillation . See  PL  I.  Fig.  2,  5, 
1 1.  Retorts  with  very  long  narrow  necks  Fig.  I. 
are  made  for  heating  thofe  fubftances  which  are 
intended  to  yield  any  of  the  gaffes,  for  here  no 
width  of  veffel  is  wanted  for  the  condenfation 
of  vapours,  and  the  narrownefs  of  the  neck 
allows  but  little  admixture  of  the  external  air. 
Retorts  are  made  of  glaft,  earthen-ware,  and 
fometimes  of  iron  or  filver.  A leaden  retort  is 
ufed  for  procuring  fluoric  acid. 

REVERBERATORY  FURNACE.  See 
Furnace, 

SAND-BATH.  See  Bath. 
SERPENTINE  or  WORM.  See  Distil- 
LING  Apparatus. 

SOLAR  HEAT.  ( Apparatus  for).  A very 
elegant  and  often  moft  convenient  method  of 
applying  heat  is  by. the  fun’s  rays  through  the 
means  of  a powerful  lens  or  mirror.  It  unites 
the  great  advantages  of  fimplicity  and  extreme 
power,  and  has  been  employed  moft  happily  by 
Dr.  Prieftley  and  other  philofophers  in  fcveral 
important  experiments.  Where  the  fubftance 
to  be  heated  is  to  be  at  the  fame  time  debarred 
from  the  accefs  of  the  external  air,  theveffel  muft 
be  thin  clear  glafs,  that  the  cone  of  rays  may 
be  tranfmltted  through  wfith  as  little  lofs  as 
poffible.  The  heat  produced  by  the  moft 
powerful  glafles  (fuch  as  that  of  Mr.  Parker) 
appears  fully  to  equal,  in  a fmall  fpace,  th* 
effeT  of  the  blow-pipe  fed  with  oxygen  gas. 

SPECIFIC  GRAVITY,  Apparatus  for. 

Though  experiments  on  fpecific  gravity  do 
not  abfolutely  belong  to  chemiftry,  it  is  necef- 
fary  that  the  chemift  be  furniflied  with  the 
means  of  afeertaining  the  fpecific  gravity  of 
both  folids  and  fluids  with  tolerable  accuracy, 
as  it  affifts  much  in  many  chemical  enquiries, 
and  the  efiedl  of  acids,  alcohol,  and  fome  other 
reagents  very  materially  depend  on  their  degree 
of  concentration  which  is  known  by  their  den- 
fity  or  tenuity.  Therefore  the  fcales  which  the 
chemift  employs  Ihould  allow  to  be  ufed  hydro- 
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ftatically,  or  elie  he  (hould  be  provided  with  an 
hydrometer,  of  which  Mr.Nicholfon’s  (or  that  in 
which  the  point  of  immerfion  is  fixed)is  by  far  the 
beft.  The  fpecific  gravity  of  fluids  may  alfo  be 
very  conveniently  taken  in  the  following  way  : 
take  a fmall  light  bottle  that  Hands  firmly,  and 
holds  an  ounce  or  two,  or  more,  of  water,  the 
neck  of  which  is  flopped  by  a piece  of  baro- 
meter tube  very  accurately  ground.  Then 
counterpoife  the  empty  bottle,  and  afterwards  fill 
it  entirely  with  diftilled  water  at  6o°  recently 
boiled,  till  it  rifes  a little  in  the  bore  of  the 
tube  and  find  the  weight.  For  greater  eafe  in 
calculation  it  will  be  as  well  (if  it  can  be  done) 
to  bring  the  water  exactly  to  that  height  in  the 
tube,  at  which  its  weight  will  be  500  grains, 
or  1000,  or  1500,  or  2000,  3cc.  but  this  is  not 
effential.  Then  mark  the  height  moll  accu- 
rately with  a fine  file  on  two  oppofite  Tides  of 
the  tube,  and  icratch  on  the  bottle  the  weight 
both  of  the  bottle  and  tube  when  empty,  and 
of  the  quantity  of  water  requifite  to  fill  it  to 
the  mark.  This  will  then  ferve  for  the  fpecific 
gravity  of  all  other  fluids,  as  pure  water  is  the 
flandard  of  comparifon  for  all  bodies  folid  as 
well  as  fluid. 

STILL.  See  Distilling  Apparatus. 

THERMOMETER.  Several  varieties  of 
thermometer  are  made  for  philofophical  pur- 
pofes,  and  in  many  experiments,  particularly  all 
thofe  conne£led  with  the  fubjeft  of  caloric,  it 
is  necelTary  to  be  well  provided  with  them.  To 
take  in  the  entire  range  of  thermometrical  tem- 
perature from  the  moll  intenfe  artificial  cold  to 
the  boiling  point  of  mercury  requires  a very 
long  tube;  but  formoft  chemical  purpofes  it  is 
fufficiently  high  if  it  is  graduated  to  about  10 
degrees  above  the  boiling  point,  which  will 
reach  the  temperature  of  mofl  faline  folutions 
when  boiling. 

For  exneriments  on  intenfe  cold,  it  is  necef- 
fary  to  have  a fpirit  thermometer  graduated 
about  100°.  below  e.  and  the  lower  extremity 
of  the  fcale  fhould  be  at  fome  diftance  from 
the  bulb,  that  the  temperature  may  be  obferved 
without  lifting,  the  bulb  out  of  ai:iy  deep  velTel 
that  may  contain  the  freezing  mixture.  The 
moft  delicate  and  fenfible  thermometers  are 
made  with  a very  fmall  bulb,  fcarcely  larger 
than  the  ftem,  and  a tube  of  an  extremely  nar- 
row bore,  not  larger  than  a horfe-hair.  For 
chemical  purpofes  alfo  the  fcale  fhould  either  be 
feratched  on  the  glals  itfelf,  or  as  this  is  diffi- 
cult to  be  feen  in  a common  light,  an  ivory 
fcale  fhould  be  attached,  without  reaching  fo 


low  as  the  bulb,  that  the  latter  may  be  fafel/ 
immerfed  in  acid  or  corrofive  liquors. 

The  thermometer  fcale  has  been  differently 
divided  by  the  original  conftru£\:ors,  which 
often  caufes  a good  deal  of  trouble  in  compa- 
ring refults  of  experiments  made  in  different 
countries.  Three  fcales  are  principally  ufed  : 
FMhi-enheifsy  which  is  employed  in  this  country, 
in  which  the  o.  is  32  degrees  below  the  freezing 
point  of  water,  and  the  interval  between  o.  and 
the  boiling  point  of  water  is  divided  into  212 
degrees,  and  confequently  the  freezing  point  of 
water  is  32®  : Reaumur's,  which  has  the  o.  at  the 
freezing  point  of  water,  and  divides  the  inter- 
val between  this  point  and  the  water-boiling 
heat  into  8e  degrees  : and  Celfius's,  originally 
ufed  in  Sweden,  and  fmee  adopted  in  France 
Under  the  name  of  the  Centigrade,  which  has, 
like  Reaumur’s,  the  ®.  at  the  freezing  point  of 
w'ater,  but  divides  the  interval  between  this  and 
water-boiling  heat  into  i*o  degrees.  The  reafon- 
why  Fahrenheit  fixed  his  fcale  fo  far  below  the 
water-freezing  point  was  founded  on  an  erro-- 
neous  hypothefis  relative  to  the  real  zero  or 
point  of  abfolute  privation  of  heat ; but  however 
it  has  this  advantage  over  the  two  others,  which 
is,  that  the  diftinftion  between  the  pofitive 
and  negative  terms  (or  which  exprefs  degrees 
above  or  below  the  zero)  much  lefs  frequently 
occurs  in  any  experiments,  and  fcarcely  ever' 
in  the  regifter  of  natural  cold  in  femperate  cli-- 
mates,  by  which  many  accidental  errors  are 
avoided. 

In  Appendix  IL  we  have  given  the  corref- 
ponding  degrees  of  thofe  three  thermometers, 
by  which  the  reader  may  at  once  tranflate  the 
degrees  of  Reaumur’s  and  Celfius’s  into  the 
equivalent  of  Fahrenheit,  or  vice  verfa.- 
* # # #•  * 

A very  ingenious  themiomcter  has  been  in- 
vented by  Mr.  Leflie,  which  he  calls  a Differ- 
ential Thermometer,  as  it  exprelfes  not  the 
abfolute  degree  of  heat,-  but  the  difference 
when  any  exills)  between  the  temperature  of 
the  two  fpots  where  its  two  bulbs  are  placed. 
Its  ule  is  explained  under  the  article  Caloric, 

The  diflerential  thermometer  (PI.  IV.  Fig. 
54.)  is  made  In  the  following  way:  felctf  two 
thermometer  tubes  with  bores  rather  wider 
than  ufual,  and  one  a little  wider  than  the  other. 
Let  the  balls  be  blown  as  equal  as  the  eye 
can  judge  and  from  .4  to  .7  of  an  inch  in  dia- 
meter, and  let  the  open  end  of  the  tube  alfo  he 
widened  In  a flight  degree.  The  tubes  muff;  be 
of  unequal  length,  the  longed  being  nearly 
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twice  the  length  of  the  other.  Then  Introduce 
into  the  longer  tube  a little  fulphuric  acid 
tinged  with  carmine,  fufficient  to  fill  about  an 
inch  of  its  cavity,  join  the  two  tubes  together 
by  the  blow-pipe,  and  v/hen  joined,  bend 
them  in  the  form  of  the  letter  U.  with  the 
bulbs  about  3 or  4 inches  afunder,  making 
one  flexure  juft  below  the  jun6ture  of  the 
two  tubes,  where  the  fmall  cavity  (which  is 
reprefented  in  the  plate)  facilitates  the  adjuft- 
ment  of  the  inflrument,  which  by  a little  dex- 
terity is  performed  by  forcing  a few  globules  of 
air  by  the  heat  of  the  hand  from  one  bulb  to 
the  other.  Attach  a graduated  fcale  to  the 
fhorter  tube,  making  the  zero  about  the  middle 
of  it,  and  adjufl  to  it  the  quantity  of  air  in  each 
bulb,  fo  that  M'hen  the  bulbs  are  at  the  fame 
temperature,  the  upper  furface  of  the  coloured 
liquor  may  juft  correfpond  with  the  zero. 
Sulphuric  acid  is  chofen  as  the  liquor  interpofed 
between  the  bulb,  on  account  of  its  bearing 
any  heat  or  cold  that  would  be  ufed  without 
being  evaporated  or  congealed. 

In  this  inftrument  the  air  inclofed  in  the 
bulbs  is  the  fubftance  which,  by  its  expanfion 
orcontradfion,  caufes  the  motion  of  the  coloured 
liquor  up  or  down  the  fcale,  and  as  gaffes  are 
much  more  expanfible  than  liquids,  the  inftru- 
ment Is  fooner  affedfed  by  minute  changes  of 
heat.  But  as  the  two  bulbs  are  of  equal  fize, 
and  both  filled  with  air,  and  feparated  from 
each  other  by  the  intervening  liquor,  it  Is  ob- 
vious that  when  the  temperature  is  the  fame  in 
each  bulb,  be  it  high  or  low,  the  prefl'ure  on 
each  fide  of  the  liquor  is  alfo  equal,  and  it  muft 
remain  ftationary ; fo  that  it  can  only  move 
when  one  bulb  is  warmer  than  the  other. 
Hence  the  particular  and  foie  ufe  of  this  inftru- 
ment as  a Differential  Thermometer.  The  lower 
part  of  the  inftrument  (or  the  fpace  included 
between  the  two  bends)  is  cemented  to  an 
upright  ftem  by  which  it  is  fupported. 

TROUGH.  Pneumatic. 

In  all  the  common  operations  of  receiving 
and  transferring  gafles  they  are  held  in  jars,  or 
other  veffels,  previoully  filled  with  water,  and 
inverted  over  this  fluid.  It  is  therefore  neceffary 
to  have  fome  kind  of  v/ater-vellel  large  and  deep 
enough  entirely  to  immerfe  the  air-jar,  that 
every  particle  of  common  air  may  be  difplaced 
by  the  water  before  it  receives  the  gas  to  be 
operated  on.  Dr.  Prieftley’s  firft  water  trough 
Sor  this  purpofe  was  a common  oval  or  round 
tub,  but  as  a jar  full  of  air  ftanding  inverted 
.over  water  and  immerfed  in  it  for  any  depth, 
Avpuid  readilj  be  overfet  by  the  prefl'ure  of  the 


water,  this  ingenious  philofopher  adapted  t 
fmall  hanging  flielf  fufpended  from  the  fides  of 
the  tub,  and  finking  below  the  level  of  the 
water,  only  juft  fufficient  to  confine  the  gas  in 
any  jar  ftanding  upon  it.  This  plan  has  been 
adopted  with  fome  little  improvements  in  the 
p eumatic  water  troughs  commonly  ufed,  of 
which  Fig.  49.  PI,  IV.  is  one  of  the  moft 
convenient  kinds,  a is  a deep  oblong  trough 
made  of  thin  tinned  iron  well  japanned,  ge- 
nerally 18  inches  long,  9 broad,  and  14  deep. 
About  3I  inches  from  the  top  is  a ftielf  of  the 
fame  material,  extending  entirely  acrofs  the 
trough,  and  rather  more  than  a third  of  its 
length,  and  fixed  in  its  fituation  when  required 
by  two  ftrong  wires.  This  ffielf  is  given  in- 
verted in  Fig.  50.  to  ffiew  an  oval  rim  pro- 
jecting from  it,  in  the  center  of  which  are  two 
fmall  holes,  the  ufe  of  which  is  to  fecure  and 
convey  the  gas  into  any  veffel  fet  upon  it  (as 
the  bottle  in  Fig.  49).  This  ffielf  has  alfo  two 
larger  holes  to  receive  two  bottle  fupporters. 
Fig.  51.  &c  h.  Fig.  49.  A trough  of  this  fize 
and  conftruction  is  very  light  when  empty,  and 
large  enough  for  moft  operations. 

Fig.  52.  is  a convenient  trough  for  exhibiting 
experiments  in  the  lecfture  room.  It  is  Amply 
a circular  pan,  18  inches  in  diameter,  with  a 
loofe  femicircular  ffielf  fupported  to  the  requi- 
fite  height  on  three  conical  legs,  on  which  a 
bell  receiver  is  reprefented  ftanding.  This  pan 
is  however  too  ffiallow  to  allow  of  any  large 
veffel  to  be  immerfed,  fo  that  it  muft  be  pre- 
vioufly  immerfed  in  a deeper  trough,  and  con- 
veyed hither  upon  a plate  or  faucer. 

Fig.  53.  is  a Mercurial  Pneumatic  Trough, 
which  is  indifpenfible  in  moft  experiments  on 
gaffes  abforbable  by  water.  It  may  be  made 
either  of  a clofe  hard  wood  fuch  as  mahogany, 
or  cut  out  of  a block  of  ordinary  marble  or  free- 
ftone,  or  as  is  now  more  common,  it  is  a thin 
iron  cafe  inclofed  in  wood.  When  made  of 
wood  it  is  often  hollowed  out  of  a fmgle  piece, 
but  if  grooved  and  very  neatly  rabitted,  it  will 
anfwer  nearly  as  well.  In  any  cafe  it  ffiould 
alfo  ftand  on  a fiiallow  wooden  or  iron  diffi  to 
catch  the  mercury,  fome  of  which  is  always 
fpilling  whatever  care  be  ufed. 

Thefe  mercurial  troughs  muft  be  made  very 
folld  to  bear  the  great  weight  of  metal  that  is 
required  even  for  a very  moderate  fized  veffel, 
and  for  the  fame  reafon  and  to  fave  the  great 
expence  of  the  metal,  they  are  always  made 
much  fmaller  than  the  water  troughs.  This 
will  not  appear  an  indifferent  obje£l  when  it  is 
confidered  that  half  a hundred  weight  of  this 
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metal  will  not  occupy  a fpace  greatei*  than  about 
two  quarts,  which  is  but  a very  fcanty  allow- 


poles. 

In  order  ftlll  more  to  economize  room  and 
confequently  mercury,  only  one  fide  of  the 
trough  is  funk  deep  (as  fliewn  at  a by  the 
dotted  line  in  the  plate)  being  equally  conveni- 
ent for  the  immerfion  of  a jar.  The  fhelf  in 
a trough  of  this  conftruftion  is  on  each  fide  of 
the  well.  It  is  ufeful  alfo  to  have  an  iron  ftem 
fupporting  a femicircular  clip,  fcrewed  or  other- 
wife  fattened  into  the  fubftance  of  the  trough 
a little  beyond  the  deep  circular  part  of  the 
well,  to  fupporfa  jar  when  inverted  and  heavy 
with  mercury.  A fmalt  glafs  tube  open  at 
both  ends  and  drawn  out  capillary  at  one  ex- 
tremity, is  an  ufeful  addition  to  this  apparatus, 
to  enable  the  operator  to  fuck  up  and  colle£t 
the  fmall  globules  of  mercury  which  will  always 
be  fcattered  about  during  thefe  experiments. 

TUBE  OF  SAFETY.  (Fig.  6o).  See 
Woulfe’s  Apparatus. 

WATER  BATH.  See  Bath  and  Alembic. 

WELTER’S  TUBE,  or  Tube  of  Safety. 
WORM  TUB.  See  Distilling  Appa- 

RATUS. 

WOULFFs  APPARATUS.  The  inven- 
tion of  this  apparatus  forms  almoft  an  sera  in 
chemical  difcovery,  fo  great  and  various  is  its 
utility.  Before  it  was  known,  the  only  velTels 
that  chemifts  employed  for  diftillations  were,* 
either  the  alembic  with  its  refrigeratory,  or  the 
retort  with  its  receiver.  The  former  was  de- 
voted almoft  exclufively  to  the  diftillation  of 
thofe  fluids  which  are  readily  condenfed  by 
cooling,  and  are  not  attended  with  the  pro- 
duction of  much  permanently  elaftic  or  difii- 
cultly-condenfible  vapour,  fuch  as  water  im- 
pregnated with  the  aromatic  parts  of  vegetables, 
alcohol,  &c.  whilft  the  retort  with  its  glafs 
receiver,  was  referved  for  the  diftillation  of  the 
ftronger  acids,  and  other  fubftances  accompa- 
nied by  much  uncondenfible  vapour.  But  here 
a great  inconvenience  fubfifted,  for  either  en- 
ormoufly  large  receivers  were  required,  or  a 
confiderable  number  of  tliem  with  double  open- 
ings like  aludels,  or  elfe  it  was  neceflary  to 
avoid  the  rupture  of  the  veflels  by  having  a 
fmall  hole,  which  could  be  opened  occafionally, 
when  the  quantity  of  confined  vapour  was 
judged  to  be  too  great.  But  even  this  did  not 
anfwer  the  purpofe  of  the  chemift  compleatly, 
for  much  of  the  vapour_given  out  during  thefe 
’diftillations,  is  only  uncondenfible  for  want  of 


finding  water  or  fome  other  fubftance  with 
which  it  may  unite,  fo  that  a large  proportion 
of  the  products  of  diftillation  were  totally 
wafted.  In  experiments  of  refearch  too  the 
old  apparatus  was  peculiarly  defective,  as  the 
gafleous  products,  which  are  often  by  far  the 
moft  interefting,  were  entirely  loft. 

Glauber  M’-as  aware  of  many  of  the  defeCts 
of  the  old  apparatus,  and  as  early  as  about 
the  year  1655,  gave  a very  ingenious  method 
of  fubftituting  to  the  feries  of  perpendicular 
aludel-ftiaped  receivers,  a lateral  feries  of  plain 
ftone  or  earthen  jars,  each  connected  with  the 
other  by  earthen  tubes  bent  at  right  angles, 
and  the  covers  of  each  jar  having  two  holes, 
one  to  receive  the  tube  bringing  the  vapour 
from  the  adjoining  jar  or  the  retort,  and  the 
other  for  the  pafl'age  of  the  tube  which  con- 
veyed the  excefs  of  this  vapour  into  the  next 
in  fucceffion.  This  arrangement  is  precifely 
that  of  the  bottles  of  the  modern  Woulfe’s 
apparatus,  but  the  jars  which  Glauber  ufed 
were  empty,  and  fet  in  a larger  veflel  full  of 
cold  water,  fo  as  to  be  kept  always  cool.  (See 
Glauheri  Opera,  Vol.  3.  Furni  Novi  Philofophici 
five  Defcriptio  Artis  Difillatoria  Nova.  Pars. 

The  great  Improvement  made  to  this  appa- 
ratus by  the  late  Mr.  Woulfe,  * was  to  fill 
thefe  lateral  veflbls  with  water,  into  which  he 
dipped  the  extremity  of  each  tube,  bringing 
into  it  the  uncondenfed  part  of  the  vapour,  by 
which  means  a vaft  quantity  of  produCt  is  faved, 
which  even  in  Glauber’s  method  could  not  be 
ultimately  detained ; fo  that  by  having  a fuffi- 
cient  bulk  of  water  in  one  or  more  of  thefe 
lateral  veflels,  no  part  of  the  produCl  can 
efcape  detention  except  that  which  cannot 
condenfe,  either  alone  or  when  paflied  through 
any  liquid.  Even  this  too  may  readily  be  faved, 
by  adding  to  the  laft  in  the  feries  of  bottles  a 
curved  tube,  which  conveys  the  gas  to  the 
pneumatic  trough  or  gazometer,  where  its  na- 
ture may  be  examined. 

Inftead  of  having  the  mouths  of  the  lateral 
bottles  wide  enough  to  admit  both  tubes  (that 
is,  the  one  which  brings  the  vapour  into  the 
bottle,  and  the  other  which  conveys  the  uncoa- 
denfed  part  of  it  out  of  the  bottle)  it  is  a great 
improvement  to  have  the  bottles  blown  with 
two  openings,  as  in  g and  / Fig.  59,  and  fome- 
times  a third  is  added  as  in  a Fig.  58,  for  a par- 
ticular purpofe  which  will  be  prefently  men- 
tioned. 

The  efiential  parts  of  this  apparatus  therefore 
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are,  a Retort  or  any  other  vcflel  in  which  the 
materials  are  heated  ; a Receiver  to  detain  that 
part  of  the  produ£t  which  is  condenfible  by 
mere  cooling  ; and  a bent  Tube  proceeding  from 
the  receiver  to  the  bottom  of  a bottle  placed  by 
its  fide,  and  full,  or  nearly  fo,  of  water,  or  any 
other  liquid.  If  more  than  one  bottle  is  em- 
ployed, thefe  are  ranged  fide  by  fide,  and  con- 
nefted  with  each  other  by  bent  tubes,  each  of 
which  proceeds  from  the  top  of  the  bottle  im- 
mediately preceding,  and  plunges  to  the  bottom 
of  the  liquid  of  the  bottle  next  in  order.  Every 
part  of  the  apparatus  is  air-tight  except  the  end 
the  furthell  trom  the  retort,  fo  that  every  par- 
ticle of  vapour  or  gas  has  to  traverfe  the  whole 
feries  of  veflels,  and  to  pafs  through  the  liquid 
in  every  one  of  the  bottles  before  it  efcapes  into 
the  air ; and  thus  if  at  all  condenfible  by  the 
liquid  ufed,  it  can  hardly  efcape  condenfation. 

Another  part  however  is  necelTary  to  the  per- 
fedlion  of  this  apparatus.  When  the  diftillation 
is  nearly  over,  and  the  produftion  of  gas  or 
vapour  flackens,  or  ceafes  altogether,  a degree 
of  vacuum  is  always  made  in  the  retort,  owing 
to  the  cooling  of  the  elaftic  vapour  which  it 
contains.  This  circumflance  caufes  a fimilar 
vacuum  in  the  receiver,  to  fill  which,  a ftrong 
abforption  or  fuftion  of  the  liquid  takes  place 
from  the  firll  bottle  back  into  the  receiver 
through  the  bent  tube  that  dips  into  the  bottle. 
This  again  caufes  an  equal  vacuum  in  the  firft 
bottle,  which  is  filled  by  abforption  of  fluid 
from  the  fecond  bottle  through  the  communi- 
cating tube,  and  fo  on  to  the  laft  ; fo  that  the 
moment  that  abforption  begins,  a retrograde 
motion  takes  place  through  the  whole  appara- 
tus. The  inconvenience  of  this  is  the  mixture 
of  the  produdfs  that  takes  place  ; for  if,  for 
example,  the  diftlllation  of  nitric  acid  is  the 
procefs,  after  the  materials  in  the  retort  have 
given  out  every  thing,  the  receiver,  which  was 
at  firft  left  empty,  contains  the  concentrated 
acid,  and  the  bottles  contain  water  ftrongly 
impregnated  with  nitrous  vapour.  But  the 
moment  that-  abforption  begins,  the  dilute 
liquor  of  the  firft  bottle  is  poured  into  the 
receiver,  which  makes  it  impofiible  to  colledf 
any  concentrated  acid,  unlefs  the  operator  is 
on  the  watch  to  loofen  the  luting  between  the 
retort  and  receiver  tl'.e  moment  he  perceives 
the  liquor  to  rife  in  the  bent  tube  between  the 
receiver  and  the  firft  bottle.  To  remedy  'this 
defedf  feveral  contrivances  have  been  adopted. 
The  inventor,  Mr.  Woulfe,  who  was  fully 
-aware  of  it,  employed  an  intermediate  vefl'el 
between  the  receiver  and  the  firll  water-botde 


which  was  left  empty,  and  into  which  the  bentr 
tube  from  the  receiver  was  immerfed  only  to  a 
fhort  depth,  in  confequence  of  which  when  the 
abforption  took  place  the  liquor  from  the  firft. 
bottle  was  poured  into  this  intermediate  bottle 
and  went  no  further.  This  contrivance  is  very 
ufeful  where  only  a Angle  water-bottle  is  em- 
ployed, but  where  more  than  one  is  ufed,  it 
is  obvious  that  the  liquors  contained  in  them 
mull  mingle,  though  they  all  keep  feparate- 
from  the  contents  of  the  receiver ; for  when 
any  of  the  liquor  of  the  firft  bottle  pafles  into 
the  intermediate  bottle,  an  equivalent  portion 
of  the  fecond  muft  pour  into  the  firft  bottle,  of 
the  third,  into  the  fecond,  and  To  on.  Another 
contrivance  (and  which  is  now  generally 
adopted)  is  to  prevent  the  abforption  altogether 
by  letting  in  the  external  air  to  fill  the  partial 
vacuum.  This  is  done  either  by  inferting 
ftraight  capillary  tubes  into  the  different  veflels, 
or  by  a curved  tube  of  particular  conftrudlioir 
invented  by  Welter,  and  called  Welter's  Tubes^ 
or  Tubes  of  Safety.  A Angle  example  of  the 
ftraight  tubes  is  fhewn  in  PI.  IV.  Fig.  58.  a 
is  a bottle  with  three  openings,  half  filled  with 
water,  which  receives  the  gas  or  vapour  from 
the  preceding  bottle,  or  from  the  receiver  ; the 
excefs  of  which  after  paffing  through  the  water 
of  a pafles  by  the  tube  d into  the  bottle  e,  and' 
which  is  only  loofely  flopped  ; c is  an  upright 
glafs  tube  with  a very  narrow  bore  which  juft 
dips  into  the  water  of  a.  Confequently,  when 
an  abforption  takes  place  in  the  receiver  and 
water  is  fucked  up  by  b,  it  immediately  finks 
the  level  of  fluid  in  a below  the  bottom  of  the 
tube  c,  which  then  gives  the  bottle  a a free- 
communication  with  the  air,  and  prevents  the- 
liquor  of  e from  paffing  into  it.  This  plan  of 
upright  tubes  may  be  adopted  for  every  bottle* 
of  the  apparatus,  and  it  is  convenient  from  its 
fimplicity,  and  any  perfon  may  fit  this  appara- 
tus for  himfelf  Amply  by  cutting  a piece  of 
glafs  tube  of  the  proper  length,  running  it 
tlirough  a perforated  cork,  and  luting  all  the- 
joinings.  It  has  however  the  great  inconveni- 
ence that  it  is  inapplicable  to  the  receiver  itfclf 
(which  is  precifely  the  place  where  it  is  moft* 
requifite  to  pre\*ent  the  abforption)  as  this 
veflel  is  quite  empty  at  firft,  and  the  quantity 
of  liquid  is  conftantly  increafing  ; and  indeed 
the  increafing  bulk  of  the  fluid  in  the  bottles  is 
an  objeiElion  to  this  method,  as  the  end  of  the 
tube  becomes  progreflively  lower  beneath  the 
level  of  the  fluid,  and  may  eafily  be  too  low  to 
acl  properly. 

The  Tube  of  Safety,  Fig.  60.  is  a Angle  glafs 
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tube  bent  as  reprefented,  and  with  a bulb 
blown  in  that  part  of  the  tube  that  lies  be- 
tween the  upper  and  lower  flexure.  It  has 
alfo  a fmall  funnel  at  the  top,  which,  however, 
is  not  very  eflential.  This  tube  is  fometimes 
employed  as  a ftopper  to  the  tubulure  of  the 
retort,  or  to  a feparate  opening  in  the  receiver, 
and  fometimes,  as  at yFig-  S9>  it  is  cemented, 
,by  melting,  into  the  tube  pafling  from  the 
receiver  to  the  firft  bottle.  Before  ufing  it,  a 
little  mercury  is  dropped  dowm  through  the 
funnel,  about  fufiicient  to  occupy  the  fpace  of 
the  tube  that  lies  between  the  two  lower  flex- 
ures, which  completely  fliuts  up  the  accefs  of 
the  external  air  whilft  the  diftillation  is  going 
on.  But  as  foon  as  any  vacuum  is  formed  in 
the  veflTel  to  which  it  is  attached,  the  mercury 
is  forced  up  by  the  preflTure  of  the  atmofphere 
into  the  bulb,  and  not  being  in  fufiicient  quan- 
tity to  fill  it,  the  external  air  pafies  by  it  in  this 
place,  and  ruflies  into  the  apparatus.  This 
very  ingenious  contrivance  unites  every  conve- 
nience, for  it  fupplies  air  to  the  vacuum  pre- 
cifely  in  the  place  where  abforption  begins,  and 
in  faft  it  renders  ufelefs  all  other  contrivance  to 
prevent  abforption  in  any  diftant  part  of  the 
apparatus.  The  only  obje£Hon  to  the  Welter’s 
tube  is  its  great  fragility,  more  efpecially  w'hen 
connefted  with  a conducing  tube  as  in  Fig.  59, 
which  when  firmly  ftoppered  or  luted  in  its 
place  is  liable  to  fnap  with  the  leaft  fliake,  and 
befides  a great  many  are  broken  in  the  making 
and  grinding  even  by  fkilful  artifts.  1 he  other 
parts  of  Fig.  59  are  obvious  by  mere  infpeflion. 
a is  an  iron  ftand  generally  furnifhed  with  three 
Aiding  rings  of  different  diameter,  one  of  which 
is  here  reprefented ; ^ is  a fmall  Argand  lamp, 
very  convenient  for  chemical  purpofes,  being 
flat  and  low  ; c is  a tubulated  retort ; a tubu- 
lated receiver,  ftanding  on  a convenient  wooden 
tripod  ir;  y is  the  conducing  tube  with  the 
Welter’s  tube  affixed  to  it.  The  receiver  d is 
left  empty  in  the  beginning  of  the  diftillation, 
and  the  vapour  which  ffoes  not  condenfe  there 
pafles  throughy  into  the  bottle  g,  and  through 
h into  the  bottle  i.  To  make  the  apparatus 
complete  for  experiments  of  refearch,  a bent 
tube  may  be  faftened  in  the  lateral  opening  of  ;, 
conducing  .to  a pneumatic  trough. 

Fig.  57  is  a fmall  apparatus  nearly  fimilar  to 
one  that  has  been  lately  fuggefted,  of  a feries  of 
Woulfe  bottles  without  luting,  in  which  the 
feveral  parts  have  confiderable  play,  fo  as  to 
avoid  any  ftrefs  on  the  thin  brittle  tubes  of 
which  it  is  compofed.  Only  a Tingle  fpeci- 
men  of  tlie  principle  aded  on  is  here  iiitroducedj 


which  is  in  the  veflel  d.  « is  a matrafs  ftanding 
on  one  of  the  rings  of  an  iron  ftand  ; ^ is  a 
bent  tube,  one  leg  of  which  is  cemented  into  the 
cork  of  a,  the  other  palTes  down  into  the  ffiort 
jar  d,  through  a much  wider  glafs  tube  c.  The 
lower  end  of  b ffiould  be  a little  curved,  fo 
that  any  bubble  of  gas  paffing  out  of  it  may 
clear  the  edge  of  the  tube  c and  pafs  up  into 
the  jar  t/,  and  both  b and  c dip  a little  way 
below  the  level  of  the  liquor  in  d.  The  gas 
then  pafles  out  through  e into  the  bottle  f and 
fo  on,  which  may  alfo  be  furniflied  with  a wide 
tube  fimilar  to  c,  through  which  the  lower  part 
of  e may  pafs.  In  all  the  common  Woulfe’s 
apparatus  there  is  a perpetual  rifle  of  breaking 
the  thin  conduding  tubes  from  the  circum- 
ftance  of  having  both  of  their  lower  extremities 
tightly  faftened  dowm  either  by  lutes  or  by 
grinding,  which  gives  a great  ftrefs  to  the 
middle  of  the  tube  unlefs  the  bottles  remain 
perfedly  upright,  and  exadly  at  the  proper 
diftance  from  each  other.  Whereas  in  this 
apparatus  only  one  end  of  the  conduding  tube 
is  fixed,  and  the  other  moves  at  eafe  within  the 
larger  tube  that  ferves  as  its  cafe,  and  any  part 
of  it  may  be  inftantly  withdrawn  and  put  on, 
again  without  deranging  the  reft.  The  larger 
tube  in  this  cafe  alfo  ferves  to  prevent  abforp- 
tion as  the  tube  e in  Fig.  58. 

Thus,  for  example,  if  it  Is  w'iflied  to  make 
liquid  oxymuriatic  acid  by  this  apparatus,  put 
the  manganefe  and  other  materials  in  the  ma- 
trafs a,  and  a fmall  quantity  of  water  in  d and 
fill  f two-thirds  full.  The  oxymuriatic  gas 
pafles  along  b into  the  fmall  jar  d where  the 
common  muriatic  acid  which  it  contains  Is  de- 
tained by  the  fmall  quantity  of  water  in  d,  and 
the  reft  of  the  ga*  iflues  out  through  e,  and 
goes  to  impregnate  the  water  in  f.  If  the 
materials  In  the  matrafs  a are  not  fufficient,  it 
may  be  drawn  away  by  lifting  out  the  tube  b,  and 
the  veflel  returned  to  its  place  without  moving 
any  other  part  of  the  apparatus.  It  ftiould  be 
obferved,  that  wherever  there  is  an  open  tube 
communicating  with  the  bottles  as  at  c,  the 
greater  prefliire  produced  in  the  veflel  by  the 
influx  of  gas,  and  the  refiftance  of  the  water  into 
which  the  conduding  tube  e inimerges,  will 
caufe  the  liquor  in  d to  rife  in  the  open  tube  c, 
and  it  will  overflow,  unlefs  care  is  taken  to  pro- 
portion the  height  of  the  open  tube  to  the  pref- 
fure  which  it  is  to  counterad. 

Another  variety  of  Woulfe’s  apparatus  Is 
given  in  PI.  III.  Fig.  42.  in  which  the  abforp- 
tion is  prevented  by  a glafs  valve  inftead  of  a 
■tube  of  fafety.  The  couftrudion  of  this  valve 
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is  tlie  fame  as  that  of  Nooth’s  apparatus,  which 
has  been  already  explained,  and  is  given  fepa- 
rately  in  Fig.  45.  a (Fig.  42.)  is  the  retort;  b 
the  receiver ; c the  glafs  valve ; an  upper 
veffel  irito  which  is  put  the  liquor  to  be  fatu- 
rated  by  the  paflage  of  the  gas,  and  the  refidue 
pafles  on  to  e,  g,  hy  /,  as  reprefented.  The 
lame  apparatus  may  be  ufed  with  equal  conve- 
nience by  removing  the  tube  e and  further  part 
of  the  apparatus,  and  fubftituting  the  bottles  a 


and  h.  Fig.  44,  for  which  purpofe  the  lower 
part  of  a is  ground  to  fit  the  veflel  d.  Fig.  42, 
The  mode  of  bending  the  tube  g is  fliewn  in 
Fig.  43.  It  is  firft  ground  to  fit  each  bottle, 
then  held  over  a large  lamp,  and  bent  above 
each  ground  part,  after  which  another  flexure 
is  made  in  the  middle;  and  the  exa£t  curve  of 
the  laft  is  fitted  by  fixing  the  tube  in  the  bottles, 
and  foftening  it  by  a lamp,  by  which  it  pre* 
cifely  accommodates  itfelf  to  its  fituation. 
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BACTIC  ACID.  See  Blood. 

LATIALITE.  Haiiyne, 

The  colour  of  this  mineral  in.  those  specimens 
that  are  opake  is  indigo  blue,  and  in  those 
which  are  translucent  is  blui-sli  green.  It  occurs 
massive,  in  grains,  .and  in  a single  instance  in 
e.vtremely  minute  brilliant  crystals.  Its  hard- 
ness is  a little  superior  to  that  of  quartz ; it  is 
very  brittle  j its  fracture  is  vitreous,  uneven ; 
sp.  gr.  about  3.2. 

Before  the  blowpipe  it  is  Infusible  per  se, 
but  with  borax  affords  a yellow  glass.  When 
finely  pulverized  it  gelatinizes  with  the  mineral 
acids.  Its  constituent  parts,  according  to  Vau- 
quelln,  are, 

30.  Silex 

].).  Alumine 

20. Sulphat  of  lime 

II.  Potash 
J . Oxide  of  iron 
5.  Lime 

an  atom  of  sulphuretted  hydrogen 

82  .3 

17. 5 loss,  probably  for  the  most  part  water. 

100  0 


It  occurs  at  the  lake  Neml,  and  near  Albano 
and  Frascati,  accompanied  by  mica  and  grcon 
hornblende  ; and  at  Monte  Somma  among  the 
ejections  ot  Vesuvius,  accompanied  by  idocrase, 
augite,  mica,  and  mcionite. 

in  many  of  its  external. characters  and  in  its 
chemical  oomposition,  this  mineral  bears  a 
striking  analogy  with  lapis  lazuli. 
LAUMONITE.*  Efflorescent  Zeolite. 
This  mineral  occurs  in  aggregate  crystalline 
masses,  deeply  striated  externally,  or  in  sepa- 
rate crystals.  Its  primitive  form  is  a rhom- 
boidal  prism,  the  angles  of  which  approach 
to  right  angles : this  figure  is  further  divisible 
by  joints  parallel  to  its  axis  and  to  the  greater 
diagonal  of  the  terminal  planes.  Its  fracture  is 


lamellar;  it  is  colourless  and  transparent.  Sp. 
gr.  2.23. 

When  exposed  to  the  air  it  undergoes  with 
more  or  less  rapidity  a spontaneous  change,  in 
consequence  of  which  it  first  loses  its  transpa- 
rency, and  presents  a shining  white  appearance, 
then  the  natural  joints,  especially  those  parallel 
to  the  axis  of  the  prism,  become  very  apparent, 
and  lastly  the  whole  separates  into  a white 
powder  similar  to  that  resulting  from  the  de- 
composition of  Glauber’s  salt.  This  change 
can  only  be  prevented  by  immersion  in  water 
or  by  a varnish. 

The  laumonite  was  at  first  supposed  to  be 
peculiar  to  the  lead  mine  of  Huelgoet  in  Bri- 
tanny,  but  M.  de  Bournon  has  since  discovered 
h among  specimens  from  Ferroe,  from  near 
Paisley,  and  from  Portrush  in  Ireland ; none 
of  these  however  are  so  strikingly  efflorescent 
as  the  specimens  from  Brittany. 

LEAD. 

§ I.  Ores  of. 

Native  Minium.'’ — Plomb  oxyde  rouge 
Haiti/. 

The  colour  of  this  substance,  like  tliat  of 
factitious  minium,  is  a vivid  scarlet ; it  is  amor- 
phous and  pulverulent,  but  when  examined 
with  a lens  exhibits  a flaky  and  crystalline 
texture.  AVhen  gently  heated  before  the  blow- 
pipe it  acquires  a darker  colour,  but  recovers 
its  original  tint  by  cooling ; by  a stronger  heat 
it  melts  to  litharge,  and  on  charcoal  is  reduced 
to  metallic  lead.  It  occurs  in  the  lead  mines 
of  Breylau  in  Westphalia,  sparingly  dissemi- 
nated through  compact  calamine,  and  mixed 
with  galena  and  carbonate  of  lead. 

Arseniate  of  Lead.'' 

The  following  particulars  concerning  this 
ore  (recently  discovered  in  Cornwall  by  Mr. 
Gregor)  may  serve  to  correct  the  account  given 
in  the  Dictionary. 

Its  colour  is  wane  yellow'  passing  into  brown-- 
ish  yellow;  it  occurs  in  small  slender  hexahe- 
dral  crystals  and  capillary  fibres : it  varies  from 


^ Phil.  Trans,  for  ISOG.  p.  267.  ' Ibid.  1809.  p.  195. 


‘ Geol.  Trans,  i.  p.  77. 
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translucent  to  transparent  with  a vitreous  re- 
sinous or  silky  lustre : when  transparent  it 
scratches  glass  j it  is  easily  frangible,  sp.  gr.  6.4. 

Betore  the  blowpipe  it  melts  into  a brownish 
yellow  mass ; when  ignited  on  charcoal  it  ex- 
hales arsenical  vapours,  and  is  reduced  to 
metallic  lead.  It  appears  to  be  composed  of 
69.76  Oxide  of  lead 
26.4  Arsenic  acid 
1.58  Muriatic  acid 


97.74 

2.26  silex,  alumine,  oxide  of  iron. 

and  loss 

100.00 

It  occurs  in  Huel  Unity,  in  the  parish  of 
Gwennap,  Cornwall,  mixed  with  native  copper, 
grey  and  black  copper,  and  octohedral  red 
copper. 

§.  2.  Chemical  Properties. 

It  is  generally  admitted  that  there  are  three 
oxyds  of  lead,  the  yellow^  the  red^  and  the 
broum^  or  puce-coloured.  Of  these,  the  yellow^ 
is  the  low'est  in  oxydation,  but  its  elements  have 
been  very  differently  stated  by  chemists.  It  is 
the  most  important  of  all  in  a cltemical  view, 
as  it  appears  to  be  the  basis  of  most  of  the 
salts  of  this  metal. 

The  oxydation  of  lead  was  thus  examined 
by  professor  Berzelius.'* 

Yellozs)  Oxyd  and  Litharge.  10  parts  of 
pure  lead  (reduced  from  the  crystallized  nitratj 
w'ere  dissolved  in  nitric  acid  in  a glass  vessel, 
the  solution  evaporated  to  dryness  in  a platina 
vessel,  and  made  red-hot.  It  left  10.77  parts 
of  yellow  oxyd.  A second  experiment  gave 
10.775  parts.  A third  experiment  made  en- 
tirely in  a glass  vessel,  gave  10.78.  It  was 
found  that  a minute  quantity  of  the  nitrat  of 
lead  had  sublimed  in  the  experiment,  w^hich 
of  course  made  this  result  of  yellow  oxyd 
rather  too  little.  10  parts  of  lead  dissolved  in 
nitric  acid  were  precipitated  by  carbonat  of 
ammonia,  giving  12.9025  parts  of  carbonat  of 
lead,  which  left  10.75  of  yellow  oxyd  when 
ignited.  'Another  similar  experiment  gave 
10.95.  Therefore,  making  a little  allowance 
for  loss,  the  yellow  oxyd  is  thus  composed. 

Lead  . . 92.765  100.0 

Oxygen.  7.235  7.8 

100.000  107.8 


Ped  Oxyd  or  Minium.  Common  red  lead 
contains  besides  the  proper  red  oxyd,  some 


yellow  oxyd,  sulphat  and  muriat  of  lead,  oxyd 
of  copper,  and  silver.  The  yellow  oxyd  was 
dissolved  out  by  w'eak  distilled  vinegar  which 
hardly  acts  upon  minium.  The  minium  thus 
purified  was  strongly  heated,  by  which  it  was 
changed  to  yellow  oxyd  by  losing  oxygen,  and 
the  other  impurities  being  allowed  for,  it  ap- 
peared that  purified  minium  consisted  of 
Lead  ...  90  — 100. 

Oxygen  . . 10  — 11.07 

100  — 111.07 

Brotrn  Oxyd.  This  oxyd  is  produced  as 
mentioned  in  our  original  article,  by  digesting 
nitric  acid  on  minium,  which  deoxygenates  a 
part  and  superoxygenates  the  remainder,  the 
former  being  reduced  to  yellow  oxyd  and 
dissolved  in  the  acid,  and  the  latter  being  the 
brown  oxyd.  This  is  composed,  according  to 
Berzelius,  of 

Lead  . . . 86.51  — 100.0 
Oxygen  . . 13.49  — 15.6 

100.00  — 115.6 


Hence  it  appears  probable,  that  in  these 
three  states  of  oxydation,  JOO  parts  of  lead 
take  up  oxygen  in  the  proportion  of  I,  1|  and 
2,  the  numbers  7.8,  11.07  and  15.6  being 
nearly  in  this  ratio. 

Sulphuret  of  Lead,  Equal  parts  of  lead 
and  pure  sulphur  were  melted  together  in  a 
retort,  and  kept  at  a red  heat  till  nothing 
further  was  expelled.  The  composition  of  the 
sulphuret  thus  found,  gave 

Lead  . . 86.51  — 100 

Sulphur . . 13.49.  — 15.6 

100.00  — 115.6 


Lead  and  sulphur  appear  to  unite  in  no 
other  proportions.  When  this  sulphuret  of 
lead  is  fully  oxygenated  by  boiling  with  nitro- 
muriatic  acid,  the  whole  is  exactly  changed  to 
neutral  sulphat  of  lead,  the  sulphur  when  con- 
verted into  sulphuric  acid  being  just  sufficient 
to  saturate  the  lead  when  changed  to  yellow 
oxyd,  (this  oxyd  being  the  base  of  all  the  salts 
of  lead.)  See  the  article  Affinity, 

, Muriat  of  Lead.  5 parts  of  yellow  oxyd 
of  lead  dissolved  in  muriatic  acid,  and  the 
solution  evaporated  to  dryness  in  the  same 
vessel,  gave  6,187  parts  of  fused  muriat  of 
lead.  A small  portion  of  the  salt  however  was 
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Volatilized  during  the  process.  Murlat  of  lead 
therefore  consists  of  from  80.8  to  81.  percent, 
of  oxyd  of  lead,  and  19.  to  19.2  of  acid. 

10.  parts  of  fused  muriat  of  lead  were  dis- 
solved in  nitric  acid,  and  the  solution  decom- 
posed by  nitrat  of  silver.  The  supernatant 
liquor  was  separately  evaporated  to  dryness, 
and  the  soluble  salt  then  dissolved  out  by 
water,  by  which  a little  muriat  of  silver  that 
had  been  dissolved  in  the  excess  of  nitric  acid 
was  recovered  and  added  to  the  other  portion. 
The  whole  of  the  muriat  of  silver  when  fused 
weighed  10.32  parts,  which  contain  according 
to  Berzelius  1.9644  of  muriatic  acid. 

Another  10  parts  of  fused  muriat  of  lead 
were  dissolved  in  nitric  acid,  an  excess  of  sul- 
phuric acid  added,  the  whole  evaporated  till  all 
was  driven  off  except  sulphat  of  lead  with  a 
little  sulphuric  acid  in  excess ; which  last  was 
separated  by  hot  water.  The  neutral  sulphat 
of  lead  well  dried  weighed  10.92,  containing 
by  estimation  8.03876  of  suboxyd  of  lead. 
These  two  experiments  very  closely  agree,  so 
that  fused  muriat  of  lead  may  be  taken  as 
containing 

Muriatic  acid  . 19.644  — 100.00 

Yellow  oxyd  of  lead  80.336  — 409.06 


100.000  — 309.06 


by  one  estimation,  and  by  the  other  19.61  per 
cent,  of  muriatic  acid. 

Carbonat  of  Ijcad.  10.  parts  of  carbonat 
of  lead  dried  at  a high  temperature  were  kept 
red-hot  in  a platina  crucible,  and  left  8.35  of 
suboxyd  of  lead.  The  carbonat  of  lead  there- 
fore contains 

Carbonic  acid  . . 16.5 

Yellow  oxyd  of  lead  83.5 


100.0 


Sulphat  of  Lead.  From  a great  variety  of 
experiments,  which  agree  pretty  closely,  pro- 
fessor Berzelius  fixes  the  composition  of  this 
salt  at 

Sulphuric  acid  . 26.346  100  35.9 

Yellow  oxyd  of  lead  73.654  279  100.0 

100.000  379  135.9 


Nitrat  and  Nitrile  of  Lead.  The  salts 
produced  by  the  combination  of  oxyd  of  lead 
and  nitrous  or  nitric  acid,  are  numerous  and 
difficult  to  be  made  out  with  accuracy.  Besides 

An.  Ch 


the  common  crystallized  nitrat  of  lead  formed 
by  the  solution  of  lead  in  nitric  acid,  there 
are  other  compounds  formed  either  by  digesting 
nitrat  of  lead  with  an  additional  quantity  of 
metallic  lead  (as  mentioned  by  Proust)  or  with 
more  oxyd  of  lead  •,  or  else  by  the  partial  de- 
composition of  these  salts,  by  which  salts  with 
excess  of  base  are  obtained. 

In  addition  to  what  has  been  mentioned  on 
this  subject  in  our  original  article,  we  shall 
merely  state  the  results  of  the  experiments  of 
Berzelius  and  of  Chevreul.*^ 

Nitrat  of  Lead.  This  M^ell  known  salt  which 
forms  large  white  opake  octohedral  crystals  ap- 
pears to  contain  no  water  of  crystallization.  It 
contains  according  to  Berzelius 

Nitric  acid  . . . 32.7  — 100. 

Yellow  oxyd  of  lead  67.3  — 205.09 

100.  305.09 


Che\Teul  agrees  almost  exactly  with  this  cal- 
culation. 

Subnitrat  of  Lead.  This  salt  may  be  made 
in  two  ways,  either  by  digestiiig  the  nitrat  with 
oxyd  of  lead ; or  by  adding  ammonia  to  the 
nitrat,  less  than  will  decompose  the  whole  salt, 
whereby  a nitrat  of  ammonia  and  a subnitrat  of 
lead  are  produced.  Berzelius  adopts  the  latter 
metliod.  A precipitate  took  place  on  adding  a 
little  ammonia  to  nitrat  of  lead,  which  was  well 
edulcorated  and  dried  to  separate  all  the  am- 
moniacal  salt.  A portion  of  this  gradually 
heated  to  redness  in  a retort  gave  out  much 
uncondensible  nitrous  vapour  and  left  80.5  per 
cent,  of  bright  lemon-yellow  oxyd.  It  therefor* 
contained  no  water  but  consisted  merely  of 

Nitric  acid  . . . 19.5  — 100. 

Yellow  oxyd  of  lead  80.5  — 412.9 

100.0  513.9 


Double  Sub -nitrat  of  Lead.  The  last  ex- 
periment was  repeated  with  the  variation  of 
digesting  the  mixed  nitrat  of  lead  and  ammonia 
for  some  time  and  then  washing  the  precipitate 
with  boiling  water.  This  precipitate  dried  and 
decomposed  as  before  lost  9.7  per  cent,  of  acid, 
and  therefore  consisted  of 

Nitric  acid  . . . 9.7  — 100.00 

Yellow  oxyd  of  lead  90,3  — • 930.92 

100.0  1030.92 

M.  Chevreul  obtained  the  first  subnitrat  by 

i.  tom.  83. 
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boiling  the  iiltrat  of  lead  with  yello\V  oxyd  and 
allowing  the  clear  liquor  to  cool  in  a well  corked 
phial  (to  keep  out  the  carbonic  acid  of  the  at- 
mosphere) by  which  a number  of  pearly  crys- 
talline scales  separated,  which  form  the  subnitrat 
in  question.  This  salt  is  sweet  and  astringent, 
and  when  a current  of  carbonic  acid  is  passed 
through,  much  carbonat  of  lead  separates,  and 
the  nitrat  returns  to  the  state  of  common  nitrat. 
The  elements  of  this  subnitrat  are  stated  at 
19.86  per  cent,  of  acid  and  80.14  of  yellow 
oxyd,  which  very  closely  agrees  with  Berzelius. 

In  the  three  nitr:jts  of  lead  just  described,  100 
parts  of  nitric  acid  saturate  205.09,  412.9  and 
930.92  parts  of  oxyd  respectively.  The  two  first 
are  as  nearly  as  can  be  expected  in  the  simple 
ratio  of  1:2,  but  the  third  does  not  coincide 
with  any  simple  ratio.  In  all  these  the  acid  is 
the  nitric  and  the  oxyd  is  to  all  appearance  the 
yellow  ioxj/d. 

Nitrite  of  Lead.  This  salt  was  first  ob- 
served by  Proust,  and  is  obtained  by  boiling  the 
common  nitrat  of  lead  with  Metallic  Leady  as 
described  in  our  original  article,  and  is  con- 
sidered by  Proust  as  a nitrat  of  lead  the  base  of 
which  is  at  a lower  state  of  oxygenation  than 
the  yellow  oxyd,  and  by  Dr.  1 homson  as  a 
compound  of  the  yellow  oxyd  with  an  acid  at  a 
lov/er  state  of  oxygenation,  and  is  therefore 
a nitrite  of  lead.  It  is  obvious  that  either  the 
acid  or  tire  oxyd  must  be  in  this  state  of  di- 
minished oxygenation,  since  in  its  preparation 
the  metallic  lead  must  absorb  that  portion  of 
oxygen  necessary  for  its  solution  from  one  or 
other  or  both  of  the  constituents  of  the  common 
nitrat  of  lead  with  which  it  is  digested. 

This  subject  has  been  examined  with  great 
care  by  Berzelius  and  Chevreul,  witli  a remark- 
able agreement  in  their  results. 

When  20  parts  of  nitrat  of  lead  are  boiled 
in  water  with  12.4  parts  of  metallic  lead  (which 
is  equal  to  the  lead  contained  in  the  salt)  the 
whole  dissolves  in  some  hours  into  a deep  yel- 
low liquid,  which  on  cooling  becomes  the  yel- 
low crystallized  mass  described  by  Proust.  This 
is  the  Nitrite  of  Lead.  It  has  indeed  a slight 
excess  of  base,  so  as  to  act  like  an  alkali  on 
vegetable  colours,  and  therefore  might  with 
more  strictness  be  called  a suhiiitriley  but  we 
shall  retain  the  term  of  simple  nitrile  of  lead 
to  distinguish  it  from  a subnitrite  with  a double 
proportion  .n  base,  to  be  presently  described. 

4his  nitrite  of  lead  is  also  formed  whatever 
be  the  proportion  of  lead  employed  with  the 
nitrat  of  lead-,  but  when  the  lead  is  in  excess  and 
die  boiling  too  long  continued,  a brick-red  salt 


gradually  appears,  which  is  the  proper  suhnUrit€ 
of  lead. 

The  nitrite  of  lead  forms  yellow  foliated 
crystals.  Its  taste  is  slightly  astringent  and 
sugary ; 100  parts  of  boiling  water  dissolve  about 
9^  of  the  salt,  but  the  same  portion  of  cold  water 
takes  up  scarcely  more  than  1|.  Sulphuric^ 
nitrous  and  acetic  acids  decompose  this  salt  and 
expel  from  it  nitrous  vapour,  particularly  when 
heated.  Carbonic  acid  passed  through  a solu- 
tion of  this  nitrite,  partially  decomposes  it  and 
separates  a carbonated  oxyd.  Carbonated  pot- 
ash entirely  decomposes  it  into  carbonat  of  lead 
and  nitrite  of  potash.  When  the  nitrite  is  gra- 
dually heated  it  loses  its  acid  and  passes  to  the 
state  of  yellow  oxyd. 

The  subnitrite  of  lead  is  produced,  as  above- 
described,  by  boiling  nitrat  of  lead  for  many 
hours  with  more  metallic  lead  than  it  can  take 
up  : 10  parts  of  the  nitrat  by  long  boiling  will 
thus  dissolve  about  12  parts  of  metallic  lead, 
and  the  solution  on  cooling  lets  fall  small  brick- 
red  crystalline  plates,  whilst  the  supernatant 
liquor  contains  a mixture  of  botli  these  nitrites. 
These  brick -red  crystals  are  the  subnilrile  of 
leady  and  consist  of  nitrous  acid  and  a double 
portion  of  yellow  oxyd  of  lead  to  that  of  the 
nitrite.  This  subnitrite  is  very  little  soluble  in 
water,  3 parts  requiring  100  of  boiling  water 
for  solution.  It  is  copiously  precipitated  by 
carbonic  acid  gas,  or  even  by  exposiure  to  air. 
M.  Chevreul  gives  the  elements  of  the  Nitrite 
of  Lead  to  be 

Nitrous  acid  18.15  — 100. 

Yellow  oxyd  81.85  — 450. 

100.00  550. 


and  of  the  Subnitrite  of  Lead 

Nitrous  acid  9.9  — 100. 
Yellow  oxyd  90.1  — 910. 

100.0  1010. 


Berzelius  agrees  pretty  nearly  with  this  esti- 
mation, so  that  the  base  of  this  subnitrite  is 
a double  proportion  of  that  of  the  nitrite. 

We  shall  conclude  tliis  article  by  noticing  a 
singular  production  of  the  Peroxtjd  or  Jiroicii 
oxyd  of  lead  observed  by  M.  Chevreul.  This 
oxyd  is  generally  produced,  as  before  mentioned, 
by  digesting  minium  in  nitric  acid,,  by  which  a 
portion  of  it  loses  oxygen  to  pass  to  the  state  of 
yellow  oxyd  and  dissolves  in  the  acid,  and  the 
other  part  gains  oxygen  and  becomes  the  in- 
soluble brown  oxyd.  M.  Chevreul  has  obseryed 
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tills  unequal  partition  of  oxygen  in  a ilin’erent 
way:  some  flint  glass  (containing  much  minium) 
was  heated  in  a platina  crucible  with  thrice  its 
weight  of  caustic  potash,  and  the  fused  mass 
was  digested  with  water.  An  alkaline  solution 
of  silex  and  yellow  oxyd  of  lead  was  produced, 
and  oo  remaining  at  rest  it  deposited  a brown 
crystallized  powder,  which  was  the  brown  oxyd, 
whilst  the  crucible  itself  and  the  platina  spoon 
used  to  stir  the  materials  were  lined  with  a me- 
tallic coating  consisting  of  an  alloi/  of  lead  and 
latino.  'liiis  singular  fact  can  be  explained 
y supposing  that  the  alkaline  solution  at  first 
contained  the  whole  of  the  lead  of  the  glass  in 
the  state  of  yellow  oxyd,  but  that  the  affinity  of 
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lead  for  platina  then  determined  the  precipi- 
tation of  a small  part  of  the  lead  in  the  metallic 
state  on  the  platina  of  the  vessel,  whilst  another 
portion  of  oxyd  of  lead  taking  up  the  oxy- 
gen of  this  reduced  lead,  passed  into  the  state 
of  brown  oxyd,  in  which  the  metal  is  in  the 
highest  state  of  oxydation.  That  the  brown 
oxyd  was  formed  in  consequence  of  the  reduc- 
tion of  part  of  the  oxyd  of  lead,  and  was  not 
contained  as  such  in  the  glass,  is  obvious  from 
the  intense  heat  employed  in  glass-making, 
which  indeed  is  at  all  times  sufficient  to  expell 
much  oxygen,  even  from  the  minium  used  as  a, 
flux',  and  to  reduce  it  to  yellow  oxyd. 

LIME  ( Basis  of.)  See  Calcium. 


MADREPORITE. 

A new  analysis  of  this  mineral  has  been  pub- 
lished by  Klaproth,®  from  which  it  appears  to  be 
composed  of 

93.  Carbonate  of  lime 
0.5  Carbonate  of  magnesia 
1.25  Carbonate  of  iron 
0.5  Carbon 
4.5  Siliceous  sand 


99.75 


MANGANESE. 

An  elaborate  series  of  experiments  on  the 
salts  and  oxyds  of  this  metal  has  been  given  by 
Dr.  John  of  Berlin, *>  which  appear  to  have  been 
conducted  with  much  attention.  A few  par- 
ticulars may  be  mentioned. 

Regiilus  of  Manganese.  This  w'as  prepared 
in  the  usual  way,  by  reduction  of  the  purified 
oxyd  in  a crucible  lined  with  charcoal.  1 he 
oxyd  was  prepared  in  the  following  manner. 
Some  of  the  purest  native  black  oxyd  of  man- 
ganese was  dissolved  to  saturation  in  muriatic 
acid,  a little  nitric  acid  was  added,  the  liquor 
was  I'educed  by  evaporation,  then  diluted  with 
water,  saturated  with  alkali  and  digested  with 
pieces  of  iron  to  separate  most  of  the  copper 
contained  in  the  solution.  A little  potash  was 
then  added,  followed  by  oxalat  of  potash,  which 
separated  the  iron  in  form  of  oxalat  in  twenty- 
four  hours.  'T  he  lead,  if  any,  was  then  sepa- 
rated by  sulphat  of  soda,  and  the  manganese  by 
carbonat  of  ammonia.  But  the  carbonat  of 
manganese  is  not  yet  quite  free  from  copper,  as 
prussiat  of  potash  gives  a peach-fiower  coloured 
» Analyt.  Ess.  is,  p.  218. 


precipitate.  Instead  of  one  perfectly  white,  which 
Occurs  when  the  manganese  is  quite  pure.  The 
carbonat  of  manganese  must  therefore  be  di- 
gested with  water  and  pure  ammonia,  redis- 
solved in  sulphuric  acid,  and  then  just  super- 
saturated with  ammonia  and  digested  for  a time, 
by  which  the  remaining  oxyd  of  copper  falls 
down  mixed  with  a little  oxyd  of  manganese, 
after  which  the  supernatant  liquor  will  yield 
with  carbonat  of  ammonia  a perfectly  pure  oxyd 
of  manganese. 

This  purified  oxyd  was  reduced  in  a Hessian 
crucible  lined  first  with  a paste  of  silex,  alu- 
mine  and  charcoal,  over  which  charcoal  powder 
alone  was  pressed  down  and  a conical  cavity 
was  cut  out  to  receive  the  oxyd  of  manganese 
previously  mixed  with  a little  oil  and  repeatedly 
calcined,  to  produce  an  intimate  union  of  the 
oxyd  with  the  charcoal  of  the  oil.  The  reduc- 
tion was  effected  in  a very  intense  heat  of  a 
forge-furnace,  kept  up  for  an  hour  and  a half, 
after  the  crucible  had  been  gradually  heated  for 
an  hour.  From  830  grains  of  the  pure  car- 
bonat the  author  obtained  repeatedly  about  250 
grains  of  the  regulus  of  manganese. 

I'his  regulus  when  made  from  pure  oxyd 
leaves  about  one  per  cent,  of  its  weight  of  char- 
coal when  digested  with  acids,  but  if  it  contains 
any  iron,  the  charcoal  is  greater.  This  charcoal 
may  be  extracted  by  melting  the  metal  again 
under  borax,  which  requires  less  heat  than  that 
employed  for  the  first  reduction. 

Carbonat  of  Manganese.  All  the  solutions 
of  manganese  when  decomposed  by  an  alkaline 
carbonat  give  a white  carbonat  of  manganese, 
which  appears  to  be  the  only  salt  of  this 

* Journ  des  Mures,  touj.  xxii.  and  xKiii.i 
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species.  The  metal  is  in  the  state  of  suboxyd. 
When  the  carbonat  is  yellowish  or  brown  it  is 
probably  (if  no  other  metal  is  present)  a mix- 
ture of  carbonat  and  browm  oxyd  of  manganese. 

The  white  carbonat  is  tasteless,  unchangeable 
by  exposure  to  air  in  a low  temperature,  and 
may  be  dried  in  a gentle  heat.  When  decom- 
posed by  ignition  in  close  vessels  it  gives 
Suboxyd  of  manganese  55.84 

Water 10.00 

Carbonic  acid  . . 34. 16 


100.0 


The  suboxyd  left  after  Ignition  is  greenish- 
grey,  and  this  suboxyd  may  be  considered  as 
the  basis  of  all  the  salts  of  manganese. 

Sulphat  of  Manganese.  Sulphuric  acid 
wdien  diluted  dissolves  metallic  manganese  with 
copious  disengagement  of  hydrogen  of  a peculiar 
smell.  100  grains  of  metal  are  exactly  satu- 
rated with  190  grains  of  sulphuric  acid  of  1.86 
sp.  gr.  and  this  solution  decomposed  by  car- 
bonated ammonia  gives  205  grains  of  carbonat 
of  manganese  dried  at  77°  Fahr.  This  will  give 
48.6  per  cent,  of  metal  in  this  carbonat. 

Sulphuric  acid  dissolves  the  suboxyd  of  man- 
ganese with  equal  ease,  and  forms  a solution 
exactly  similar  to  the  former,  which  crystallizes 
easily.  This  salt  was  analyzed  by  muriat  of 
barytes  to  separate  the  sulphuric  acid,  and  bvcar- 
bonat  of  ammonia  for  the  metallic  oxyd.  Esti- 
mating the  acid  of  sulphat  of  barytes  at  34  per 
cent,  and  the  suboxyd  of  manganese  at  55.84 
per  cent,  of  the  dry  carbonat,  the  crystallized 
sulphat  of  manganese  contains 

Sulphuric  acid  . . 33.66 

Suboxyd  ....  31.00 
Remains  for  water  . 35.34 

\ 

100.00 


Muriat  of  Afanganese.  The  author  has 
succeeded  in  obtaining  large  tabular  crystals  of 
this  salt,  quite  transparent  and  rose-coloured. 
These  crystals  deliquesce  rapidly  in  the  air. 
They  were  analyzed  by  nitratof  silver  toascertain 
the  muriatic  acid,  and  by  carbonat  of  ammonia 
for  the  manganese.  Reckoning  (after  Klaproth) 
20.5  of  acid  in  133  of  luna  cornea,  the  crys- 
tallized muriat  of  manganese  will  contain 
Suboxyd  ....  38.50 
Muriatic  acid  . . 20.04 

Remain  for  water  . 41.46 
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When  a current  of  oxymuriatlc  acid  gas  is 
passed  through  a solution  of  this  salt,  it  pre- 
sently stiffens  very  considerably  and  nearly  the 
whole  becomes  a crystalline  mass,  which  again 
becomes  fluid  in  the  air.  If  this  liquid  is  eva- 
porated, the  pungent  smell  of  oxymuriatic  acid 
goes  off,  black  oxyd  of  manganese  falls  down, 
and  the  remaining  solution  returns  to  the  state 
of  common  muriat  of  manganese. 

On  the  Oxidation  of  Alanganese.  The 
very  great  disagreement  on  this  subject  between 
the  experiments  of  the  most  accurate  chemists 
shews  the  extreme  difficulty  of  determining 
with  any  certainty  the  numbers  and  proportions 
of  the  oxyds  of  manganese.  On  the  one  hand 
the  metal  itself  and  its  lowest  oxyd  have  a con- 
stant tendency  to  absorb  oxygen  from  the  at- 
mosphere : and  on  the  other  hand  the  highest 
oxyd  will  readily  give  out  oxygen  at  a very 
moderate  encrease  of  temperature ; so  that  it  is 
very  difficult  to  obtain  a.“>y  quantity  of  oxyd  of 
this  metal  of  a perfectly  uniform  state  of  oxy- 
dation  throughout. 

Dr.  John,  who  is  fully  aware  of  these  diffi- 
culties is  inclined  to  fix  the  number  of  definite 
oxyds  of  manganese  at  three,  namely,  the  Green, 
the  Brown,  and  the  Black,  of  which  the  green 
is  the  lowest  oxyd.  He  thus  endeavours  to 
analyze  them. 

The  Green  Oxyd.  Eighty  grains  of  metal- 
lic manganese  were  put  in  a vessel  containing 
water.  The  gas  obtained  was  24  ounce  mea- 
sures and  was  hydrogen,  containing  probably 
some  atoms  of  the  metal  in  solution,  as  it  had  a 
peculiar  smell  and  burnt  with  a green  flame. 
The  gas  was  given  out  for  a whole  day,  after 
which  it  ceased  and  was  not  renewed  by  heating 
the  contents.  The  greenish  oxyd  remaining  at 
the  bottom  of  the  water  was  quickly  dried  and 
weighed  92  grains. 

This  experiment  did  not  much  differ  from 
the  composition  of  the  green  oxyd  as  the  base 
of  the  carbonat,  and  hence  the  author  considers 
the  oxygen  as  13  per  cent,  on  the  average,  and 
therefore  the  green  oxyd  will  consist  of 
Manganese  87.  — 100. 

Oxygen  13.  — 14.942 

100.  114.942 


Brozon  Oxyd.  This  was  formed  simply  by 
exposing  the  last  mentioned  green  oxyd  to  the 
air  till  it  gained  no  more  weight,  and  drying  it 
hastily.  It  was  a pure  deep  brown  colour,  and 
consisted  of 
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Manganese 

80.  — 

100. 

Oxygen 

20.  — 

25. 

100. 

125. 

Black  Oxyd.  This  oxyd  which  Is  con- 
sidered as  the  highest  possible  in  oxygenation, 
was  prepared  by  dissolving  a gi’^n  weight  of 
metallic  manganese  in  nitric  acid,  and  evapo- 
rating the  entire  solution  to  dryness  in  a heat 
bflrely  sufficient  to  expell  and  decompose  all  the 
adhering  nitric  acid,  without  separating  oxygen 
from  the  newly  formed  oxyd.  In  this  manner 
the  black  oxyd  will  contain 

Manganese  71.33  — 100.00 

Oxygen  28.67  — 40.19 


100.00  140.19 


This  oxyd  gives  an  abundance  of  oxygen  gas 
at  a red  heat,  and  hence  the  extreme  difficulty 
of  driving  off  all  the  last  portions  of  nitric  acid, 
and  at  the  same  time  just  avoiding  the  heat 
\»'hich  will  change  any  portion  of  this  oxyd  to  a 
lower  term  of  oxygenation. 

The  following  statement  of  the  number  and 
GCmposition  of  the  oxyds  of  manganese  is  given 
as  the  result  of  Pr.  Berzelius’s  experiments,*^ 
but  the  particulars  are  not  mentioned. 

1.  The  lowest  oxyd  or  suboxyd  is  the  grey 
powder  which  forms  on  the  surface  of  metallic 
manganese  when  kept  in  phials  closed  only  by 
a cork. 

2.  The  green  suboxyd  of  Dr.  John  described 
above. 

3.  The  oxyd  wliich  is  the  base  of  the  sulphnt 
of  manganese. 

4.  An  oxyd  of  higher  degree. 

5.  The  superoxyd  or  native  peroxyd  of  man- 
ganese. 

With  regard  to  these  five  oxyds,  the  second, 
third  and  fourth  are  stated  to  have  been  ana- 
lyzed by  the  author,  and  to  contain  on  100  of 
metal,  14,  28,  and  42.16  parts  of  oxygen  re- 
spectively, whence,  adapting  these  to  the  doc- 
trine of  definite  proportions,  the  composition  of 
the  two  extreme  oxyds  is  assumed  to  be  7.026 
on  100  in  the  lowest  and  56.213  in  the  highest 
oxyd.  The  five  oxyds  therefore  will  be  as  fol- 
lows. Oxygen  JMtlal 

1st  contains  7.026  to  100 

2d  14.032 

Sd  28.104  


MEIONITE. 

This  mineral  has  hitherto  been  found  only  irt 
minute  aggregated  crystals.  Its  primitive  form 
is  a strait  prism  with  square  bases;  it  also  pre- 
sents six  and  eight-sided  prisms,  terminated  by 
low  tetrahedral  pyramids.  Ita  colour  is  a trans- 
lucent greyish-white,  its  lustre  is  vitreous ; its 
longitudinal  fracture  is  foliated  in  two  directions, 
its  cross  fracture  is  conchoidal.  It  scratches 
glass. 

Before  the  blowpipe  It  melts  easily  Into  a 
spungy  white  glass.  It  occurs  among  the  sub- 
stances ejected  by  Vesuvius,  generally  Iming 
cavities  in  white  granular  limestone. 
MELILITE. 

It  occurs  in  the  form  of  small  rectangular 
parallelipipeds  and  octohedrons  of  a pale  yellow 
and  orange  colour,  which  are  often  covered 
with  a brownish  red  crust.  It  gives  fire  with 
steel.  When  pulverized  and  put  into  nitric 
acid.  It  becomes  perfectly  gelatinous.  In  small 
fragments  it  melts  before  the  blowpipe  into  a 
transparent  glass. 

It  has  been  found  only  near  Rome,  at  Capo 
di  Bove. 

MENILITE. 

It  occurs  in  tubercular  masses  of  .a  moderate 
size,  striped  externally  bluish  grey  and  redisl* 
brown.  Internally  It  exhibits  a hair  brown 
colour,  and  a glistening  somewhat  resinous 
lustre.  It  is  strongly  translucent  on  the  edges, 
and  presents  a flat  conchoidal  or  splintery  frac- 
ture. It  is  hard,  brittle  and  easily  frangible. 

Its  constituent  parts,  according  to  Klaproth> 
are  83.3  Silex 

1.  Alumine 
0.5  Oxyd  of  Iron 
0.3  Lime 

1 1.  Water  and  inflammable  matter 


98.3 

It  is  found  at  Menil  Montant  near  Paris,  Im- 
bedded in  a white  slaty  rock,  and  appears  to 
have  a considerable  analogy  v/ith  the  flints, 
semi  opals  and  hornstones  that  are  found  in  the 
chalk,  and  in  the  strata  above  it. 

MORDANT.  See  DvEii^G. 

MURIATIC  ACID.  Oxymuriatic  Acio. 

Chi.oiune.  Eucheokinc. 

An  immense  mass  of  interesting  matter  has 
been  bestowed  within  these  last  few  years  on 
muriatic  acid,  since  the  laborious  but  fruitless 
attempts  of  Dr.  Henry  to  discover  iis  ba.se,  with 
which  we  concluded  our  former  account  of  tills 
singular  substance. 


4th  42.156  

5th 36.208  

« An.  Chim.  toni.  83. 
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The  facts  -w  hich  have  been  discovered  have 
led  to  two  totally  distinct  theories  on  the  consti- 
tution of  this  acid,  w'hich  we  shall  mention  to 
assist  the  reader  in  following  the  experiments  to 
be  related. 

1.  The  opinion  of  the  ac/d  nature  of  this 
substance,  modified  by  the  results  of  the  experi- 
ments of  Messrs.  Gay  Lussac  and  Thenard  is 
Uie  following.  Muriatic  acid  is,  like  the  other 
acids,  a compound  of  some  base  (hitherto  un- 
known) and  oxygen ; it  has  never  been  obtained 
in  a separate  state,  as  it  is  only  known  to  che- 
mists as  Muriatic  Acid  Gas f or  as  forming  a 
part  of  the  alkaline,  earthy,  or  metallic  Muriats. 
In  the  former  case,  the  muriatic  acid  is  inti- 
mately combined  wdth  about  a fourth  of  its 
weight  of  water  (or  of  the  oxygen  and  hydrogen 
which  are  the  elements  of  this  quantity  of 
water),  and  this  is  absolutely  essential  to  the 
existence  of  muriatic  acid  in  the  gasseous  sfate^ 
60  that  under  no  circumstances  can  this  acid  be 
expelled  from  its  solid  combinations,  unless  such 
a quantity  of  water  is  present  as  will  unite  with 
the  gas  at  the  moment  of  its  formation,  and  will 
then  amount  to  about  a fourth  of  the  weight  of 
the  gas.  This  water  exists  in  muriatic  gas  in  a 
different  mode  of  combination  from  that  which 
constitutes  the  common  hygrometrical  moisture 
of  gasses,  and  therefore  cannot  be  separated  by 
solid  potash,  lime,  dry  muriat  of  lime,  or 'intense 
cold,  which  are  the  means  successfully  used  to 
render  the  other  gasses  dry.  But  when  muriatic 
acid  gas  is  united  with  any  of  the  alkaline,  earthy, 
or  metallic  bases,  that  portion  of  water  which 
was  essential  to  the  acid  in  an  insulated  state  is 
no  longer  retained,  and  may  be  expelled  from 
most  of  them  (though  often  with  considerable 
difficulty)  by  mere  heat. 

Oxymuriatic  acid  on  this  theory  is  a com- 
pound of  muriatic  acid  and  oxygen  5 and  oxymu- 
riatic gas  contains  oxygen  equal  to  half  its 
volume  •,  but  the  muriatic  acid  gas  with  which  it 
is  united  is  not  combined  with  water,  as  it  is  in 
the  insulated  stale  of  muriatic  acid  gas,  but  if  it 
contains  any  water,  it  is  only  as  common  hygro- 
metric  moisture,  which  may  readily  be  abstracted 
by  any  of  the  means  above  mentioned.  Hence, 
in  order  tp  convert  dried  oxymuriatic  acid  gas  to 
Inurlatic  gas,  it  is  necessary  either  to  abstract 
oxygen,  and  to  add  water  in  substance  *,  or 
else  to  add  hydrogen,  which  by  uniting  with  the 
excess  of  oxygen  may  produce  water,  this,  as 
before  mentioned,  being  essential  to  the  con- 
j^tjtution  of  muriatis  acid  gas. 


2.  The  theory  adopted  by  Sir  H.  Davy,  is  the 
following. 

Oxymuriatic  acid  is  a substance  hitherto  un- 
decompounded, and  therefore  must  at  present 
be  considered  as  an  element ; it  contains  no- 
oxygen,  at  least  none  has  ever  been  extracted 
from  it ; it  unites  with  most  metals  and  salifia- 
bles  bases,  forming  the  mm  iats,  which  therefore 
are  not  (like  the  sulphats,  nitrats,  &c.)  com- 
pounds of  an  oxi/dated  base  and  an  acid,  but 
are  composed  merely  of  the  base  and  of  oxymu» 
riatic  acid.  Thus  for  example,  common  salt, 
or  muriat  of  soda,  when  perfectly  dry,  is  accord- 
ing to  this  hypothesis  composed,  not  of  soda  and 
muriatic  acid,  but  of  sodium  and  oxymuriatic 
acid,  and  so  of  the  rest.  Oxymuriatic  acid 
will  however  unite  with  oxygen,  forming  a 
very  singular  compound,  whose  properties  have 
been  discovered  by  SirH.  Davy.  This  eminent 
chemist  gives  the  name  of  Chlorine  to  oxymu- 
riatic acid,  and  of  Euchlorine  to  the  compound 
of  oxymuriatic  acid  and  oxygen,  which  will  be 
presently  described. 

hluriatic  acid  according  to  this  theory,  is  a 
compound  of  oxymuriatic  acid  and  hydrogen  in 
equal  volumes  ; it  contains  no  water  of  compo- 
sition, for  none  can  be  procured  from  it,  unless 
by  substances  that  contain  oxygen,  and  the 
quantity  of  water  produced  is  exactly  equal 
to  the  oxygen  contained  in  the  substance  em- 
ployed, added  to  the  hydrogen  supposed  to 
exist  in  the  muriatic  acid  gas.  The  salts  called 
muriats  are,  when  perfectly  dry,  composed  of 
oxymuriatic  acid  and  the  respective  bases,  but 
not  in  the  state  of  oxyds  ; but  as  soon  as  water 
is  added  to  a dry  muriat,  a double  decomposition 
takes  place,  the  oxygen  of  the  water  goes  to  the 
base  of  the  muriat  converting  it  to  an  oxyd,  the 
hydrogen  of  the  water  unites  with  the  oxymu- 
riatic acid,  converting  it  to  muriatic  acid,  and 
the  compound  now  becomes  really  a muriated 
oxyd.  On  the  other  hand  if  this  muriated  oxyd 
is  again  dried  in  the  heat  of  ignition,  the  salt  is 
again  decomposed,  the  hydrogen  of  the  muriatic 
acid  escapes  with  the  oxygen  of  the  oxyd  in  the 
form  of  water;  and  the  salt  returns  to  the  state 
of  a simple  binary  compound  of  oxymuriatic  acid 
and  the  base. 

We  shall  now  give  a short  abstract  of  se- 
veral of  the  most  important  series  of  experi- 
ments on  these  compounds,  beginning  with 
those  of  Messrs.  Gay  Lussac  and  Thenard.* 

The  first  object  of  enquiry  is  the  existence 
of  water  in  gasses.  When  comnaon  air  is  en- 
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closed  over  mercury  in  contact  ■with  dry  potash, 
or  muriat  of  lime,  it  is  universally  known  that 
these  substances  absorb  the  moisture  that  the 
air  held  in  solution,  and  leave  it  perfectly  dry. 
If  instead  of  potash  or  muriat  of  lime,  a little 
Jfuoboracic  acid  gas  ( which  article  see ) be 
added,  an  immense  cloud  of  dense  vapour  is 
produced  owing  to  the  combination  of  this  acid 
gas  with  the  moisture  of  the  air.  But  if  fluobo- 
racic  gas  be  added  to  another  portion  of  air  that 
has  previously  been  in  contact  with  potash,  or 
withmuriatof  lime,  nocloud  whatever  takes  place. 
Hence  it  is  inferred,  that  the  air  naturally  con- 
tains a quantity  of  moisture  dissolved  in  it, 
(termed  by  these  chemists  hygrometric  water) 
w'hich  is  simply  absorbed  by  the  potash,  fluobo- 
racic  gas,  or  any  other  substance  that  has  a 
strong  affinity  with  water.  If  the  air  is  exposed 
to  an  intense  cold,  it  also  parts  with  all  its  hy- 
grometric water,  which  is  a more  convenient 
method  of  operating  in  many  experiments,  as  it 
does  not  require  the  presence  of  any  foreign 
substance.  So  delicate  a test  of  hygrometric 
moisture  is  the  fluoboracic  gas,  that  if  only  a 
fiftieth  part  of  moist  air  be  added  to  air  hygro- 
metrically  dried,  this  added  portion  will  be  made 


the  gas. 

By  employing  this  gas  as  a test  of  hygrome- 
tric water.  It  was  found  that  all  the  gasses  in- 
soluble (or  nearly  so)  in  water,  were  capable  of 
containing  a considerable  portion  of  hygrometric 
water  separable  by  the  means  above  mentioned. 

Some  of  the  gasses  soluble  in  water,  such  as 
oxymurlatic  acid,  carbonic  acid,  and  sulphu- 
reous acid  gas,  also  contain  a portion  of  hygro- 
metric water,  but  this  must  be  always  less  in 
proportion  to  the  solubility  of  the  gas,  since 
the  contact  of  water  constantly  tends  to  make 
them  assume  the  liquid  state. 

On  theotherhand,  muriatic  acid  gas,  even  when 
procured  by  boiling  liquid  muriatic  acid,  and 
without  being  subjected  to  any  drying  process, 
gives  no  vapour  whatever,  either  when  exposed 
to  intense  cold,  or  to  fluoboracic  acid,  and  hence 
the  authors  infer,  that  muriatic  acid  gas  contains 
no  hygrometric  water. 

Nevertheless,  these  chemists  assert  that  mu- 
riatic acid  gas  does  actually  contain  a very  large 
portion  of  water,  which  is  not  separable  from  it 
by  those  means  that  detach  hygrometric  water, 
but  is  absolutely  essential  to  its  constitution  as 
long  as  it  retains  its  gasseous  form,  and  there- 
fore, muriatic  acid  gas  cannot  be  expelled  from 
the  dry  murlats,  unless  sufficient  water  is  pre- 
sent to  unite  with  the  gas  as  it  forms,  and  to 
constitute  about  a fourth  of  its  weight.  The 


following  experiments  are  given  In  support  of 
this  opinion. 

A mixture  of  dry  muriat  of  silver  and  melted 
boracic  acid  was  strongly  heated  in  a coated 
iron  tube,  but  no  gas  was  expelled,  except  the 
common  air  of  the  apparatus.  On  the  other 
hand  a similar  mixture  was  heated  in  an  iron 
tube,  and  when  scarcely  red-hot,  some  steam  was 
passed  through  it  from  M^ater  boiling  in  a small 
retort  connected  with  the  apparatus.  Immedi- 
ately a large  quantity  of  muriatic  acid  vapour  was 
given  out,  the  muriat  of  silver  was  completely 
decomposed,  and  only  borat  of  silver  remained. 

Some  charcoal  previously  ignited  in  a strong 
forge  furnace  was  mixed  with  twice  its  weight 
of  melted  muriat  of  silver,  and  the  mixture  put 
into  a porcelain  retort  and  heated.  When  red- 
hot,  a little  muriatic  acid  and  inflammable  gasses 
were  given  out, But  this  soon  ceased,  and  though 
the  heat  was  raised  so  high  as  to  soften  the  re- 
tort, no  more  gas  was  obtained.  The  greater 
part  of  the  muriat  of  silver  was  found  un- 
changed in  the  retort. 

On  the  other  hand,  similar  materials  were 
heated  in  an  earthen  tube,  and  the  steam  of 
water  was  transmitted  through  them  when 
scarcely  red-hot,  A great  abundance  of  muria- 
tic gas  was  expelled,  and  the  silver  was  entirely 
reduced.  The  reason  that  some  decomposition 
took  place  in  the  former  experiment,  was  ob- 
viously owing  to  the  great  difficulty  of  ex- 
pelling by  mere  heat  every  particle  of  water  ex- 
isting in  charcoal ; for  charcoal  not  previously 
ignited  when  heated  with  muriat  of  silver,  im- 
mediately disengages  muriatic  acid  gas,  and  the 
silver  is  reduced. 

Similar  experiments  were  made  with  vitrified 
boracic  acid,  and  fused  muriat  of  barytes.  Very 
little  muriatic  acid  was  obtained,  and  after  the 
utmost  effect  of  the  fire,  the  boracic  acid  and 
the  muriat  of  barytes  were  found  in  distinct 
strata  nearly  unchanged.  On  the  other  hand, 
the  transmission  of  steam  through  the  same 
materials,  expelled  all  the  muriatic  acid  at  a 
low  red  heat,  and  the  residue  was  borat  of 
barytes. 

The  muriats  of  strontian,  soda  and  lime  gave 
similar  results,  the  latter  however  produced 
rather  more  muriatic  gas  without  the  interven- 
tion of  the  water,  owing  probably  to  the  very 
powerful  attraction  of  the  muriat  of  lime  for 
moisture,  which  makes  it  hardly  possible  to  ex- 
pel! the  last  portions  by  mere  heat. 

As  a proof  of  the  retention  of  some  moisture- 
by  fused  muriat  of  lime,  as  well  as  by  vitreous 
phosphoric  acid,  and  by  charcoal  and  some  Other 
substances  after  bein^  strongly  Ignited,,  it  is; 
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found  that  when  heated  with  clean  Iron  filings, 
they  all  give  more  or  less  of  hydrogen  gas. 

This  action  of  water  on  the  muriatic  acid  of 
the  muriats  is  therefore  so  great,  that  the  dry 
muriats  which  resist  decomposition  at  the  high- 
est temperature  by  boracic  or  phosphoric  acids, 
are  readily  decomposed  by  the  same  reagejtts, 
with  the  intervention  of  aqueous  vapour  at  a 
very  low  red  heat.  Nor  is  this  all,  for,  as  will 
be  presently  mentioned,  the  dry  muriat  of  mag- 
nesia formed  by  passing  oxynuiriatic  acid  over 
calcined  magnesia  will  give  up  none  of  its  acid 
by  mere  heat,  but  will  readily  yield  it  by  the 
addition  of  aqueous  vapour  alone,  without  the 
assistance  of  any  other  base.  This  however  is 
not  the  case  with  most  other  muriats,  for  these 
are  not  decomposed  by  water  alone,  though 
readily  so  by  water  and  a fixed  base. 

The  decomposition  of  muriat  of  soda  by  sand 
in  this  manner  is  interesting  on  many  accounts, 
and  possibly  (as  the  authors  observe)  might 
afford  an  economical  mode  of  obtaining  the 
alkali  from  salt.  Two  parts  of  fine  sand,  and 
one  of  fused  common  salt  were  mixed  and  put 
into  a porcelain  tube  and  heated  to  redness. 
Steam  was  then  passed  through  from  a small 
retort  of  boiling  water  connected  with  the  tube, 
and  a great  abundance  of  muriatic  acid  vapour 
escaped  at  the  other  extremity.  This  was 
kept  up  for  five  hours,  at  the  end  of  which  the 
vapours  were  still  acid.  On  examining  the 
contents  of  the  tube  when  cold,  they  were  found 
to  be  an  uniform  opake  frit,  tasteless  and  inso- 
luble in  water  and  acids,  but  readily  dissolving 
with  a little  addition  of  alkali.  It  still  contained 
some  undecomposed  salt,  but  perfectly  com- 
bined and  vitrified  with  the  sand. 

Though  the  soda  was  not  in  this  experiment 
actually  obtained  separate,  there  is  no  doubt  but 
that  it  had  been  sufficient  to  dissolve  the  sand 
by  fusion.  This  fact  may  perhaps  be  of  advan- 
tage to  the  glass-maker.  The  other  earths  will 
also  furnish  a means  of  detaching  the  acid  from 
salt.  Thus  much  muriatic  acid  is  given  out  by 
calcining  balls  of  clay  and  salt,  as  long  as  the 
clay  retains  any  moisture. 

Many  of  the  metallic  muriats  equally  re- 
sist decomposition  without  the  intervention  of 
water,  and  yield  their  acid  when  moistened. 
Some  calomel  and  recently  calcined  charcoal 
were  strongly  heated  per  se.  in  a tube,  but  with- 
out any  effect ; but  when  common  unprepared 
charcoal  was  used  ami  the  heat  scarcely  reached 
a cherry- red,  much  muriatic  acid  w'as  given  out, 
and  the  mercury  was  entirely  reduced.  Cor- 
rosive. sublimate  had  the  same  effect  as  calomel. 

The  next  object  of  these  chemists  was  to  as- 


certain the  proportion  In  which  water  enters 
into  the  composition  of  liquid  or  gasseous  mu- 
riatic acid.  For  this  purpose  the  following  ex- 
periments were  made : 60.  parts  of  oxyd  of 
silver  were  combined  with  15.  of  muriatic  acid 
gas,  and  71.3  of  fused  muriat  of  silver  were 
produced.  Hence  as  fused  muriat  of  silver 
parts  with  none  of  its  acid  at  the  temperature 
of  fusion,  it  was  concluded  that  the  difference 
of  weight  between  that  of  the  oxyd  of  silver 
and  acid  gas  employed,  and  that  of  the  fused 
muriat  of  silver  produced,  (amounting  to  3.7) 
was  the  amount  of  the  water  combined  with 
the  muriatic  acid  gas  before  its  union  with 
the  oxyd  of  silver,  and  hence  this  acid  gas 
contains  about  a fourth  of  its  weight  of  com- 
bined water,  though  as  already  mentioned,  no 
water  can  be  extracted  from  it  by  the  com- 
mon means  of  freeing  gasses  from  hygrometric 
moisture.  Another  computation  was  made  in 
the  following  way.  Oxyd  of  silver  was  pre- 
pared by  adding  pure  potash  to  pure  nitrat  of 
silver,  and  it  was  dried  at  the  beat  of  a boiling 
solution  of  muriat  of  lime.  Some  of  this  oxyd 
was  separately  heated  per  se  till  the  silver  was 
reduced,  and  it  was  afterwards  found  to  contain 
no  moisture,  and  by  estimating  the  oxygen 
given  out  in  the  reduction,  the  oxyd  was  found 
to  be  constituted  in  the  proportion  of  100.  of 
silver  to  7.6  of  oxygen.  The  oxyd  being  thus 
previously  analyzed,  a given  weight  wascombined 
with  a known  weight  of  muriatic  acid  gas,  and 
the  fused  muriat  of  silver  resulting  from  the 
mixture  being  weighed,  this  salt  was  estimated 
to  consist  of 

100.00  Silver 
7.60  Oxygen 
25.71  Muriatic  acid 

A given  quantity  of  muriatic  acid  gas  dis- 
solved in  water  was  then  precipitated  by  nitrat 
of  silver,  and  (estimating  from  the  above  data) 
muriatic  acid  gas  was  found  to  contain  24  per 
cent,  of  water,  which  nearly  coincides  with  the 
former  experiment. 

A further  proof  of  the  existence  of  water  In 
muriatic  acid  gas,  is  stated  by  these  chemists  to 
be  furnished  by  the  mutual  action  of  hydrogen 
and  oxymuriatic  acid  gas,  and  as  the  particulars 
of  these  experiments  (whatever  be  the  inference) 
are  most  interesting,  we  shall  give  them  with 
some  minuteness. 

First  to  determine  the  specific  gravity  of  oxy- 
muriatic gas,  a retort  was  partly  filled  with  com- 
mon salt,  oxyd  of  manganese,  and  dilute  sul- 
phuric acid,  and  the  oxymuriatic  acid  gas  ob-% 
tained  by  gently  heating  these  materials  was 
passed  through  a large  quantity  of  dry  muriat 
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c»f  lime,  iintl  thonce  through  a tube,  to  the  bot- 
tom of  a dry  matrass  full  of  common  air.  As 
tJie  acid  gas  is  much  heavier  than  common  air, 
and  as  the  tube  dipped  quite  to  the  bottom  of 
tlie  matrass,  in  half  an  hour  the  whole  of  the 
common  air  was  expelled,  and  the  oxymuriatic 
acid  gas  had  taken  its  place.  The  whole  was 
then  weighed,  and  by  making  the  proper  cor- 
rections, the  specific  gravity  of  the  oxymuriatic 
acid  gas  was  found  to  be  2.1?  common  air  being 
1.  This  experiment  was  repeated  twice,  the 
acid  gas  being  analyzed  afterwards  in  order  to 
ascertain  that  it  contained  neither  common  air, 
nor  carbonic  acid. 

Oxymuriatic  acid  gas  was  placed  in  contact 
with  hydrogen  in  two  modes,  by  ammonia,  and 
by  pure  hydrogen  gas. 

. In  the  former  mode,  a narrow  necked  matrass 
filled  with  oxymuriatic  acid  gas  was  dipped  into 
liquid  ammonia.  In  a few  minutes  the  whole 
of  the  gas  was  decomposed,  and  in  its  place  a 
quantity  of  azote  was  produced,  equal  to  a third 
of  the  volume  of  the  oxymuriatic  gas. 

Hence,  as  ammonia  consists  of  one  part  in 
bulk  of  azote,  and  three  of  hydrogen,  it  follows 
that  the  oxymuriatic  acid  gas  must  have  absorbed 
three  times  the  bulk  of  the  azote,  or  in  this  case, 
as  much  hydrogen  as  the  acid  gas  itself:  hence 
too  fas  two  volumes  of  hydrogen  unite  with  one 
of  oxygen  to  produce  water j the  oxygen  in  the 
acid  gas  is  inferred  to  be  equal  to  half  its  bulk. 
As  this  experiment  is  attended  with  some  risk 
of  explosion,  it  is  proper  to  use  the  liquid  am- 
monia in  a dilute  state,  to  introduce  but  little  of 
it  at  a time  into  the  matrass,  and  not  to  shake 
them  together. 

The  other  mode  of  making  the  experiment  is 
by  mixing  oxymuriatic  acid  gas  and  hydrogen 
gas,  and  exposing  them  with  caution  to  the 
sun’s  rays.  For  this  purpose  a glass  matrass 
was  selected,  the  neck  of  which  entered  the 
neck  of  another  balloon  matrass  of  the  same 
capacity,  and  was  made  to  fit  by  grinding. 

One  of  the  vessels  was  filled  with  oxymu- 
riatic acid  gas,  and  the  other  with  an  equal 
volume  of  hydrogen,  and  they  were  brought  in 
contact  by  thrusting  the  smallest  neck  into  the 
larger,  and  the  juncture  was  made  still  firmer 
by  cement.  This  apparatus  was  exposed  to 
the  diffused  solar  light  for  two  or  three  days, 
during  which  the  greenish- yellow  of  the  oxy- 
muriatic acid  gas  gradually  disappeared.  The 
process  was  finished  by  putting  the  apparatus 
into  the  sun’s  direct  rays  for  an  hour  or  two. 
Tlie  apparatus  was  then  opened  under  mercury, 
and  no  absorption  took  place,  shewing  that  the 
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bulk  of  the  gasses  remained  the  same,  but  on 
introducing  a little  water,  the  whole  gas  was 
immediatelv  condensed  into  liquid  muriatic  acid, 
with  the  exception  of  a few  remaining  bubbles 
of  gas,  supposed  to  be  the  azotic  impurity  of 
the  gasses  employed. 

Some  care  is  required  in.  making  this  experi- 
ment. If  the  mixed  gasses  are  at  first  exposed 
to  the  direct  rays  of  the  sun,  the  whole  deto- 
nates in  a few  minutes  with  a violent  explosion. 
On  the  other  hand,  if  the  vessel  is  set  in  a per- 
fectly dark  place,  no  action  whatever  appears 
to  take  place  in  several  days  i so  that  if  after 
this  it  is  placed  in  a bright  sunshine,  it  deto- 
nates as  violently  to  all  appearance^as  it  would 
do  on  the  first  moment  of  mixture.  To  suc- 
ceed therefore  in  this  experiment,  the  vessel 
should  be  set  in  as  light  a place  as  possible,  but 
protected  from  the  direct  sunshine,  till  the  de- 
composition appears  nearly  compleated,  and  the 
peculiar  colour  of  the  oxymuriatic  acid  gas  is 
gone,  after  which  it  may  be  as  well  to  compleat 
the  process  by  a few  hours  in  the  direct  sunshine. 

It  appears  therefore  that  one  volume  of  oxy- 
muriatic acid  gas  and  one  volume  of  hydrogen, 
produce  by  their  mutual  action  two  volumes  of 
muriatic  acid  gas,  without  any  other  gas  being 
generated,  or  any  water  deposited.  The  spe- 
cific gravities  of  these  gasses  is  given  by  the 
authors  as  follows : (common  air  being  unity) 
viz.  Oxymuriatic  acid  gas  2.47  Oxygen  gas 
1.1034.  Hydrogen  gas  0.0732- 

Hence  the  absolute  weight  of  247  grains  of 
oxymuriatic  acid  gas  (supposing  it  to  consist  of 
equal  volumes  of  oxygen  and  muriatic  acid  freed 
from  water  of  composition)  will  be 

Grains. 

55.17  Oxygen 
191.83  Dry  muriatic  acid 

247.00  grains  of  oxymuriatic  acid  gas 

And  adding  to  this  7.32  grains  of  hydrogen 
(being  the  weight  of  an  equal  volume  of  this 
gas)  the  muriatic  acid  gas  produced  will  be 
254.32  grains,  and  the  oxygen  and  hydrogen  of 
this  will  together  amount  to  62.49  grains,  which 
is  inferred  to  be  in  the  state  of  water  In  union 
with  the  muriatic  acid  gas,  and  is  24.57  per 
cent,  of  its  weight. 

Since  muriatic  acid  gas  results  from  the  union 
of  oxymuriatic  acid  gas  and  hydrogen,  it  may 
be  inferred  that  it  contains  exactly  that  propor- 
tion of  oxygen  and  real  acid  sufficient  to  con- 
vert the  metals  into  muriats,  and  it  will  be  totally 
absorbed  by  those  metals  that  have  the  strongest 
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affinity  for  oxygen.  Thus  if  clean  iron  turrt- 
iiigs  are  heated  to  low  redness  in  a gun-barrel, 
and  muriatk  acid  gas  is  passed  through,  pure  hy- 
drogen gas  is  disengaged,  and  the  iron  is  changed 
to  muriat  of  iron.  But  it  has  been  found  by 
Richter  and  Gay  Lussac,  that  in  all  similar  me- 
tallic salts,  the  acid  and  oxygen  bear  the  same 
proportions  to  each  other  •,  and  hence  the  acid 
and  oxygen  must  be  in  the  same  ratio  in  muriat 
of  iron  as  in  muriat  of  silver,  or  (from  the  ana- 
lysis of  the  latter  salt)  as  7.60  oxygen  to  25.71 
acid.  These  therefore  must  be  the  respective 
quantities  of  oxygen  and  acid  in  muriatic  acid 
gas,  since  it  forms  muriat  of  iron  by  simple 
union  with  this  metal.  On  the  other  hand,  the 
hydrogen  is  found  by  the  experiment  of  hydro- 
gen and  oxymuriatic  acid  gas  to  be  in  the  same 
proportion  to  the  oxygen  in  muriatic  acid  gas  as 
that  which  constitutes  water,  which  for  7.6 
oxygen  will  require  1.034  hydrogen” 8. 634 
water : and  if  this  (from  the  analogy  with  muriat 
of  silver)  requires  25.71  acid,  the  whole  will 
constitute  2.5.71-|-8.634=:S4. 344  muriatic  acid 
•gas,  of  which  the  water  constitutes  almost  ex- 
actly a fourth  of  the  weight. 

The  next  object  of  enquiry  with  these  emi- 
nent chemists  was  to  determine  the  action  of 
dry  oxymuriatic  acid  gas  on  various  bodies. 
The  constitution  of  this  gas  is  assumed,  as  al- 
ready mentioned,  to  be  muriatic  acid  freed 
from  its  water  of  composition,  in  gasseous  com- 
bination with  its  own  volume  of  oxygen.  It 
may  be  decomposed  in  its  gasseous  state  in 
three  ways:  1st,  by  those  substances  which  ab- 
sorb it  entirely,  such  as  the  metals,  sulphur, 
and  phosphorus.  2dly,  by  those  oxyds  (earthy 
or  metallic)  which  combine  with  the  dry  muri- 
atic acid,  and  thus  disengage  the  oxygen  of  the 
gas  : and  Sdly,  by  hydrogen  or  substances  con- 
taining hydrogen,  which  by  uniting  to  the  oxy- 
gen of  the  oxymuriatic  acid  gas  will  furnish  that 
quantity  of  water  necessary  to  cause  the  muri- 
atic acid  to  assume  the  gasseous  form. 

The  first  method  of  decomposing  oxymuriatic 
acid  gas  is  by  placing  it  in  contact  with  most 
of  the  metals,  whence  the  metallic  muriats  are 
produced. 

Sulphur  also  forms  with  oxymuriatic  acid 
gas  a compound  first  discovered  by  Dr.  Thom- 
son, and  which  is  considered  by  Berthollet  as  a 
triple  compound  of  muriatic  acid,  oxygen,  and 
sulphur.  Many  of  the  metallic  sulphurets 
furnish  the  same  compound. 

Oxymuriatic  acid  gas  is  also  decomposed  by 
phosphorus,  and  the  result  is  a very  singular 
compound  which  was  first  described  by  Sir  H. 


Davy,  who  obtained  it  by  heating  phosphorus 
in  the  gas.  It  has  been  procured  by  the  French 
chemists  in  the  following  manner  : some  phos- 
phorus was  put  at  the  bottom  of  a glass  tube 
closed  at  one  end,  and  over  it  about  double  the 
weight  of  calomel.  A gradual  heat  was  ap- 
plied, the  phosphorus  slowly  sublimed  through 
the  calomel,  and  almost  immediately  the  pecu- 
liar liquid  in  question  was  produced,  which 
condensed  in  a small  receiver  adapted  to 
the  open  end  of  the  tube,  but  closed  from  the 
access  of  external  air.  This  peculiar  liquid 
is  limpid,  fuming,  colourless,  acid,  and  very 
caustic.  When  exposed  to  the  air  it  is  entirely- 
decomposed,  and  phosphorus  is  deposited. 
Water  partly  dissolves  it,  and  phosphorus  se- 
parates. Potassium  burns  in  it  vehemently,  and 
muriatic  acid  gas  is  formed.  When  this  liquor 
is  heated  and  its  vapour  passed  through  heated 
iron  filings  it  is  totally  decomposed,  no  gas  is 
given  out,  and  the  iron  is  changed  to  muriat  and 
phosphuret  of  iron.  Corrosive  sublimate  an- 
swers as  well  for  obtaining  this  liquid  as  calomel. 

The  second  method  of  decomposing  oxymu- 
riatic acid  gas  is  by  the  action  of  some  sub- 
stance which  absorbs  the  acid  and  allows  th® 
oxygen  to  escape.  Lime  answers  this  purpose. 
Some  pure  and  strongly  ignited  lime  was  in- 
tensely heated  In  a porcelain  tube,  and  dry 
oxymuriatic  gas  was  passed  through.  The  ga» 
was  almost  totally  decomposed,  much  oxygen 
gas  was  evolved,  and  the  tube,  when  cold,  was 
found  to  contain  a fused  mass  of  muriat  of 
lime. 

A similar  decomposition  took  place  by  passing 
the  gas  through  calcined  magiiesia ; much  oxy- 
gen was  given  out,  and  a dry  neutralized  mu- 
riat of  magnesia  remained.  This  muriat  did 
not  part  with  its  acid  at  a very  intense  heat  j 
but  as  soon  as  it  was  moistened  it  became  simi- 
lar to  the  common  muriat  prepared  by  dissolving 
magnesia  In  liquid  muriatic  acid  ; and  like  this 
it  now  yielded  up  its  acid  at  a very  moderate 
ignition. 

The  third  mode  of  decomposing  oxymuriatic 
acid  gas  is  by  hydrogen,  either  singly  or  holding 
, sulphur,  &c.  in  solution,  or  in  the  form  of 
water.  The-  decomposition  by  hydrogen  alone 
has  been  fully  described. 

Sulphuretted  hydrogen,  mixed  with  oxymu- 
riatic acid  gas,,  gave  an  immediate  deposition  of 
sulphur,  and  muriatic  acid  gas  was  produced  ia 
equal  volume  to  the  gasses  employed. 

Phosphuretted  hydrogen  decomposed  it  with- 
equal  rapidity. 

^arburetted  hydrogen  decomposed  it  only 
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aftfr  some  days  CKposure  to  light,  and  charcoal 
was  deposited. 

The  vapour  of  water  and  oxymuriatic  acid' 
gas  were  both  together  transmitted  tlirough  a 
red-hot  porcelain  or  luted  glass  tube,  and  the 
products  were  oxygen  gas  and  liquid  muriatic 
acid.  When  the  tube  was  kept  very  hot  and 
the  vapour  of  the  water  was  abundant  in  pro- 
portion to  the  oxymuriatic  acid  gas,  scarcely  a 
particle  of  the  latter  escaped  decomposition. 

The  converse  of  these  experiments,  and  what, 
the  authors  consider  as  a proof  of  the  justness 
of  the  theory  derived  from  them,  was  the  fai- 
lure to  decompose  o.xymuriatic  acid  gas  by 
other  substances  in  themselves  greedy  of  oxygen, 
but  either  containing  no  hydrogen,  and  there- 
fore not  being  able  to  produce  water  with  the 
oxygen  of  tire  oxymuriatic  acid  gas,  to  enable 
it  to  become  gasseous  muriatic  acid ; or  else, 
being  of  such  a nature  when  oxydated  as  not  to 
ibrm  chemical  compounds  with  muriatic  acid 
deprived  of  water,  'i  he  substances  employed 
were  sulphurous  acid  gas,  carbonic^cid,  nitrous 
oxyd,  and  nitrous  gas,  all  carefully  freed  from 
hygrometric  moisture  ; and  these  were  mixed 
with  equally  dry  oxymuriatic  acid  gas,  and 
kept  for  several  days  exposed  to  light,  but  the 
green  colour  of  the  oxymuriatic  gas  v/as  un- 
altered, and  on  shaking  the  mixture  with  mer- 
cury it  was  totally  absorbed,  leaving  unchanged 
the  gas  with  which  it  had  been  mixed. 

The  diy  sulphites  of  barytes  and  lime  were 
kept  for  five  or  six  days  in  contact  with  dry 
oxymuriatic  acid  gas,  but  without  any  change  ; 
though  on  moistening  them,  the  products  were  a 
mixed  sulphat  and  muriat  of  the  earth  employed, 
and  a disengagement  of  sulphureous  acid  gas. 

We  shall  conclude  our  account  of  the  expe- 
riments of  Messrs.  Gay  Lussac  and  Thenard, 
by  the  shor^  summary  which  they  have  given 
of  the  leading  facts. 

1.  Oxymuriatic  acid  gas  when  singly  exposed 
to  the  sun’s  rays,  is  not  changed,  but  when  it  is 
at  the  same  time  in  contact  with  water  it  dis- 
appears, and  is  converted  into  muriatic  acid 
gas  and  oxygen. 

2.  Hydrogen  gas  and  oxymuriatic  acid  gasses, 
in  equal  volumes,  when  exposed  to  solar  light, 
oombine  into  muriatic  acid  gas,  without  change 
of  volume  or  deposition  of  water. 

3.  Pure  charcoal  has  no  effect  on  oxymuri- 
atic acid  gas  at  any  temperature,  but  if  it  con- 
tains hydrogen  muriatic  acid  .gas  is  produced, 
and  if  it  contains  water,  both  muriatic  acid  gas 
and  carbonic  acid  are  generated.  • 


4 . Phosphorus  absorbs  oxymuriatic  acid  gas, 
and  produces  a peculiar  liquid. 

5.  The  same  liquid  is  obtained  by  treating 
the  muriats  of  mercury  with  phosphorus,  nn.d 
filien  the  mercury  is  reduced,  but  no  muriatic 
acid  is  disengaged. 

6.  Sulphur  absorbs  oxymuriatic  acid  gas, 
producing  that  peculiar  compound  first  dis- 
covered by  Dr.  Thomson. 

7.  The  metallic  sulphurcts  have  the  same 
action  as  water. 

8.  All  the  metals  will  combine  with  oxymu- 
riatic acid  gas,  and  form  thereby  metallic  mu- 
riats. Some  of  the  metals,  such  as  zinc  and 
iron,  are  powerfully  acted  on  by  muriatic  acid 
gas,  and  hence  result  metallic  muriats,.  similar 
to  those  obtained  from  the  oxymuriatic  acid, 
but  also  with  the  production  of  as  much  hy- 
drogen as  the  volume  of  muriatic  acid  ga« 
absorbed. 

9.  None  of  these  muriats  can  be  decomposed 
by  pure  charcoal,  by  vitrified  boraclc  acid,  or 
by  glass  of  phosphorus. 

JO.  On  the  other  hand,  all  these  muriats  may 
be  decomposed  by  the  above  substances  witli 
the  assistance  of  water,  or  by  carburetted  hy- 
drogen, and  hence  by  animal  and  vegetable  sub- 
stances. The  metallic  muriat  with  water  and 
charcoal  produces  muriatic  acid  gas,  carbonic 
oxyd,  and  the  metal  is  reduced  : the  muriat  with 
water  and  phosphoric  acid,  gives  muriatic  acid 
gas,  and  the  metallic  phosphat ; the  muriat  with 
hydrogen  gives  muriatic  acid  gas,  and  the  metal 
is  reduced. 

11.  The  muriats  of  barytes,  strontian,  lime, 
potash,  soda,  and  magnesia,  when  quite  dry^ 
are  not  decomposed  by  the  dry  boracic  and 
phosphoric  acids,  but  are  readily  decomposed  by 
them  when  moisture  is  present.  Charcoal 
however  in  neither  case  decomposes  them. 

12.  The  muriats  of  glycine,  yttria,  alumine, 
zircon,  and  silex,  would  probably  agree  in  pro- 
perties with  those  last  mentioned,  if  they  could 
be  obtained  free  from  water. 

IS.  When  muriatic  acid  gas  and  dry  oxyd  of 
lead  are  mixed  together  at  a moderately  high 
temperature,  the  gas  is  absorbed,  and  muriat 
of  lead  and  water  are  produced  ; the  same  re- 
sult is  obtained  with  the  other  metallic  oxyds. 

14.  A similar  result  with  the  last  is  obtained 
by  using  barytes,  strontian,  and  lime,  instead 
of  oxyd  of  lead. 

15.  Common  salt  cannot  be  decomposed  at 
any  temperature  by  sand  or  alumine,  but  is 
easily  decomposed-  by  ‘either  .of  them  when 
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jnoistened.  The  same  may  be  said  of  the  mu- 
riats  of  bai'ytes,  potash,  strontian,  and  lime. 

16.  Oxymuriatic  acid  gas,  when  in  contact 
with  liquid  ammonia,  disappears,  muriat  of 
ammonia  is  formed,  together  with  azote,  equal 
in  volume  to  a third  of  the  acid  gas  absorbed. 

17.  Sulphureous  acid  gas,  nitrous  ox  yd,  and 
nitrous  gas,  have  no  action  on  oxymuriatic  acid 
when  dry,  but  with  contact  of  moisture  the 
decomposition  is  sudden,  and  the  above  three 
gasses  become  oxygenated. 

18.  The  dry  sulphites  have  no  action  on 
oxymuriatic  gas,  but  when  moisture  is  admitted 
the  action  soon  begins,  sulphureous  acid,  a 
muriat,  and  a sulphat  are  formed. 

19.  When  Libavius’s  liquor  (or  dry  muriat  of 
tin)  is  put  in  contact  with  ammonia  over  mer- 
cury the  gas  is  absorbed,  no  other  gas  is  given 
out,  and  a white  solid  is  produced,  which  when 
heated,  sublimes  entire.  , Ammonia  therefore 
will  not  separate  oxyd  of  tin  from  this  solu- 
tion, unless  water  is  added,  and  then  the  oxyd 
separates  immediately. 

20.  When  phosphorus  is  treated  by  oxymu- 
riatic acid  gas,  a liquid  and  a solid  compound 
are  formed,  which  will  unite  to  ammonia  into 
a singularly  fixed  substance,  but  without  obvious 
decomposition,  unless  water  is  added,  in  which 
case  ammonia  is  expelled,  and  muriatic  and 
phosphoric  acids  are  produced. 

21.  Oxymuriatic  acid  gas  absorbs  thrice  its 
volume  of  ammoniacal  gas,  a dry  muriat  of 
ammonia  is  producedj  and  azote  about  equal  to 
a tenth  of  the  entire  volume  is  given  out. 

We  shall  now  proceed  to  give  some  of  the  lead- 
ing experiments  on  oxymuriatic  acid  and  its  com- 
pounds, from  which  the  most  original  and  in- 
ventive chemist  of  our  own  times  has  raised  a 
theory  that  at  present  divides  the  chemical 
world.'* 

The  opinion  advanced  by  Sir  H.  Davy  on  the 
nature  of  these  substances  is,  that  oxymuri- 
atic acid  is  a simple  undecomposed  substance 
containing  no  oxygen,  but  capable  of  combining 
with  many  bases  into  compounds,  in  many  re- 
spects analogous  to  oxyds,  and  often  giving  out 
heat  and  light  during  the  combination.  To 
avoid  confusion  in  this  mode  of  considering  the 
subject,  and  the  impropriety  of  expressing  in 
its  name  the  presence  of  oxygen,  the  inventor 
of  this  theory  has  given  to  oxymuriatic  acid  the 
term  Chlorine^  derived  simply  from  the  green 
colour  which  it  possesses  when  in  a gasseous 
form.  On  the  other  hand,  Muriatic  Acid 
is  a compound  of  chlorine  and  hydrogen  in 
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equal  volumes,  and  contains  no  water  of  corn-* 
position  when  in  the  form  of  gas. 

Chlorine  or  Oxymuriatic  Gas, 

This  substance  is  of  a yellowish  green  colour^ 
when  gasseous.  Its  sp.  gr.  is  to  that  of  hydro- 
gen, as  .33.5  to  1.  and  100  cubical  inches  at  a 
mean  temperature  and  pressure  weigh  76  to  77 
grains.  Water  at  60°.  dissolves  about  double 
its  volume  of  this  gas.  When  an  inflamed  taper 
is  introduced  into  a phial  filled  with  it,  the 
light  continues,  but  of  a dull  red  colour,  and 
a dark  carbonaceous  smoke  arises  from  the 
flame.  Many  of  the  metals  introduced  into  it 
in  thin  leaves  or  in  powder  take  fire,  and  bum. 
spontaneously  at  a common  temperature.  Such 
are  copper,  tin,  arsenic,  zinc,  antimony,  potas- 
sium, and  sodium.  Phosphorus  burns  in  it 
spontaneously  with  a pale  white  light,  producing 
a white  volatile  powder.  Sulphur  melted  in  it 
does  not  burn,  but  forms  with  it  a volatile  red 
liquor. 

Chlorine  is  not  changed  by  the  action  of  elec- 
tricity if  pure. 

It  is  not  altered  by  any  action  of  heat  or  cold, 
but  its  aqueous  solution  freezes  at  about  4.0°. 
Fahr. 

It  is  capable  of  holding  hygrometi'ic  water  in 
solution,  which  may  be  separated  by  muriat  of 
lime. 

Chlorine  when  quite  dry  does  not  change 
vegetable  colours,  but  when  moisture  is  present 
the  colours  are  speedily  destroyed  or  brought 
to  a dull  yellow. 

Chlorine  unites  with  oxygen  forming  a pecu- 
liar compound,  which  will  he  presently  noticed. 

When  potassium  is  introduced  into  chlorine 
gas,  a very  vivid  inflammation  ensues,  and  a 
dry  salt  results,  which  is  the  same  as  fused 
muriat  of  potash.  One  grain  of  potassium  ab- 
sorbs about  1.1  cubic  inch  of  the  gas.  If  the 
potassium  is  first  oxydated  by  combustion  in 
oxygen  gas,  and  the  dry  oxyd  thus  produced  is 
afterwards  gently  heated  in  chlorine,  as  much 
oxygen  is  expelled  from  the  oxyd  as  was 
at  first  absorbed  by  the  potassium,  and  the  re- 
sidue Is  muriat  of  potash,  exactly  the  same  in 
quantity  as  would  have  been  produced  by  the 
simple  combustion  of  the  potassium  in  chlorine. 
No  water  is  produced  in  this  experiment,  pro- 
vided care  be  taken  to  exclude  the  crust  of  pot- 
ash on  the  surface  of  the  metal ; and  hence  the 
author  explains  it  to  be  an  example  of  decom- 
position of  the  oxyd  of  potassium  by  simple 
affinity,  the  chlorine  uniting  with  the  metallic 
base  and  the  oxygen  being  expelled,  Hence 
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tlie  author  of  the  experiment  considers  the  salt 
dry  murlat  of  potash,  to  be  in  fact  a compound 
of  chlorine  and  potassium,  which  agreeably  to 
the  nomenclature  he  has  adopted,  he  terms 
Polassane. 

When  sodium  is  used  similar  appearances 
take  place,  chlorine  is  absorbed  (but  in  nearly 
twice  the  quantity  of  that  absorbed  by  an  equal 
weight  of  potassium)  all  the  oxygen  united  with 
the  oxyd  of  sodium  is  expelled,  and  the  com- 
pound Sodane  is  produced,  which  is  identical 
with  fused  muriat  of  soda. 

When  sodane  is  heated  with  potassium,  so- 
dium is  sublimed,  and  this  furnishes  the  easiest 
method  of  procuring  this  metal. 

Two  parts  of  potassium  furnish  one  of  sodium. 

When  potassium  is  exposed  to  muriatic  acid 
gas  dried  by  muriat  of  lime,  it  immediately  be- 
comes covered  with  a white  crust,  no  inflam- 
mation ensues,  but  the  gas  is  totally  absorbed, 
and  if  proper  proportions  of  each  substance  be 
used,  the  whole  of  the  potassium  is  changed  to 
muriat  of  potash  (as  with  chlorine  and  potas- 
sium), but  with  this  difference,  that  when  mu- 
riatic acid  gas  is  employed,  there  is  a gasseous 
residue  consisting  of  hydrogen,  amounting  to  a 
third  of  the  volume  of  the  muriatic  gas  employed. 

The  muriat  of  potash  thus  produced  will 
furnish  with  nitrat  of  silver  exactly  the  same 
weight  of  muriat  of  silver  as  the  same  quantity 
of  muriatic  acid  gas  simply  absorbed  by  water, 
and  then  decomposed  by  nitrat  of  silver.  This 
fact,  which  was  at  first  brought  forv/ard  as  a 
proof  of  the  existence  of  combined  w'ater  in 
muriatic  acid  gas,  will  obviously  admit  of  an 
equally  consistent  explanation  on  the  hypothe- 
sis, that  this  gas  consists  of  chlorine  and  hydro- 
gen, and  that  the  dry  muriats  are  compounds  of 
chlorine  and  the  base,  singly  and  notoxydated. 

It  has  been  stated  that  when  the  oxyds  of 
potassium  are  heated  in  chlorine,  muriat  of  pot- 
ash (or  the  compound  of  chlorine  and  potassium) 
is  produced,  and  as  much  oxygen  is  expelled  as 
was  before  contained  in  the  oxyd.  The  same 
takes  place  when  the  oxyds  of  barium,  stron- 
tium, and  calcium,  (or  in  other  words,  the 
earths  barytes,  strontian,  and  lime)  are  heated 
with  chlorine ; the  dry  muriated  earth  is  pro- 
duced, and  oxygen  is  expelled. 

The  compounds  produced  by  the  action  of 
chlorine  and  phosphorus  are  peculiarly  interest- 
ing.' If  a small  exhausted  retort  furnished 
with  a stop-cock  is  filled  with  dry  chlorine  gas 
and  some  phosphorus  added,  the  mixture  kin- 
dles and  burns  with  a white  flame.  The  chlo- 
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rine  is  totally  absorbed,  for  when  the  stop-cock 
is  opened,  a fresh  quantity  of  chlorine,  nearly 
as  much  as  would  have  filled  the  vessel,  will 
enter.  In  this  way,  one  grain  of  phosphorus 
will  absorb  nine  cubic  inches  of  chlorine.  A 
white  sublimate  collects  at  the  top  of  the  vessel, 
and  a limpid  fluid  trickles  down  the  sides.  The 
sublimate  gives  fumes  of  muriatic  acid  when 
exposed  to  air,  and  when  moistened  is  con- 
verted to  phosphoric  and  muriatic  acids.  This 
sublimate  is  a non-conductor  of  electricity,  and 
when  heated,  sublimes  unchanged  at  a less  heat 
than  boiling  water : w’hcn  touched  with  a 
lighted  taper  it  inflames,  and  when  passed 
through  a red-hot  glass  tube  with  oxygen, 
phosphoric  acid  is  produced,  and  chlorine  is 
evolved.  The  vapour  of  this  sublimate  red- 
dens dry  litmus.  It  absorbs  dry  ammoniacal 
gas  with.much  heat,  and  the  result  is  a com- 
pound insoluble  in  water,  without  taste  or 
smell,  which  is  undecomposable  by  acid  or  alka- 
line solutions,  and  is  not  volatile  at  an  intense 
red-heat  in  close  vessels,  but  heated  in  the  air 
it  produces  phosphoric  acid.  Sir  H.  Davy  con- 
siders the  sublimate  as  composed  of  lot  of 
chlorine  to  xiO  of  phosphorus,  as  deduced  from 
the  quantity  of  muriat  of  silver  which  it  pro- 
duces v/ith  nitrat  of  silver.  He  terms  this 
sublimate  Phos  pho  run  a . 

It  has  been  mentioned  that  along  with  this 
sublimate  a limpid  fluid  is  produced.  This 
fluid  is  obtained  in  greater  abundance  by  slib- 
liming  phosphorus  through  a stratum  of  heated 
corrosive  sublimate  or  calomel  in  a glass  tube. 

It  is  a limpid  colourless  fluid  of  the  specific 
gravity  of  1.45.  Tt  emits  acid  fumes  when  ex- 
posed to  moist  air,  but  not  to  dry : and  it  does 
not  redden  litmus  paper  unless  it  be  damp. 

The  vapour  arising  from  heating  this  fluid  is 
highly  combustible.  When  this  fluid  is  put  in 
contact  with  dry  chlorine,  it  is  converted  to 
phosphoruna,  the  last  mentioned  substance, 
and  when  in  contact  with  ammonia,  phosphorus 
is  produced,  and  the  same  compound  as  that 
formed  by  phosphorana  and  ammonia.  This 
fluid  analyzed  by  nitrat  of  silver  is  composed, 
according  to  Davy,  of  20  of  phosphorus  and  67 
of  chlorine.  It  has  therefore  only  half  the  ^ 
chlorine  of  the  former  compound,  and  is  termed 
phosphorane. 

Chlorine  will  unite  with  sulphur  into  a pecu- 
liar compound,  which  was  first  produced  by 
Dr.  Thomson,  by  passing  chlorine  over  flow- 
ers of  sulphur,  and  considered  by  him  as  sul- 
phuretted muriatic  acid.  It  is  obtained  also 
10.  Davy’s  Elements. 
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more  expeditiously  by  heating  sulphur  in  a re- 
tort filled  with  chlorine,  'i'hc  compound  in 
question  is  a fluid  volatile  below  200'’.,  and 
distills  into  the  cold  part  of  the  retort.  Its 
colour  by  reflected  light  is  red,  but  yellowish 
green  in  transmitted  light.  It  smokes  when 
exposed  to  air.  Its  specific  gravity  is  l.G.  It 
does  not  redden  dry  litmus.  When  water  is 
added,  it  becomes  turbid  and  strongly  sour  with 
sulphuric  acid. 

Ten  grains  of  sulphur  absorb  nearly  SO  cubic 
inches  of  chlorine,  which  is  nearly  in  the  pro- 
portion of  30  sulphur  to  67  chlorine.  Consi- 
dering this  as  a compound  of  sulphur  and  chlo- 
rine, SirH.  Davy  calls  it  Sulphin'anc. 

The  appearances  that  take  place  on  the  union 
of  chlorine  and  hydrogen  have  been  already 
fully  described.  One  volume  of  hydrogen 
unites  to  1 volume  of  chlorine,  or  1 in  weight 
of  hydrogen  to  33.5  chlorine,  and  the  product 
is  2 volumes  of  muriatic  acid  gas.  This  ele- 
mentary experiment  has  been  explained  accord- 
ing to  each  theory  of  muriatic  acid  as  has  been 
already  described. 

Chlorine  has  no  action  whatever  on  carbon 
even  when  assisted  by  common  ignition  or  by  the 
most  intense  power  of  voltaic  electricity,  pro- 
vided the  chlorine  be  previously  dried,  and  the 
charcoal  ignited  in  a strong  heat. 

The  action  of  chlorine  on  most  of  the  metals 
is  very  powerful,  many  of  them  burning  with 
a brilliant  flame  when  introduced  in  a divided 
state  into  chlorine  gas.  The  products  vary  con- 
siderably in  consistence  and  sensible  properties, 
being  in  some  instances  solid,  in  others  forming 
dense  fluids,  which  have  been  long  known  under 
the  name  of  metallic  butters. 

Thus  the  Bidter  of  Arscni(^\s  produced  by 
the  action  of  chlorine  on  metallic  arsenic  ; the 
Butter  of  Anti  man  1/ by  chlorine  and  antimony, 
&c.  The  compound  of  chlorine  and  mercury 
is  corrosive  sublimate  ; tin  and  chlorine  fur- 
nishes that  singular  fluid  called  Libavius’s  liquor. 
If  this  liquor  is  confined  jn  ammoniacal  gas,  the 
ammonia  i?  absorbed  with  much  heat,  and  a 
grey  solid  is  produced,  which  when  heated  is 
entirely  volatilized  in  very  pungent  fumes;  am- 
monia therefore  alone  does  not  decompose  this 
liquor,  but  when  water  is  added  a peroxyd  of 
tin  is  deposited,  and  the  liquid  becomes  a solu- 
tion of  muriat  of  ammonia.  All  the  com- 
pounds of  chlorine  and  of  the  metals  are  decom- 
posed by  water,  the  metal  being  partially  sepa- 
rated In  the  form  of  oxyd  and  the  liquid  con- 
taining muriatic  acid.  This  is  explained  by 


Sir  H.  Davy  on  the  hypothesis,  that  the  wntd*- 
is  decomposed  on  the  compound  of  chlorine  and 
the  metal,  the  oxygen  of  the  water  passing  to 
the  metal,  and  its  hydrogen  uniting  wdth  the 
chlorine  to  form  the  muriatic  add  which  r$ 
then  generated. 

The  metallic  oxf/ds  are  most  of  them  acted 
upon  by  chlorine,  but  with  great  difference  in 
the  appearances.  The  oxyds  of  lead,  silver, 
tin,  copper,  antimony,  bismuth,  and  telluriurh 
are  decomposed  in  a heat  below  redness ; the 
oxyds  of  cobalt  and  nickel  require  a red  heat ; 
the  red  oxyd  of  iron  is  not  at  all  acted  on,  hut  the 
black  oxyd  is  wdth  ease : arsenical  acid  is  no't 
altered  by  being  heated  in  chlorine,  but  the  whife 
oxyd  is  readily  decomposed.  In  the  cases  where 
oxygen  was  given  off,  it  was  found  to  be  pretty 
exactly  the  same  as  that  which  previously  ex- 
isted in  the  oxyd. 

All  these  compounds  have  received  new 
names  in  the  author’s  nomenclature  with  the 
termination  one ; the  compound  of  silver  and 
chlorine  being  or  gent  one  ^ butter  of  antimony, 
antirnomine,  &c. 

Chlorine  and  Oxygen.  Euciilokine, 
Tins  curious  compound  of  chlorine  and  oxygcfi 
w'as  discovered  by  Sir  H.  Davy  in  181 1.^ 

Chlorine  prepared  from  pure  oxyd  of  man- 
ganese Is  uniform  in  its  properties,  but  the  gas 
obtained  by  muriatic  acid  and  the  salts  com- 
monly called  hyperoxymurlats, differs  very  much 
in  Its  properties,  according  to  the  circumstance's 
of  Its  preparation.  When  much  acid  is  Em- 
ployed to  a small  quantity  of  salt,  and  the  gas  is 
collected  over  water,  the  water  becomes  tinged 
of  a lemon  colour,  but  the  gas  is  pure  chlorine 
the  same  as  that  from  manganese.  But  when 
the  gas  is  collected  over  mercury,  and  is  pro- 
cured from  a weak  acid  and  a great  excess  of 
the  salt  by  a low  heat,  its  colour  is  a deep  green- 
ish yellow,  and  it  possesses  properties  totally 
different  from  pure  chlorine.  This  gas  termed 
Euchlorine  by  the  discoverer,  is  distinguished 
for  the  facility  with  wdilch  it  explodes,  often 
merely  on  being  transferred  from  one  vessel  to 
another,  and  always  by  a very  gentle  heat,  and 
hence  it  Is  not  safe  to  operate  on  large  quanti- 
ties. By  explosion  in  close  vessels,  it  is  re- 
solved Into  chlorine  and  oxygen.  This  gas  is 
partially  decomposed  by  water,  and  oxygen  Is 
set  free,  but  it  is  very  little  so  by  mercury. 

On  the  other  hand  mercury  readily  absorbs 
pure  chlorine,  and  therefore  the  two  gasses 
may  be  separated  by  agitation  with  mercury* 
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which  forms  corrosive  subimate  with  any  por- 
tion of  chlorine  with  which  the  gas  is  mixed, 
and  the  euchlorine  remains  pure. 

Euchlorine  is  more  yellow  than  chlorine,  and 
its  smell  is  like  that  of  burnt  sugar.  Its  speci- 
fic gravity  is  to  that  of  hydrogen  as  S3  to  1.  and 
loo  cubic  inches  of  it  weigh  from  74  to  75 
grains.  30  parts  of  euchlorine  after  detonation 
expand  to  60  parts,  of  which  about  40  are 
chlorine  and  20  pure  oxygen,  and  hence  it  is 
composed  of  two  parts  in  volume  of  the  former 
to  one  of  the  latter,  and  the  oxygen  which  it 
contains  is  condensed  to  half  its  volume. 

Water  takes  up  about  8 or  10  times  its 
volume  of  euchlorine,  but  this  cannot  be  again 
expelled  without  decomposition. 

When  euchlorine  is  detonated  v/lth  twice  its 
volume  of  hydrogen,  there  is  an  absorption  of 
more  than  y,  and  a solution  of  muriatic  acid  is 
formed:  when  the  euchlorine  is  in  larger  pro- 
portion there  is  also  an  evolution  of  oxygen. 

None  of  the  metals  that  burn  in  chlorine  act 
upon  euchlorine  at  common  temperatures,  but 
when  the  oxygen  is  separated,  or  when  the  heat 
is  raised,  they  then  inflame. 

, Thus  let  a vessel  be  exhausted  and  filled  with 
euchlorine  and  some  brass  foil  Introduced,  and 
no  action  will  ensue,  but  on  passing  up  a little 
nitrous  gas  the  oxygen  is  removed,  and  then  the 
chlorine  begins  to  act  upon  the  brass  and  in- 
fiame  it. 

Phosphorus  explodes  in  euchlorine,  and  the 
product  is  phosphoric  acid  and  oxymuriat  of 
phosphorus  or  pliosphorane. 

When  euchlorine  is  mixed  with  muriatic  acid 
gas  there  is  a gradual  diminution  of  volume, 
chlorine  gas  is  formed,  and  a dew  appears  on 
the  sides  of  the  vessel. 

Euchlorine  even  when  freed  from  hygrome- 
tric  water  reddens  vegetable  blue  colours  and 
fiten  destroys  them,  which  circumstance,  toge- 
ther with  its  absorbability  by  water,  and  the 
acrid,  taste  of  its  solution  would  lead  to  the  opi- 
nion that  euchlorine  has  somewhat  of  an  acid 
nature. 

Chlos.ine  and  Azote.  A very  peculiar 
compound  of  these  two  elements,  which  appears 
to  be  one  of  the  most  powerful  detonating  sub- 
stances hitherto  known,  is  described  under  the 
2Xtic\e  Atotized  oxyrrmriatic  acid. 

Chlorine  xnd  Carbonic  Oxtd.  Some 
facts  relating  to  the  mutual  action  of  these  sub- 
stances have  been  observed  by  Mr.  John  Davy, 
which  require  a short  notice.® 

. When  equa^  voltunes  of  these  gasses  (both 


perfectly  dried  by  fused  murlat  of  lime)  are 
mixed  together  in  an  exhausted  glass  globe, 
with  a stop-cock,  and  every  precaution  taken  to 
exclude  moisture,  and  exposed  for  about  a quar- 
ter of  an  hour  to  bright  sunshine,  the  colour  of 
the  chlorine  disappears,  and  on  opening  the 
stop-cock  over  dry  mercury,  an  absorption  of 
one  half  of  the  original  bulk  takes  place,  and 
the  remaining  gas  is  a peculiar  compound  to 
which  Mr.  J.  D.  gives  the  name  of  Phosgene 
Gas.  This  gas  is  intolerably  pungent  and  suUb- 
cating,  and  reddens  litmus.  Its  specific  gra- 
vity, inferred  from  that  of  its  constituent  parts, 
is  very  great,  so  that  100.  cubic  inches  weigh 
105.97  grains. 

Water  rapidly  changes  this  gas  Into  the  car- 
bonic and  muriatic  acids.  l\Iany  of  the  metals 
heated  in  this  gas  entirely  decompose  it,  though 
without  ignition  or  explosion  in  any  Instance  : a 
compound  of  the  metal  and  chlorine  Is  formed, 
and  the  carbonic  oxyd  remains  unaltered,  and 
then  resumes  its  original  bulk,  which  is  equal 
to  that  of  the  entire  gas  before  decomposi- 
tion. Sulphur  and  phosphorus  sublime  in  the 
gas  unaltered.  This  gas  is  remarkable  for  the 
large  quantity  of  ammoniacal  gas  which  it  con- 
denses, being  as  much  as  four  times  its  volume. 
The  product  is  a white  neutral  salt  of  a pungent 
saline  taste,  effervescing  with  the  strong  acids, 
and  giving  out  muriatic  and  carbonic  acid. 

The  nature  of  this  ammoniacal  compound  Is' 
somewhat  doubtful,  and  has  been  the  subject  of 
controversy  between  Mr.  J.  Davy  and  Mr.  Mur- 
ray, but  it  is  not  doubted  that  chlorine  and  car- 
bonic oxyd  mixed  together  and  exposed  to  the 
sun’s  rays,  do  really  combine  into  the  very  dense 
gas  described  by  Mr.  J.  D.  whose  properties  are 
different  from  those  of  any  other  knov/n  gasseous 
compound.  • 

Muriatic  Acid  Gas  a.vd  Ammonia.  It  has 
been  already  observed  that  most  of  the  facts  rela- 
tive to  the  chemical  action  of  muriatic  andoxymu- 
rlatic  acids  may  be  explained  with  equal  plausi- 
bility, either  on  the  hypothesis  that  dry  muriatic 
add  gas  consists  of  muriatic  acid  and  water  of 
composition  ; that  the  dry  muriats  consist  of 
the  oxydated  base  united  to  muriatic  acid  alone, 
excluding  the  water  of  composition;  and  that 
oxymurlatic  acid  consists  of  muriatic  acid  and 
oxygen,  also  excluding  w'ater  of  composition:  or 
else  on  Sir  H.  Davy’s  hypothesis  that  oxymu- 
riatic  acid  (chlorine)  is  a simple  substance  ; that 
the  dry  muriats  consist  of  the  base,  not  oxydated, 
and  of  oxymuriatic  acid;  and  that  muriatic  acid 
gas  consists  of  oxymuriatic  acid  and  hydrogen. 


e Piiil.  Trans,  tier  1812^ 


U R 


U R 


( 15G 


Therefore  v.lien  water  is  protluccci  by  the  union 
of  mui'iatic  acid  gas  and  any  ox.yd,  it  may  cither 
be  said  that  the  water  is  simply  cxpelltn.!  from 
the  nnuiallc  acid  gas  v.hilst  uniting  with  the 
oxyd  ; or  else  that  it  is  produced  by  the  union 
of  t!ie  oxygen  of  the  oxyd  with  the  hydrogen  of 
the  muriatic  acid,  whilst  the  base  of  the  oxyd 
and  the  chlorine  of  the  muriatic  acid  form  the 
compound  usually  (but  on  this  view  incorrectly) 
termed  a muriat.  It  would  therefore  be  a de- 
cisive experiment  as  to  the  source  of  the  Matter  so 
produced,  if  it  made  its  appearance  when  muriatic 
acid  gaswas  united  to  some  base  that  contained  no 
oxygen,  as  in  this  case  the  water,  or  at  least  its 
oxygen,  must  of  course  proceed  from  tlie  mu- 
riatic acid  gas.  Mr.  Murray  has  therefore  pro- 
posed as  an  experimenfum  crucis  to  combine 
dry  muriatic  gas  with  dry  ammoniacal  gas,  since 
anunonia  is  not  generally  supposed  to  contain 
oxygen,  and  to  examine  carefully  whether  any 
water  is  condensed  during  the  experiment. 

This  experiment  has  been  performed  appa- 
rently with  groat  care,  both  by  Mr.  Murray  who 
first  proposed  it,  and  by  several  other  chemists, 
but  with  very  differing  results.  We  shall  there- 
fore not  dwell  upon  the  particulars  at  present. 
On  the  whole  it  appears  that  more  dilKculties 
than  were  at  first  supposed  stand  in  the  way  of 
very  accurate  results  When  the  two  gasses  are 
mixed  together,  a very  dense  white  cloud  im- 
mediately appears,  and  if  the  gasses  are  pure 
and  in  proper  proportions,  they  totally  combine 
into  a flocculent  saline  crust  of  muriat  of  ammo- 
nia. Some  drops  of  water  seldom  fail  to  ap- 
pear, but  from  the  very  volatile  nature  of  the 
salt  obtained,  it  is  by  no  means  easy  to  devise 
any  unexceptionable  mode  of  determining  its 
actual  dryness,  or  of  expelling  every  particle  of 
Avater  that  it  may  contain,  with  the  same  cer- 
tainty that  it  may  be  expelled  from  the  murlats 
of  potash,  of  soda,  or  of  any  other  fixed  base.  It 
must  however  be  borne  in  mind,  that  the  quan- 
tity of  water  thus  produced  should  be  consi- 
derable, in  order  to  establish  its  source  to  be  the 
muriatic  acid  gas,  since  this  gas  is  inferred  by  all 
the  experiments  that  are  explained  on  this  hy- 
pothesis to  contain  full  one  murth  of  its  weight 
of  water. 

Muriatic  Acid.  The  following  estimation 
of  the  strength  of  solutions  of  muriatic  acid  gas 
in  water  of  different  specific  gravities  may  be 
of  practical  utility.^  The  specific  gravity  of 
rnuria.tic  acid  gas  is  to  that  of  hydrogen  nearly 
as  17  to  1.  1 00  cubic  Inches  of  it  weigh  at  a 

mean  temperature  and  pressure  between  59  and 
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40  grains.  Water  at  40".  absorbs  about  480 
times  its  volume  of  the  gas,  and  then  forms  a 
liquid  muriatic  acid  of  1.2109  sp.  gr.,  and  34. H 
grains  of  muriatic  acid  gas  dissolvect  in  water 
and  the  solution  precipitated  by  nitrat  of  silver 
■wdll  give  about  132  grains  of  dry  luna  cornea, 
equal  to  379.31  grains  of  luna  cornea  from  100 
grains  of  muriatic  acid  gas. 

At  45".  therm,  and  .30°.  bar.  100  grains  of 
liquid  muriatic  acid  of  1.21  specific  gravity  con- 
tain about  42.42  grains  of  muriatic  acid  gas; 
and  100.  grains  of  acid  at  l.Oi  specific  gravity 
contain  2.02  grains  of  acid  gas.  Hence  in 
liquid  muriatic  acid  at  the  above  temperature 
and  pressure,  for  every  encrease  of  .01  specific 
gravity  above  unity,  a corresponding  encrease  of 
2.02  grains  of  muriatic  acid  gas  in  JOO  grains  of 
the  liquid  acid  may  be  allowed,  if  the  above  data 
are  accurate.  Thus  for  example,  100.  grains 
of  liquid  acid  at  1.15  specific  gravity,  will  con- 
tain 2.02x15— 30.3  grains  of  muriatic  acid, 
gas : and  2.02  grains  of  the  acid  gas  will  produce 
7.663  grains  of  dry  luna  cornea. 

We  shall  conclude  this  article  with  a short  ac- 
count of  some  further  experiments  undertaken 
by  Dr.  Henry,  on  the  action  of  electricity  on 
muriatic  acid  gas.s 

The  general  accuracy  of  the  former  experi. 
ments  is  amply  confirmed  by  the  present  series, 
but  some  slight  corrections  are  required. 

Dr.  H.  finds  on  the  most  careful  examination, 
that  under  equal  circumstances,  precisely  the 
same  relative  proportion  of  hydrogen  gas  is  ob- 
tained from  muriatic  acid  gas,  whether  it  is  or 
is  not  exposed  to  muriat  of  lime,  which  would 
shew  that  the  latter  gas  is  absolutely  free  from 
all  hygrometric  moisture. 

The  changes  produced  by  electrifying  mu- 
riatic acid  gas  over  mercury y are  a contraction 
of  the  volume  of  the  gas,  the  formation  of  ca- 
lomel and  the  evolution  of  hydrogen.  But  there 
is  a natural  limit  to  the  decomposition  of  the 
same  portion  of  gas  by  electricity,  for  by  conti- 
nuing the  shocks,  the  action  gradually  dimi- 
nishes, and  after  a time  entirely  ceases,  though 
much  of  the  muriatic  acid  gas  remains  unde- 
composed. 

On  the  other  hand,  wfien  muriatic  acid  gas  is 
electrified  in  a close  vessel,  and  not  in  contact 
with  mercury,  the  same  partial  decomposition 
goes  on,  and  hydrogen  and  oxymuriatie  acid  gas 
are  produced,  but  as  no  mercury  is  in  contact 
with  the  gasses,  the  oxymuriatie  acid  remains 
in  the  gasseous  state,  and  therefore  no  diminu- 
tion of  bulk  in  the  electrified  gasses  takes  place-, 
c Phil.  Trans. 
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No  water  is  condensed  in  either  case.  After  an 
experiment  of  this  kind,  Dr.  H.  found  on  ad- 
mitting water  to  the  vessel  containing  the  elec- 
trified gasses,  and  thus  absorbing  the  unchanged 
muriatic  acid  gas,  that  the  residue  consisted  of 
] 00.  measures  of  oxymuriatic  gas,  and  140  of 
hydrogen.  These  proportions  widely  differ 
from  those  that  might  be  expected,  from  the  fact 
that  oxymuriatic  acid  and  liydrogen  unite  in 
equal  volumes  to  form  muriatic  acid  gas  ; but 
the  author  shews  that  some  of  the  deficiency  in 
the  oxymuriatic  acid  gas  may  be  accounted  for 
by  being  absorbed  by  the  water  employed  to  re- 
move the  muriatic  acid  gas.  In  making  the 
experiment  in  a closed  vessel,  the  greatest  pro- 
portion of  hydrogen  obtainable  by  any  conti- 
nuance of  the  electrization,  amounted  only  to 
about  Toth  of  the  muriatic  gas  employed  ; while 
by  electrization  over  mercury,  from  xV  to  rVof 
hydrogen  was  generally  evolved.  The  author 
supposes  this  difference  to  arise  from  the  cir- 
cumstance of  the  mercury,  when  in  contact  with 
the  electrified  gas,  removing  the  oxymuriatic  acid 
as  fast  as  it  is  formed,  and  in  fact  none  of  this 
acid  is  found  in  any  other  form  than  united  with 
the  mercury  as  calomel.  Upon  any  theory  of 
the  constitution  of  muriatic  acid,  (Dr.  H.  ob- 
serves) it  may  be  expected  that  when  in  a mix- 
ture of  that  acid  gas  with  hydrogen  and  oxymu- 
riatic gasses  confined  in  a close  vessel,  the  two 
latter  come  to  bear  a certain  proportion  to  the 
former,  they  will  be  brought  within  the  sphere 
of  mutual  agency,  and  will  reproduce  muriatic 
acid.  This  point  appears  to  be  attained  when 
the  hydrogen  and  oxymuriatic  acid  taken  toge- 
ther have  the  proportion  to  the  muriatic  acid  of 


about  1 to  35.  Beyond  this  point  the  evolved 
gasses  appear  to  re-act  on  each  other,  and  re- 
produce muriatic  acid  gas,  so  that  no  further 
products  of  the  decomposition  of  the  muriatic 
acid  are  obtained  by  any  continuance  of  the 
electrization  on  the  same  materials. 

But  where  the  oxymuriatic  gas  Is  removed  by 
the  contact  of  mercury  as  fast  as  it  is  formed, 
this  cause  of  the  limitation  of  the  action  of 
electricity  does  not  exist.  The  cause  is  sug- 
gested by  Mr.  Dalton  to  be  the  presence  of 
hydrogen  alone;  and  In  consequence  Dr.  Henry 
mixed  30  measures  of  hydi-ogen  with  400  of 
muriatic  acid  gas,  and  passed  900  electric  dis- 
charges through  the  mixture  without  the  least 
apparent  effect,  none  of  the  mercury  with  which 
the  gas  was  confined  being  changed  into  calo- 
mel, and  the  hydrogen  and  muriatic  acid  gas 
being  recovered  unaltered  after  the  end  of  the 
process. 

When  muriatic  acid  gas  and  oxygen  are  elec- 
trified together  in  a dose  vessel,  water  is  depo- 
sited in  drops  on  the  inner  surface  of  the  vessel, 
in  the  form  of  liquid  muriatic  acid,  owing  to  its 
union  with  a portion  of  this  acid  gas.  When 
the  stop-cock  of  the  vessel  is  opened  under  mer- 
cury, a quantity  of  this  metal  rushes  in,  and 
has  its  surface  instantly  tarnished  by  the  oxy- 
muriatic acid  generated.  Indeed  the  produc- 
tion of  this  latter  acid  takes  place  merely  by 
letting  muriatic  acid  gas  and  oxygen  remain 
together  fcr  some  time  over  mercury  ; the  vo- 
lume of  the  gasses  contracts,  and  calomel  is 
formed  on  the  surface  of  the  metal. 

All  these  facts  are  equally  to  be  explained  by 
either  theory  of  the  constitution  of  muriatic  acid. 
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NADELERZ.  See  Bismuth.  4C.  Silex 

NEPHELINE,  H.  Sommite,  K.  40.  Alumine 


The  colour  of  this  mineral  is  semitransparent 
greyish-white.  It  occurs  usually  in  small  hex- 
ahedral  prisms  either  regular  or  replaced  on  the 
lateral  edges,  sometimes  also  in  disseminated 
grains.  The  lateral  edges  arc  smooth  and  shi- 
ning with  a vitreous  lustre.  The  longitudinal 
fracture  is  more  or  less  foliated  ; the  cross  frac- 
ture is  conchoidal.  Its  hardness  is  about  equal 
to  that  of  glass.  Sp.  gr.  3.27. 

By  the  long  continued  action  of  the  blowpipe 
it  melts  into  a compact  glass.  A semitrans- 
parent fragment  being  digested  in  cold  nitric 
acid  acquires  a nebulous  opacity.  It  is  com- 
posed, according  to  Vauquelin,  of 

* An.  Cii.  Ixxviil.  p. 
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2.  Lime 
1.  Oxyd  of  iron 


98. 

2.  loss 

It  has  hitherto  been  only  met  witli  lining  the 
cells  of  certain  lavas  of  Monte  Somma,  and  is 
usually  accompanied  by  Idocrase. 

NICKEL. 

A very  long  and  minute  account  of  this  metal 
in  a variety  of  its  combinations  has  been  pub- 
lished by  M.  Tupputi,*  being  the  result  of  ex- 
periments made  under  the  eyeof  M.Vauquelini 

133.  Ixxis.  p.  1S3. 
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and  with  the  assistance  of  this  eminent  chemist. 
Some  particulars  of  M.  Tupputi’s  valuable  me- 
moir may  be  here  given. 

Pare  Nickel.  This  was  obtained  from 
Spciss,  a compound  residue  of  the  Saxon  ores 
of  cobalt  and  nickel,  containing  sulphur,  much 
arsenic,  iron,  copper,  cobalt,  nickel  and  a little 
manganese. 

The  ore  was  first  dissolved  In  hot  dilute  nitric 
acid,  and  the  solution  evaporated  considerably, 
by  v/hich  most  of  the  oxyd  of  arsenic  was  sepa- 
rated on  cooling  in  the  form  of  white  crystals. 
The  clear  hot  liquor  was  then  slowly  saturated 
with  carbonat  of  soda,  which  first  separated  a 
yellowish-white  arseniat  of  iron,  followed  by  a 
rose-coloured  precipitate  of  arseniat  of  cobalt 
and  some  nickel,  which  was  succeeded  by  a 
pale  green  arseniat  of  nickel.  When  this  began 
to  appear,  no  further  alkali  was  added,  but  the 
liquor  (still  acidulous)  was  diluted  and  a cur- 
rent of  sulphuretted  hydrogen  gas  was  passed 
through,  which  after  some  time  separated  the 
arsenic  in  the  form  of  yellow  sulphuret.  The 
clear  liquor,  which  now  contained  only  nitrat 
of  nickel  and  excess  of  nitric  acid,  was  decom- 
posed by  an  alkali,  and  the  pure  oxyd  of  nickel 
was  washed  and  dried. 

This  oxyd  was  then  mixed  with  about  3 per 
cent,  of  pitch  and  reduced  in  a crucible  lined 
with  charcoal  exactly  in  the  same  way  as  the 
reduction  of  the  oxyd  of  manganese  is  accom- 
plished, and  with  an  equal  intensity  of  heat. 

The  button  of  metallic  nickel  is  of  a colour 
between  silver-white  and  steel-grey,  sp.  gr.  8.38 
increasing  to  8.82  after  being  forged,  and  scarcely 
less  magnetic  than  iron.  It  is  very  considerably 
ductile  and  malleable,  though  it  contains  a little 
charcoal,  which  appears  when  the  pure  metallic 
part  is  dissolved  by  an  acid. 

Oxf/(h  and  Il^drats.  100  parts  of  nickel 
dissolved  in  nitric  or  muriatic  acid,  precipitated 
by  a fixed  alkali  an<l  calcined,  give  127  parts  of 
a bhackish  ash-grey  insipid  oxyd.  This  is  the 
base  of  most  of  the  salts  of  nickel  in  acids,  and 
is  the  suhox^d  of  nickel. 

The  Peroxj/d  of  nickel,  first  discovered  by 
Thenard,  is  easily  prepared  by  passing  oxy- 
muriatic  gas  through  the  suboxyd  when  just 
precipitated  and  diffused  in  water;  or  by  shaking 
the  wet  hydrat  of  nickel  with  a solution  of  oxy- 
muriat  of  lime.  This  peroxyd  is  black,  and 
gives  out  oxygen  when  it  dissolves  in  sulphuric, 
nitric,  or  muriatic  acids. 

When  a pure  alkali  is  added  to  the  salts  of 
nickel,  or  when  the  solution  of  carbonat  of 


nickel  in  ammonia  is  heated,  a greenish  white 
bulky  granular  If //drat  of  nickel  is  separated, 
100  parts  of  which  lose  21  of  water  by  low  ig- 
nition, leaving  76  of  the  suboxyd. 

Sulphuret  of  Nickel  is  easily  formed  by 
melting  sulphur  with  metallic  nickel  or  with  the 
dry  oxyd.  It  is  brass-yellow,  soluble  in  acids, 
and  unmagnetic. 

Nickel  is  not  separated  in  its  metallic  state 
from  its  solutions  by  the  addition  of  any  other 
metal.  Zinc  alone  troubles  these  solutions,  and 
precipitates  a little  oxyd  of  nickel  when  there  is 
no  excess  of  acid;  but  when  there  is,  a soluble 
triple  salt  of  nickel,  zinc,  and  the  acid  employed 
is  produced,  and  the  liquid  remains  clear. 

Sulphat  of  Nickel.  Sulphuric  acid,  when 
concentrated,  hardly  acts  upon  metallic  nickel, 
but  when  diluted  dissolves  it  with  great  ease, 
giving  out  much  hydrogen  and  leaving  un- 
touched the  small  portion  of  carbon  which  the 
metal  always  contains.  This  solution  forms 
green  crystals  of  sulphat  of  nickel  of  the  form 
of  a rectangular  prism,  of  a sweet  and  astringent 
taste,  soluble  in  thrice  its  weight  of  cold  water, 
and  efflorescent  when  kept  in  the  open  air.  A 
hundred  parts  of  this  salt  lose  in  a red  heat  .')5 
parts  of  water  along  with  a little  acid,  so  that 
the  calcined  residue  gives  a blue  to  litmus.  The 
oxyd  of  nickel  In  iOO  of  the  crystallized  salt  is 
2j. 6.‘3,  leaving  29.37  for  the  acid. 

Nitrat  of  Nickel.  Nitric  acid  of  any  degree 
of  strength  dissolves  nickel  with  ease,  giving 
out  much  nitrous  gas.  The  crystals  of  the  salt 
are  octagonal  prisms,  bluelsh-green,  soluble  in 
two  parts  of  cold  water  and  also  in  alcohol. 
When  heated  to  redness  It  becomes  yellow  and 
olive  coloured,  loses  acid,  and  is  then  a nitrat 
with  excess  of  base,  or  a sahnilrati  By  conti- 
nuing the  heat  the  pure  oxyd  alone  is  left. 

Mariut  of  Nickel.  This  metal  dissolves 
readily  In  muriatic  acid,  forming  when  concen- 
trated a confusedly  crystallized  mass  of  an  apple 
green  colour,  soluble  in  less  then  twice  its  weight 
of  water  and  also  in  alcohol.  This  last  solution 
burns  with  a pale  blue  flame,  passing  to  green 
as  it  becomes  concentrated. 

Phosphat  o f Nickel.  The  phosphoric  acid 
when  dilute  dissolves  nickel  with  ease,  but  this 
phosphat  being  insoluble,  it  is  difficult  to  satu- 
rate the  acid  in  this  manner.  The  phosphat  is 
made  with  perfect  ease  by  any  of  the  soluble 
salts  of  this  metal  and  the  phosphat  of  soda. 
Phosphat  of  nickel  is  green,  nearly  insipid,  so- 
luble in  an  excess  of  its  own  or  of  many  other 
acids,  but  not  in  water. 
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Boi  af,  Carhonatt  Arseniut  of  Nickel.  These 
salts  are  best  formed  by  double  decomposition. 
They  are  insoluble  in  water. 

Chromnt  of  Nickel.  The  chromic  acid  alone 
forms  with  the  hydrat  or  wet  carbonat  of  nickel 
a yellowish  red  solution,  which  however  does 
not  crystallize.  Nitrat  of  silver  added  to  it 
gives  large  red  llocculi  of  chromat  of  silver. 
The  alkalies  all  produce  a yellowish  red  preci- 
pitate, probably  a mixture  of  the  oxyds  of 
chrome  and  nickel. 

Nickel  has  a peculiar  tendency  to  form  triple 
salts,  so  that  a s/ilp/ial  of  polash  and  nickel  is 
readily  formed  by  evaporating  a mixture  of  the 
two  sulphats,  and  in  like  manner  a sulphal  of 
(unmonia  and  nickel,  a snlphat  of  zinc  and 
flick'll,  and  other  triple  salts  may  be  produced. 

Nickel  and  Anunonia.  The  hydrat  of  nickel 
dissolves  with  ease  in  liquid  ammonia.  The 
liquid  is  at  first  violet,  but  passes  to  a deep  blue 
hi  proportion  as  the  alkali  becomes  saturated. 
This  solution  when  exposed  to  the  air  lets  fall 
green  flocculi,  wliich  are  the  triple  carbonat 
of  ammonia  and  nickel,  as  Proust  first  observed. 
The  colour  of  the  ammoniacal  solutions  of  nickel 
is  blue,  but  that  of  the  neutral  salts  of  nickel  is 
green,  and  as  most  of  the  soluble  salts  of  this 
metal  contain  a slight  excess  of  acid  and  strongly 
tend  to  form  triple  combinations,  the  adilition 
of  ammonia  to  them  does  not  at  first  disturb  the 
green  colour,  but  the  blue  begins  to  prevail 
when  this  alkali  is  in  excess. 

Sulphuretted  Ifj/drogcn,  either  gasseous  or 
liquid,  has  but  little  action  on  the  solutions  of 
nickel  in  the  mineral  acids.  A current  of  this 
gas  passed  through  the  liquid  hardly  renders  it 
turbid.  But  on  the  other  hand  if  the  acid  is 
vegetable,  (the  acetite  of  nickel  for  example) 
the  solution  is  rapidly  and  almost  entirely  pre- 
cipitated by  the  gas,  leaving  the  clear  liquor 
nearly  colourless. 

■ The  author  gives  the  following  rules  for  de- 
termining the  purity  of  metallic  nickel. 

It  should  dissolve  totally  in  muriatic  acid, 
except  the  small  alloy  of  carbon  which  it  has 
acquired  during  its  reduction. 

The  solution,  after  the  excess  of  acid  has 
been  driven  off  by  heat,  should  give  a yellow 
stain  to  paper  w'hen  heated. 

Prussia!  of  potash  should  give  a yellowish 
■white  precipitate  passing  to  green,  and  this 
should  dissolve  totally  in  ammonia  into  a 
dusky  rose-coloured  liquid,  copiously  depositing 
shining  crystalline  plates  of  a dun  red  colour 
when  viewed  by  refracted  light.  When  the 


ammoniacal  solution  Is  supersaturated  with  an 
acid,  the  liquor  should  not  be  troubled  eitliev 
by  iron  or  by  sulphuretted  hydrogen,  or  by  a 
further  addition  of  ammonia;  only  this  latter 
alkali,  when  it  predominates,  wdll  give  the  whole 
a blue  colour. 

The  muriatic  solution  when  diluted  with 
water  should  give  ■w'hite  flocculi  on  adding  tinc- 
ture of  galls,  w'hich  are  directly  redissolved  by 
an  excess  of  the  precipitant ; but  on  adding 
much  ammonia,  a copious  dun  yellow  prccipi- 
tate'will  appear. 

The  metals  with  which  nickel  is  usually  al- 
loyed are  iron,  copper,  cobalt,  bismuth  and 
arsenic. 

Iron  will  be  detected  by  a blueish  green  pre- 
cipitate insoluble  in  ammonia  on  adding  prussiat 
of  potash ; or  by  a fine  purple  one  on  adding 
an  excess  of  ammonia,  followed  by  tincture  of 
galls. 

Copper  will  be  shewn  by  a peach-flower  pre- 
cipitate on  adding  prussiat  of  potash,  which  is 
totally  soluble  in  ammonia. 

Cobalt  is  disiinguished  by  forming  a green 
sympathetic  ink  when  heated. 

Bismuth  will  be  immediately  blackened  by 
sulphuretted  hydrogen  gas. 

Arsenic  'W'ill  be  deposited  as  a yellow  hydro- 
sulphuret  by  the  same  reagent. 

To  this  account  of  some  of  the  leading  pro- 
perties of  pure  nickel  we  may  add  some  par- 
ticulars on  a very  difficult  problem  in  analytical 
chemistry,  the  compleat  separation  of  cobalt 
from  nickel  contained  in  the  same  solution. 
These  experiments  are  given  by  Hisinger  and 
Murray,*'  in  an  examination  of  a supposed  new 
metal,  Niccolanum,  announced  by  Richter,  but 
wdiich  appears  to  be  an  alloy  of  nickel,  cobalt 
and  iron. 

The  presence  of  cobalt  with  nickel  being 
suspected,  Thenard's  method  of  separating  them 
by  first  bringing  them  to  a high  degree  of  ox- 
idation and  then  adding  ammonia  was  tried. 
The  nitric  solution  of  the  mixed  metals  ■w'as 
exactly  saturated  with  caustic  potash  and  the 
blue-green  precipitate,  while  still  'w'et,  rvas 
shaken  in  a phial  containing  a solution  of  oxy- 
muriat  of  lime.  This  blackened  the  precipitate, 
which  was  then  well  washed  to  separate  all  ad- 
hering oxymuriat  of  lime,  and  was  afterwards 
thrown  into  c.iustic  ammonia.  A deep  blue 
solution,  w'ithout  any  mixture  of  red  or  garnet 
tinge  was  formed,  and  after  digestion  for  some 
days,  the  blue  liquid  was  poured  off  from  the 
undissolved  oxyd.  The  liquid  evaporated  to 
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dryness  left  a green  oxyd,  black  when  ignited, 
"which  dissolved  before  the  blowpipe  in  phos- 
phat  of  soda  into  a bead,  blood-red  when  hot, 
but  honey-yellow  when  cold,  which  was  pure 
oxyd  of  nickel.  So  far  the  process  answered 
well,  but  the  oxyd  remaining  undissolved  by 
the  first  portion  of  ammonia,  now  gave  a red- 
dish blue  solution  with  fresh  ammonia,  which 
was  found  by  further  examination  to  be  owing 
to  the  presence  of  a portion  of  cobalt  along 
with  the  nickel. 

It  therefore  appears  probable  that  theper-oxyd 
of  cobalt  loses  oxygen  by  digestion  in  ammonia, 
and  then  becomes  soluble  in  some  degree  in 
this  alkali. 


The  method  of  separating  these  two  oxyds 
which  these  chemists  adhere  to  is  that  of  Proust, 
namely,  to  saturate  the  mixed  ammoniacal  so- 
lution with  sulphuric  acid,  and  by  careful  eva- 
poration to  obtain  deep  green  crystals  of  sulphat 
of  ammonia  and  nickel,  while  the  sulphat  of 
cobalt  is  left  as  a confused  mass  of  a rose  red 
colour.  The  green  crystals  may  then  be  picked 
out  from  the  red  salt,  and  each  decomposed 
separately. 

NITRIC  ACID,  8<c.-) 

NITROUS  GAS.  VSee  Azote. 
NITROUS  OXYD.  J 
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OIL.  Fixed. 

It  is  generally  asserted  that  the  fixed  oils  are 
insoluble  in  alcohol  in  their  natural  state,  but 
as  we  have  mentioned  under  the  articles  Oil 
and  SoAT  (Chem.  Diet.),  when  a fixed  oil  has 
first  been  chemically  united  to  acids  or  to  al- 
kalies, and  then  separated  by  substances  that 
have  a stronger  affinity  to  them,  it  becomes  so 
much  altered  as  to  be  often  abundantly  soluble 
in  alcohol,  and  also  in  ether.  But  it  has  been 
found  by  careful  experiments  that  all  tire  fixed 
oils,  even  in  their  natural  state,  are  in  some 
slight  degree  soluble  in  highly  rectified  alcohol, 
and  one  of  them,  viz.  castor  oil,  dissolves  in 
this  liquid  in  great  abundance.  This  was  first 
noticed  by  Rose,  and  afterwards  by  Bucholz.* 
Castor  oil  mixes  with  highly  rectified  alcohol 
in  every  proportion.  Oil  of  almonds  requires 
for  solution  about  30  parts  of  alcohol ; linseed 
oil  20  parts  ; poppyseed  oil  30  parts,  &c. 

Mr.  Brande  in  his  examination  of  a vegetable 
wax  lately  imported  from  Brazil,  has  the  follow- 
ing observations  on  the  solubility  of  the  fixed 
oils  in  alcohol  and  ether.** 

Four  fluid  ounces  of  sulphuric  ether  of  .7563 
sp.  gr.  dissolved  1|  fluid  oz.  of  oil  of  almonds, 
1|  oz.  of  olive  oil,  2^  oz.  of  linseed  oil,  and 
mixes  uniformly  with  any  proportion  of  castor 
oil. 

Four  fluid  ounces  of  alcohol  of  .820  sp.  gr. 
dissolve  1 fluid  dram  of  linseed  oil;  and  mix 
uniformly  with  any  proportion  of  castor  oil. 
But  the  action  of  alcohol  on  these  oils  is  ex- 
tremely lessened  when  the  spirit  is  diluted,  so 
that  common  spirit  of  wine  has  but  little  action 
even  on  castor  oil.  Camphor  which  so  much 


assists  the  solubility  of  some  of  the  resins  in 
alcohol,  has  a similar  effect  on  castor  oil,  which 
is  abundantly  soluble  in  spirit  of  .840  sp.  gr. 
when  previously  combined  with  an  eighth  part 
of  camphor.  The  other  fixed  oils  however  ar$ 
not  rendered  more  soluble  by  this  means. 

Water  separates  all  these  oils  from  their  al- 
coholic solution,  first  making  a milky  liquor, 
after  which  the  oil  gradually  collects  on  the 
surface  in  its  original  state. 

With  regard  to  the  oil  separated  from  soap 
by  an  acid,  Mr.  Haussman  asserts  that  it  thus 
acquires  the  power  of  acting  upon  bitumen, 
asphaltum  and  copal.'* 

OIL  ESSENTIAL. 

For  some  further  experiments  on  the  relation 
of  essential  oil  with  camphor,  see  Camphor. 

OLEFIANT  GAS.  See  Carburetted 
Hydrogen. 

OSMAZOME.  See  Braiji. 

OXALIC  ACID.  OxALATS. 

We  have  to  notice  some  very  interesting  ex- 
periments on  the  composition  of  this  acid  and  of 
its  compounds.  Those  of  Dr.  Thomson"*  ar? 
peculiarly  so,  both  from  the  skill  and  pains 
shewn  in  the  analysis  itself,  and  from  the  happy 
illustration  of  the  Daltonian  system  which  he 
has  deduced  from  the  composition  of  this  acid. 
Part  of  this  subject,  together  with  Dr.  Wollas- 
ton’s additions,  have  been  already  noticed  in 
the  article  Affinity^  of  this  Appendix.  The 
practical  part  and  the  general  results  remain  to 
be  mentioned. 

The  quantity  of  water  of  crystallization  in 
oxalic  acid  was  found  by  first  adding  to  a so- 
lution of  muriat  of  lime  so  much  of  a solution 

* Ann.  Chim.  ton.  58.  p 185. 
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of  crystallized  oxalic  acid  as  exactly  separated 
the  whole  of  the  lime  j then  drying  the  oxalat 
of  lime  on  a sand-bath  at  a heat  between  200° 
and  300°  ; and  then  calcining  the  oxalat  in  an 
open  platina  crucible  till  nothing  but  pure  lime 
remained.  This  gave  the  composition  of  the  oxa» 
lat  of  lime,  and  hence  the  quantity  of  oxalic  acid 
used  in  its  production,  and  hence  the  difference 
of  weight  between  the  real  or  dry  oxalic  acid  in 
the  oxalat  and  in  the  crystallized  acid  employed, 
or  in  other  words,  the  water  of  crystallization. 
In  precipitating  the  lime  from  the  muriatic  so- 
lution by  the  oxalic  acid  it  is  necessary  from 
time  to  time  to  saturate  the  excess  of  free  mu- 
riatic acid  in  the  supernatant  liquor,  which 
Otherwise  would  dissolve  part  of  the  oxalat  of 
lime  and  vitiate  the  result. 

Exactly  the  same  composition  of  oxalat  of 
lime  as  that  found  in  this  manner  was  obtained 
by  the  direct  combination  of  oxalic  acid  and 
lime-water.  In  both  the  dried  salt  consisted 
of  G2.5  of  acid,  and  37.5  of  lime. 

The  composition  of  the  oxalats  of  the  alka- 
lies and  of  the  alkaline  earths  was  ascertained 
(with  all  except  magnesia)  by  the  direct  union 
of  the  acid  and  base,  always  estimating  the 
proportion  of  water  of  crystallization  in  the  acid 
as  the  same  with  that  found  by  means  of  the 
dry  oxalat  of  lime.  These  oxalats  were  dried 
in  the  same  manner,  anti  it  was  inferred  that 
little  or  no  water  of  crystallization  adhered  to 
any  of  these  salts  after  drying,  except  to  the 
oxalat  of  potash,  vdiich  Dr.  'E.  conjectures  to 
retain  as  much  as  10  per  cent.  The  oxalat  of 
magnesia,  on  account  of  the  great  insolubility 
of  this  earth,  was  formed  by  the  addition  of 
oxalat  of  ammonia  to  sulphat  of  magnesia.  It 
is  remarkable  that  though  the  oxalat  of  magne- 
sia is  apparently  equally  insoluble  in  water  as 
oxalat  of  lime,  no  turbidness  appears  on  adding 
oxalat  of  ammonia  and  sulphat  of  magnesia  till 
the  liquor  is  much  reduced  in  bulk  or  heated, 
or  till  they  have  stood  together  for  some  hours. 
When  the  oxalat  of  magnesia  is  once  obtained, 
in  either  of  these  ways,  or  else  by  entire  evapo- 
ration of  the  mixture  and  adding  water  to  dis- 
solve out  the  sulphat  of  ammonia,  it  is  a taste- 
less insoluble  powder. 

Oxalat  of  ammonia  crystallizes  in  long  prisms. 
It  requires  more  than  20  parts  of  cold  water  for 
its  solution. 

The  exact  composition  of  these  oxalats  we 
shall  give  presently,  as  well  as  the  result  of  the 
author’s  experiments  on  the  ultimate  analysis 
cf  oxalic  acid. 
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The  composition  of  the  oxalats  and  super- 
oxalats  has  also  been  examined  by  Mr.  Berard,® 
the  results  of  which  have  a tolerable  agree- 
ment with  those  of  Dr.  Thomson,  though  with 
some  considerable  deviations.  M.  Berard  has 
also  more  particularly  examined  the  superoxalats 
which  are  but  little  noticed  by  Dr.  T. 

M.  Berard  also  takes  the  composition  of  the 
dry  oxalat  of  lime  as  the  basis  of  his  calcula- 
tions, and  he  gives  almost  exactly  the  same  pro- 
portions in  this  salt  as  Dr.  1'.  does,  namely,  62 
per  cent,  of  acid,  and  38  of  lime.  He  also  finds 
that  the  ficid  which  sublimes  unchanged  in  the 
dry  distillation  of  crystallized  oxalic  acid  is 
oxalic  acid  nearly  as  free  from  water  of  crys- 
tallization as  it  exists  in  the  dried  oxalat  of 
lime. 

We  shall  not  enter  into  all  the  particulars  of 
these  experiments,  but  shall  give  the  results* 
'I'he  crystallized  oxalic  acid  employed  for  com- 
bination with  the  several  bases  contained  27.3 
per  cent,  of  water:  that  of  Dr.  Thomson  con- 
tained 23.  per  cent  but  as  the  composition  of 
the  dry  oxalat  of  lime  was  nearly  the  same  in 
each,  this  dilFerence  in  the  acid  does  not  affect 
the  result. 

Acid.  Base  Ease 
according  to  according 
Dr. Thomson  to  Berard 


Oxalat  of  Ammonia 

100. 

34.12 

38.2 

Magnesia 

100. 

35.7 1 

37.6 

Soda  - - 

100. 

.57.14 

69.7 

Lime  - - 

100. 

• 60.00 

61.2 

Potash  - 

100. 

122.86 

102.7 

Strontian 

100. 

151.51 

119.5 

; Barytes  - 

100. 

142.86 

164.3 

The  composition  of  tite  superoxalats  was  as 
follows  in  M.  Berard’§  experiments,  compared 
with  the  corresponding  neutral  oxalats  : 

Superoxalat  of  Potash  was  formed  by  crys- 
tallizing a mixture  of  the  neutral  oxalat  of 
potash  with  an  excess  of  acid.  It  is  less  solu- 
ble than  the  neutral  salt.  Ten  parts  gave  by 
ignition  4.910  of  fused  carbonat  of  potash,  of 
which  the  alkali  was  3.46 : and  ten  other  parts 
of  the  same  superoxalat  decomposed  by  muriat 
of  lime  gave  10.6  of  oxalat  of  lime,  containing 
6.58  of  oxalic  acid.  Hence  this  superoxalat 
contains  65.8  of  acid,  and  34.2  of  base. 

Quadroxalat  of  Potash.  This  salt,  dis- 
covered by  Dr.  Wollaston,  may  be  formed 
either  by  adding  more  oxalic  acid  to  the  super- 
oxalat, or  by  boiling  a solution  of  muriat  of 
potash  with  oxalic  acid.  This  quadroxalat  is 
less  soluble  than  the  two  other  salts  cf  oxalic 


* Ann.  Chim,  tom.  73. 
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acid  and  potash.  Analyzed  in  the  way  above- 
mentioned  it  gave, 

JS.n.j  Potash 
7^.0.)  Oxa'.ic  Acid 
.9.00  Water 


.100.00 


lienee  the  respective  quantities  of  oxalic  acid 
sa'?urating  100  parts  of  potash  in  tliese  three 
oxalats  are, 

in  the  neutral  oxalat  of  potash  97. G 

In  the  superoxalat  . . I9i?. 

In  the  quadroxalat  . . .'ISl. 

which  numbei's  are  nearly  in  the  rates  of  I,  2, 
and  4. 

The  superoxalat  is  known  more  commonly  as 
the  Salt  of  Sorrel,  and  is  used  under  this  name 
in  many  parts  of  Europe.  M.  Berard  mentions, 
that  sometimes  the  quadroxalat  is  met  with  as 
salt  of  sorrel  of  the  shops. 

The  Oxalat  of  Soda  is  hut  little  soluble  in 
water,  and  contains  149.9  of  oxalic  acid  to  100 
of  soda. 

The  Superoxalat  of  Soda  contains  284.7 
of  acid  to  100  of  soda,  which  is  almost  exactly 
thrice  the  quantity  of  that  in  the  oxalat.  This 
superoxalat  is  still  less  soluble  in  water  than 
the  oxalat,  and  may  be  formed  either  by  the 
«llrect  combination  of  the  oxalat  and  oxalic  acid, 
or  by  the  action  of  oxalic  acid  on  muriat  of 
soda.  The  author  could  not  produce  any  quadr- 
oxalat. 

Oxalat  of  Ammonia,  The  composition  of 
this  was  determined  by  saturating  oxalic  acid 
with  liquid  ammonia,  which,  according  to 
Berthollet,  at  .9(i.)G  specific  gravity,  contains 
8.7G1  per  cent,  of  pure  ammonia.  The  Super- 
oxalat  of  Ammo’nia  contained  nearly  a double 
proportion  of  acid. 

Both  an  Oxalat  of  Bari/tes  and  a Superox- 
alat  of  JUtn/tes  exists  ; in  the  former  of  which 
100  of  barytes  combine  with  GO. Si  of  oxalic 
acid;  and  in  the  latter  with  12.9.  of  the  same 
acid."  This  superoxal.it  is  formed  by  boiling 
muriat  of  barytes  with  oxalic  acid,  which  de- 
posits the  superoxalat  in  crystals  on  cooling. 
This  compound  is  decomposed  by  mere  boiling 
with  water,  which  abstracts  the  excess  of  acid 
and  reduces  it  to  the  simple  oxalat. 

The  author  has  found  no  Superoxalat  of 
Strontian,  and  the  composition  of  the  oxalat 
is  given  differently  from  that  of  Dr.  Thomson, 
as  will  be  seen  by  the  table.  M.  Berard 
states  that  the  oxalat  of  strontian  which  separates 

f Ann.  Chim, 


2 ) OX  A 

from  the  muriat  of  strontian  with  neutral  oxalat 
of  ammonia,  is  very  little  soluble,  and  the  super- 
natant liquor  remains  equally  neutral  as  before, 
which  is  a proof  that  the  oxalat  of  strontian  is 
itself  neutral. 

• Idltimate  Anah/sis  of  the  Oxalie  Arid. 
This  was  performed  by  Dr.  Thomson,  by  the 
destructive  distillation  of  perfectly  dry  oxalat  of 
lime,  and  by  analyzing  all  the  gasseous  products. 
The  particulars  of  this  analy.sis  we  shall  noti 
give,  as  the  general  mode,  togeth.er  with  the 
difhculties  tliat  oppose  a very  accurate  result, 
h.ave  been  described  under  the  article  Carbu- 
retted  J/ i/dropen.  The  general  result  is,  that 
dry  oxalic  acid  consists  of 


Oxygen 

G4 

Hydrogen 

4 

Carbon 

92 

100. 

taking  this  in  round  numbers. 

Professor  Berzelius  gives  the  composition  of 
oxalic  acid  somewhat  differently  ^ as  to  the  pro- 
portion of  hydrogen,  being  .93.02  of  carbon, 
0.G8  of  hydrogen,  and  G4. 90  of  oxygen.  But 
the  dry  oxalat  from  which  he  formed  his  calcu- 
lation was  that  of  lead,  which  appears  to  have 
retained  a much  less  proportion  of  the  oxalic 
acid  than  the  lime,  since  Professor  B.  reckon.s 
the  crystallized  acid  to  contain  as  much  as  42 
parts  per  cent,  of  water  of  crystallization;  or, 
in  other  words,  when  JOO  parts  of  the  acid  are 
boiled  and  evaporated  to  dryness  along  with 
pure  ox  yd  of  lead,  the  latter  receives  from  the 
acid  an  addition  of  only  .38  parts. 

Lastly,  the  composition  of  oxalic  acid  is 
estimated  by  Gay  Lussac  and  Thenard,  by 
means  of  deflragration  with  oxymuriat  of  pot- 
ash, to  consist  of 

Oxygen  - 70. G9 

Hydrogen  - 2.74 

Carbon  - 2G.37 

which,  supposing  all  the  hydrogen  to  take  as 
much  oxygen  as  would  convert  it  into  water, 
would  make,  instead  of  the  above  quantities  of 
these  two  substances,  22.87  of  water,  and 
30. 3G  of  oxygen  in  excess.  These  chemists 
employed  the  dry  oxalat  of  lime  as  the  form  in 
which  the  dry  oxalic  acid  may  be  exhibited, 
and  they  give  the  composition  of  this  salt  to  be 
G 1.945  of  acid,  and  98.G35  of  lime,  w'hich 
agrees  very  closely  with  the  numbers  given  for 
this  salt,  both  by  Dr.  Thomson  and  M. 
Berard.  (See  the  article  Analysis  Vegetable 
and  Animal,  in  this  Appendix). 

tojn.  81,  p.  300. 
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OXYCARBURETTED  HYDROGEN.  OXY  MURIATIC  ACID.  See  Muriatic 
See  Carburetted  Hydrogen.  Acid. 


PARANTHINE.  H.  Scapolke.  K. 

The  primitive  form  of  this  mineral  appears 
to  be  a strait  prism  with  square  bases.  * The 
general  figure,  however,  of  its  crystals,  is  an 
eight- sided  prism  terminated  by  planes  or  by 
tetrahedral  pyramids.  In  some  varieties  the  crys- 
tals are  cylindrical,  deeply  striated  longitudi- 
nally and  laterally  aggregated  into  bundles  or 
plates.  Sometimes  also  it  occurs  amorphous. 
Its  colour  is  ash-grey,  greenish,  yellowish  or 
brownish.  When  transparent,  its  lustre  is 
Vitreous 

45.  Si  lex 
33.  Alumine 
17.6  Lime 

1.  Iron  and  Manganese 
1 .5  Soda 
0.5  Potash 


08.6 


It  has  hitherto  been  met  with  only  near  Arcn- 
dahl  in  Norway,  in  the  iron  mines,  mixed  with 
mica,  calcareous  spar,  and  felspar. 

PHOSGENE  GAS.  See  Muriatic  Acid. 
PHOSPHORUS.  Phosphoric  Acid. 
Phosphates,  &c. 

Messrs.  Fourcroy  and  Vauquelin,  in  their 
analysis  of  Fish  Roe  (Ann.  Chim.  fom.  64) 
announced  the  discovery  of  phosphorus  existing 
in  this  substance  uncombined  with  any  base, 
and  obtained  by  simple  distillation  of  the  roe, 
which  in  its  natural  state  could  contain  no  free 
phosphoric  acid  nor  phosphat  of  ammonia.  The 
.editor  of  this  journal  adds,  that  this  dicovery  of 
free  phosphorus  in  organized  bodies  is  entirely 
due  to  these  chemists,  as  the  only  parallel  case 
is  the  assertion  of  Margraaf,  that  he  obtained 
phosphorus  by  the  simple  distillation  of  mustard 
seed,  to  which  the  editor  is  inclined  to  give 
little  credit. 

But  M.  Theodore  de  Saussure"*  has  given  some 
experiments  which  appear  both  to  confirm  the 
accuracy  ofMargraaf,  as  to  the  fact  of  obtaining 
phosphorus  from  seeds,  and  to  throw  doubts  as 
to  the  real  source  of  this  phosphorus.  He 
observes,  that  some  years  ago  he  had  been 
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vitreous,  but  by  the  progress  of  decomposition 
it  becomes  translucent,  with  a semi-metallic 
or  pearly  lustre.  When  perfect  it  scratches 
glass.  Its  longitudinal  fracture  is  imperfectly 
conchoidal.  Sp.  gr.  3.6  — 3.7. 

Before  the  blowpipe  it  melts  w’lth  intumes- 
cence into  a brilliant  white  enamel.  The  vitre- 
ous variety  has  been  analyzed  by  Laugier,  and 
the  pearly  by  M.  Simon,  with  the  following 
results. 
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strongly  heating  the  black  ashes  of  burnt  beans, 
in  a platina  crucible,  and  he  found  part  of  the 
ash  strongly  agglutinated  to  the  vessel,  which 
was  perforated  and  melted  down  in  that  place. 
A similar  accident  happening  to  Messrs.  F.  and 
V.  in  their  analysis  of  fish-roe,  they  rightly 
attributed  it  to  the  action  of  phosphorus  on  the 
platina  vessel,  w'hich  caused  M.  T.  de  Saussure 
to  undertake  the  distillation  of  wheat  w'ith  care. 
Some  wheat  was  first  heated  by  itself  for  three 
hours  moderately  red-hot  in  an  earthen  retort, 
till  no  more  vapours  appeared.  The  coaly 
residue  was  then  transferred  to  a small  coated 
porcelain  retort,  fitted  to  a tubulated  receiver, 
half  full  of  water,  and  heated  most  intensely 
for  three  hours,  in  a fire  strong  enough  to 
vitrify  the  lute  entirely.  A white  fume  smelling 
like  phosphorus  appeared  at  the  end  of  the  pro- 
cess, and  the  tube  connecting  the  retort  and 
receiver  was  found  lined  with  a film  of  perfect 
phosphorus. 

As  the  coal  of  wheat  which  furnished  this 
phosphorus  is  sensibly  alkaline,  it  is  obvious 
that  the  phosphorus  cannot  proceed  from  any 
free  phosphoric  acid  ; neither  is  it  likely  that 
the  previous  calcination  should  have  allowed 
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any  phor.ph.nt  of  aminonia  tc  remain  in  the  coal. 

”i  here  is  only  tlierci'orc  ilie  pliophat  of  potash 
and  phosplut  of  lime  which  could  furnish  the 
phosphorus  •,  but  as  these  salts  have  usually 
been  thought  undeconiposable  by  charcoal,  the 
author  made  the  experiment. 

'rhirty  grammes  of  pure  phosphat  of  potash, 
-W'ith  a little  excess  of  alkali,  were  mixed  with 
twice  as  much  beech  charcoal,  previously  heated 
red-hot.  The  whole  was  intensely  heated  in  a 
porcelain  retort  for  four  hours,  and  at  the  end 
about  grammes  of  phosphorus  we.  e collected, 
besides  what  was  carried  off  in  a gasseous  form 
as  phosphuretted  hydrogen,  and  the  oxyd  of 
phosphorus  which  remained  suspended  in  the 
water  of  the  receiver.  As  the  SO  grammes  of 
phosphat  of  potash  only  contain  by  calculation 
4.8  grammes  of  phosphorus,  it  cannot  be  doubted 
that  phosphat  of  potash  is  decomposable  by 
charcoal,  and  yields  pure  phosphorus. 

Phosphat  of  soJa  treated  in  the  same  manner 
yielded  the  same  proportion  of  phosphorus. 

Phosphat  of  lime  was  prepared  by  adding 
phosphoric  acid  to  nitrat  of  lime  and  separating 
the  phosphat  of  lime  by  ammonia.  Ten  gram- 
mes of  this  phosphat  previously  made  red-hot, 
were  mixed  with  twice  as  much  beech  char- 
coal, previously  washed  to  separate  the  small 
portion  of  alkaline  and  saline  matter.  This 
was  heated  in  a porcelain  retort  as  before,  but 
the  results  weie  not  so  decided  as  in  the  last 
experiments,  owing,  as  the  author  supposes,  to 
the  heat  not  being  sufficiently  intense.  A 
similar  mixture  w;>s  therefore  enclosed  in  a 
Hessian  crucible,  with  a cover  of  platina,  and 
the  whole  was  imbedded  in  chareoal  powder, 
in  an  outer  earthen  crucible  and  cover.  This 
was  heated  two  hours  as  intensely  as  possible. 
When  cold,  the  platina  cover  was  found  melted, 
but  the  earthen  crucible  was  sound.  The  con- 
tents that  1‘emained  were  digested  in  muriatic 
acid,  and  then  precipitated,  first  by  ammonia, 
which  separated  4.52  grains  of  phosphat  of  lime, 
and  then  by  carbonat  of  ammonia,  which  sepa- 
rated 5.22  grains  of  carbonat  of  lime.  Hence 
it  appears  that  about  half  the  phosphat  of  lime 
had  been  decomposed  in  the  process  of  ignition 
with  charcoal.  The  phosphorus  had  of  course 
been  lost  and  consumed  in  the  open  fire,  into 
which  it  had  escaped. 

The  same  experiment  was  repeated  with  the 
native  Spanish  phosphat  of  lime.  Less  of  it 
was  decomposed,  but  enough  to  render  the 
experiment  quite  satisfactory. 

It  appears  therefore,  that  it  is  a mistake  to 
k Ann.  Cliira.  tom.  t>4.  Oct.  180'^. 


suppose  that  the  phosphats  of  potash,  soda,  and 
lime,  are  undccomposable  by  heating  with 
charcoal,  and  that  former  experiments  have 
failed  probably  from  not  having  the  heat  in- 
tense enough,  or  continuing  it  lonj^  enough. 

O'  _ O 0^0 

It  also  appears  as  a direct  inference  from  these 
experiment'-,  that  some  traces  of  phosphorus, 
either  in  substance  or  as  phosphuretted  hydro- 
gen, must  be  obtainable  from  all  animal  and 
vegetable  matters  by  simple  distillation,  since 
they  all  contain  phosphat  of  lime  afid  charcoal: 
and  hence  that  the  appearance  of  phosphorus  in 
these  experiments  is  not  of  itself  a sufficient 
mark  of  uncombined  phosphorus  in  the  sub- 
stance distilled. 

Phosp/utrelted  Iljydrogen. 

It  was  mentioned  under  the  article  Phospho- 
rus (Chem.  Diet,  voL  S)  that  there  appeared 
to  be  two  distinct  combinations  of  phosphorus 
•and  hydrogen,  one  is  the  well-known  phospliu- 
retted  hydrogen,  formed  by  heating  phosphorus 
in  a liquid  solution  of  potash,  and  which  is  spon- 
taneously inflammable  when  in  contact  with 
the  air  : the  other  is  a gas  which  is  a compound  of 
phosphorus  and  hydrogen,  but  does  not  inflame 
spontaneously,  and  is  probably  the  same  as  that 
produced  by  merely  confining  phosphorus  in 
hydrogen.  The  properties  of  this  gas,  hitherto 
hue  little  known,  have  been  more  fully  inves- 
tigated of  late. 

M.  Theodore  de  Grotthuss,  in  a memoir  on 
the  metallic  phosphurets  notices  a peculiar  gas,^ 
produced  by  boiling  together  liquid  potash,  phos- 
phorus, and  alcohol,  which  has  the  scent  of  phos- 
phuretted hydrogen,  but  does  not  Inflame  spon- 
taneously when  mixed  v/ith  oxygen,  though  the 
mixture  detonates  strongly  when  touched  by 
any  ignited  body,  and  white  phosphoric  vapours 
concrete  on  the  vessel.  This  gas  detonates  still 
more  intensely  and  dangerously  when  mixed 
both  with  nitrous  gas  and  oxygen,  and  ignited. 
With  oxyniurlatic  gas  it  burns  spontaneously 
and  without  explosion,  with  a beautiful  green 
light.  The  products  of  the  combustion  are 
phosphoric  acid,  water,  and  carbonic  acid. 
Tins  compound  gas  therefore  seems  very  dis- 
tinct from  the  sub-phosphuretUd  hydrogen  in 
question. 

But  this  sub-phosphuret  is  more  unequivocally 
noticed  and  its  leading  properties  described,  by 
Messrs.  La  Grange  and  Vogel,  in  a memoir 
on  the  action  of  phosphorus  on  alkalies. ' 
The  following  is  the  experiment ; melt  some 
phosphorus  in  a phial  full  of  hot  water,  cork 
it,  and  shake  it  violently  till  the  water  is  cold, 
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bv  which  means  the  phosphorus  w'ill  be  simply 
(livided  into  a fine  powder.  Dry  this  on  blot- 
ting paper,  mix  it  hastily  with  some  dry  caustic 
potash,  just  reduced  to  powder  in  a brass  mortar 
cooled  by  ice,  and  put  the  mixture  into  a small 
luted  earthen  retort,  with  a tube  of  safety  and  a 
conducting  tube  to  a mercurial  trough.  Heat 
the  retort  at  first  gently,  and  then  gradually  en- 
creas’ng  to  whiteness.  During  the  wdiole  time 
a peculiar  gas  arises,  which  has  the  following 
properties : it  is  neither  acid  nor  alkalipe ; it 
has  a slightly  alliaceous  smell  ; it  burns  on  the 
approach  of  a taper,  but  not  spontaneously, 
either  in  oxygen  or  nitrous  gas : when  mixed 
with  oxygen  and  ignited  it  detonates  strongly  : 
it  is  a little  soluble  in  water,  and  the  solution 
gives  a black  precipitate  with  nitrat  of  silver : 
it  inflames  rapidly  with  oxymuriatic  gas,  and 
then  deposits  some  oxyd  of  phosphorus  on  the 
vessel.  The  residue  cf  this  distillation  is  a 
black  shining  mass  resembling  plumbago.  It 
may  be  added,  that  where  the  only  object  is  to 
procure  the  gas,  and  not  to  examine  the  action 
of  phosphorus  with  accuracy,  nothing  more 
is  required  than  to  put  a few  small  bits  of  phos- 
phorus in  a glass  bottle,  to  cover  them  with 
very  dry  caustic  potash,  to  adapt  a tube  going 
to  a mercury  bath,  and  to  heat  the  bottle  mode- 
rately, when  the  gas  will  be  given  out  in  abun- 
dance. If  the  alkali  is  wet,  the  gas  will  be 
the  common  spontaneously  inflammable  phos- 
phuretted  hydrogen,  but  by  continuing  the 
heat  till  the  visible  moisture  is  expelled,  the 
above  less  inflammable  gas  succeeds.  As  later 
reseaixhes  have  shewn  that  even  the  fused  dry 
caustic  alkalies  contain  much  water  in  their 
composition,  there  can  be  no  difficulty  in  find- 
ing the  source  of  the  hydrogen  on  heating  phos- 
phorus and  dry  alkali. 

This  same  sub-phosphuretted  hydrogen  (as 
it  appears  to  be)  has  been  also  examined  by 
Sir  H.  Davy  with  more  accuracy,  as  to  the  pro- 
portions of  its  composition,  and  it  has  received 
from  him  the  name  of  Tl^drophosphoric  Gas. 
It  was  obtained  by  heating  in  a close  vessel 
solid  hj/drat  of  phosphorous  acid  (which  will 
be  presently  described).  Solid  phosphoric  acid  is 
formed  and  a large  quantity  of  this  gas  is  given 
out  apparently  of  great  purity.  This  gas  has 
all  the  properties  of  that  just  described,  that 
is,  in  not  being  spontaneously  inflammable, 
but  exploding  violently  when  mixed  with  oxy- 
gen, and  exploding  in  oxymuriatic  gas  without 
the  contact  of  an  ignited  body.  Water  absorbs 


one-eigbth  of  Its  volume  of  this ’gas.  The  specific 
gravity  of  the  gas  is  about  87  (common  air  being 
100.)  or  12  times  that  of  pure  hydrogen. 

When  potassium  is  heated  in  this  gas,  its 
volume  Is  doubled,  the  phosphorus  is  extracted 
by  the  potassium,  and  pure  hydrogen  remains. 
Sulphur  sublimed  in  it  also  doubles  the  volume, 
phosphuretted  sulphur  is  produced,  and  the 
remaining  gas  Is  phosphuretted  hydrogen.  It 
appears  to  consist  of  4.5  by  weight  of  hydrogen, 
to  22.5  of  phosphorus. 

On  the  other  hand,  the  common  inflammable 
phosphuretted  hydrogen  has  much  less  specific 
gravity,  and  never  enlarges  to  more  than  1 .i) 
of  its  bulk  of  pure  hydrogen  when  the  phos- 
phoi'us  is  extracted  by  potassium,  and  probably 
contains  a double  proportion  of  phosphorus. 

Two  distinct  combinations  of  phosphorus  and 
oxygen  were  described  (C7/.  Diet.  Art.  Phos- 
phoric Acid ) the  Phosphoi'coiis  and  Phospho- 
ric Acids.  Sir  H.  Davy  gives  the  following 
estimation  of  their  composition. When  phos- 
phorus is  heated  in  highly  rarefied  air  three 
products  are  formed,  one  of  them  is  Phospho- 
ric Acid.,  which  is  fixed ; another  is  a white 
powder,  easily  volatile,  with  a sour  taste  and 
garlic  smell,  and  which  burns  when  heated 
strongly,  passing  to  the  state  of  phosphoric 
acid.  This  volatile  white  powder  is  the  Phos- 
phoreous  Acid,  but  mixed  with  a little  phos- 
phorus. The  third  substance  is  a red  Oxi/d  of 
Phosphorus. 

The  phosphoreous  acid  is  obtained  in  union 
with  water  by  subliming  phosphorus  through 
corrosive  sublimate,  (in  the  way  described  under 
the  article  Muriatic  Acid  in  this  Appendix) 
and  mixing  the  limpid  compound  of  chlorine 
and  phosphorus  with  water,  and  evaporating 
the  solution  to  the  consistence  of  syrup.  Mu- 
riatic acid  is  given  out,  and  the  residue  Is  a 
compound  of  phosphoreous  acid  and  water, 
called  by  the  zuthor  llj/drophosphoreous  Acid. 
This  as  above  mentioned,  yields  one  of  the  spe- 
cies of  phosphuretted  hydrogen  when  heated. 

Phosphoreous  acid  consists  of  about  20  of 
phosphorus  and  15  of  oxygen. 

Phosphoric  acid  consists  of  20  of  phosphorus 
and  30  of  oxygen. 

The  composition  of  the  red  oxyd  is  not  well 
ascertained. 

M.  Thenard  * finds  that  phosphorus  always 
contains  carbon,  however  often  it  is  rectified, 
but  when  the  carbon  Is  in  small  quantity  it 
does  not  impair  the  colour  of  the  phosphorus. 
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M.Thenard  denies  the  existence  of  the  supposed 
red  oxyd  of  phosphorus,  but  considers  it  as  a 
combination  of  phosphorus  and  carbon. 

When  the  purest  phosphorus  is  burned  slowly 
in  the  air,  some  carbonic  acid  is  obtained, 
owing  to  the  combustion  of  the  carbon  which  it 
contains.  This  amounts  to  2 or  3 per  cent,  of 
the  air  employed,  which,  when  phosphorus  is 
employed  eudiometrically,  causes  an  error  to 
this  amount  by  making  the  absorption  appear 
too  little.  This  may  be  corrected  by  potash, 
which  removes  the  carbonic  acid.  In  the  rapid 
combustion  of  phosphorus  the  carbonic  acid  is 
not  produced. 

PICROMEL.  See  Bile. 

FINITE. 

The  primitive  form  of  this  mineral  is  a re- 
gular hexahedral  prism,  but  it  also  occurs  as  a 
dodecahedral  prism,  and  as  a hexahedral  prism 
with  the  lateral  and  terminal  edges  replaced  by 
secondary  facets.  It  is  often  quite  opake, 
sometimes  slightly  translucent ; its  colour  is 
blackish  grey  often  superficially  tinged  by  oxide 
of  iron.  Its  cross  fracture  is  imperfectly  fo- 
liated, its  longitudinal  fracture  is  small-grained, 
uneven,  with  a glistening  resinous  lustre.  It 
yields  easily  to  the  knife.  Sp.  gr.  2.98. 

It  is  infusible  per  sc  before  the  blowpipe. 

It  was  first  found  in  the  mine  called  Pini, 
at  Schneeberg  in  Saxony,  and  has  since  been 
met  with  in  France.  It  occurs  in  crystals 
single  or  crossing  each  other,  and  accompanied 
by  quartz,  felspar,  and  mica. 

The  Saxon  variety  has  been  analyzed  by 
Klaproth,  and  the  French  by  M.  Drappier, 
with  the  following  results. 

63.75  — 42  - Alumine 

29.5  — 46  - Silex 

6.75  — 2.5  Oxide  of  iron 

7.  Volatile  matter 
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PLATINA. 

§ 1.  Ores  of. 

Since  the  publication  of  the  Chemical  Dic- 
tionary, platina,  which  at  that  time  was  con- 
sidered as  the  peculiar  product  of  Peru,  has 
been  ascertained  to  occur  in  the  island  of 
St.  Domingo,  in  Brazil  and  in  Spain. 

The  platina  of  St.  Domingo  “ is  met  with  in 
the  eastern  part  of  that  island,  in  the  sands  of 
a river  called  Jaki,  at  the  foot  of  the  mountains 
of  Sibao.  It  is  in  the  form  of  flattened  grains 
somewhat  larger  than  the  Peruvian,  and  is 
* Ann.  Chim.  lixiji.  p.  334.  ‘ Plul.  Trans 
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accompanied  by  magnetic  Iron  ore,  by  gold, 
and  probably  by  the  other  metallic  substances 
which  are  mixed  with  the  Peruvian  ore  : it  has 
not  as  yet  been  analyzed. 

The  platina  of  Brazil  *’  is  found  in  the  gold 
mines  of  that  country  in  the  form  of  small 
grains  or  fragments  of  a spungy  texture,  and 
entirely  destitute  of  polish.  It  has  been  ex- 
amined by  Dr.  Wollaston,  and  appears  to  be  a 
natural  alloy  of  this  metal  with  gold  and  silver ; 
and  is  mixed  with  grains  of  gold  and  of  palla- 
dium alloyed  with  iridium,  and  probably  with 
osmium  and  rhodium.  It  does  not  contain  any 
of  the  magnetic  iron  sand  or  of  the  minute 
hyacinths  which  always  accompany  the  Peru- 
vian ore. 

The  Spanish  platina  was  discovered  by 
Vauquelin  in  an  examination  of  the  grey  silver 
ore  from  the  mines  of  Guadalcanal  in  Estre- 
madura.  This  ore  appears  to  contain  copper, 
lead,  antimony,  iron,  silver,  sulphur,  some- 
times arsenic  and  platina,  the  proportion  of 
which  last  varies  from  the  smallest  perceptible 
quantity  to  about  10  per  cent.  The  gangue 
of  this  ore  is  generally  calcareous  spar,  mixed 
with  heavy  spar  and  quartz. 

The  platina  may  be  obtained  from  this  ore 
by  treating  it  alternately  with  nitric  and  muriatic 
acids,  in  which  case  the  platina  will  remain 
undissolved  together  with  the  sulphur  : or  it 
may  be  procured  by  finely  pulverizing  and 
roasting  the  ore,  then  melting  it  with  common 
potash  into  a metallic  button,  and  afterwards 
submitting  it  to  cupellation,  being  mixed  on 
the  cupel  with  the  due  proportion  of  lead  if 
the  quantity  naturally  contained  in  the  ore  i& 
not  sufficient.  The  result  of  this  process  will 
be  a button  composed  of  silver  and  platina, 
from  which  the  former  is  to  be  separated  by 
quartation  as  described  in  the  article  Assay. 

§ 2.  Anahjsis  of  Crude  Plalina. 

Nearly  about  the  same  time  that  Mr.  Ten- 
nant and  Dr.  Wollaston  were  engaged  in 
their  examinations  of  crude  platina  (the  In- 
teresting and  important  results  of  which  have 
already  been  detailed  in  the  Chemical  Dic- 
tionary, article  Platina,)  M.  Descotils  and 
M.  M.  Vauquelin  and  Fourcroy  were  also 
occupied  on  the  same  subject.  Their  success 
indeed  has  not  been  so  absolute  and  satisfactory 
as  that  of  the  English  chemists,  yet  is  well 
worthy  of  notice  as  tending,  as  far  as  it  goes, 
to  illustrate  and  confirm  the  other  discoveries. 

M.  Descotils'  began  his  operations  by  sepa- 
rating the  heavier  from  the  lighter  grains  of 
. 1809,  p.  189.  * Ann.  Cliim.  ilviii.  p,  143. 
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the  etude  plat’ma,  by  means  of  a common 
bellows.  The  lighter  part  thus  separated,  con- 
sisted of  siliceous  grains  of  ferruginous  sand 
attractable  by  the  magnet,  and  of  ferruginous 
sand  not  attractable.  Of  the  two  last  the 
former  proved  to  be  menachanite,  and  the  latter 
chromate  of  iron. 

The  heavier  grains  were  put  into  a porcelain 
retort,  to  which  was  adapted  a balloon  one 
third  full  of  water,  an  intense  heat  was  applied 
for  two  hours,  and  during  the  whole  of  the 
time  light  vapours  were  given  off  of  a sul- 
phureous odour,  and  in  part  soluble  in  the 
water  of  the  receiver.  At  the  end  of  the 
process  the  colour  of  the  fluid  was  pale  green- 
ish, and  in  the  course  of  a few  days  it  had 
changed  to  a full  ultramarine  blue.  The  platina 
in  the  retort  was  agglutinated  •,  and  in  tlie 
upper  part  of  the  mass  the  grains  were  brown- 
ish, as  if  they  had  been  rusted  5 at  the  bottom 
the  grains  were  scarcely  coherent,  and  had 
retained  their  original  metallic  lustre. 

The  blue  liquor  in  the  receiver  was  first 
examined.  With  alkalies  it  yielded  a blue 
deposit.  By  nitric  and  oxymuriatic  acids  the 
colour  was  first  changed  to  lilac,  and  at  length 
was  entirely  destroyed.  Sulphuretted  hydrogen 
gave  no  precipitate ; but  hydro-sulphuret  of 
ammonia  threw  down  a grey  precipitate,  which 
was  changed  by  acids  to  blue.  A blue  sub- 
limate had  adhered  to  the  beak  of  the  retort ; 
of  this  a part  was  fused  with  borax,  and  in 
/ consequence  the  blue  matter  assumed  a metallic 
appearance,  the  borax  remaining  colourless : 
another  portion  being  heated  per  se  before  the 
blowpipe  was  volatilized. 

The  platina  remaining  in  the  retort  was  next 
submitted  to  examination.  For  this  purpose  it 
was  first  digested  with  muriatic  acid,  in  order 
to  separate  the  greatest  part  of  the  iron,  and 
then  was  exposed  to  the  action  of  nitro-muriatic 
acid  : during  the  action  of  this  menstruum  a 
black  powder  made  its  appearance,  which  if 
separated  from  the  solution  in  proportion  as  it 
formed,  amounted  to  about  3 per  cent,  but  if 
left  in  the  acid  was  for  the  most  part  dissolved. 

The  solution  after  it  had  become  clear  by 
subsidence  was  poured  off,  and  concentrated 
solution  of  muriate  of  ammonia  was  added  as 
long  as  any  turbidness  took  place ; the  pre- 
cipitate was  yellow  and  was  carefully  washed  till 
the  washings  were  no  longer  coloured  green  by 
prussiate  .of  potash.  The  residual  liquor  and 
washings  were  now  mixed,  concentrated  by  eva- 
poration and  again  treated  by  muriate  of  ammonia 
which  now  threw  down  a deep  red  precipitate. 


The  residual  liquor  was  again  evaporated  and 
subjected  to  the  same  treatment  as  before,  by 
which  a second  very  red  precipitate  was  ob- 
tained. 

The  black  powder  was  next  digested  in 
nitro-muriatic  acid,  in  which  it  was  found  to 
be  partially  and  with  difficulty  soluble.  The 
solution  of  a dark  redish  brown  colour,  affordeil 
with  muriate  of  ammonia,  a precipitate  ap- 
parently the  same  as  the  second  red  precipitate 
procured  from  the  solution  of  the  platina. 

Equal  quantities  of  the  yellow  salt  obtained 
from  the  first  precipitation  and  of  the  red  salt 
obtained  from  the  second  precipitation  were 
dissolved  in  equal  portions  of  water.  The 
colour  of  the  former  was  bright  golden  yellow, 
that  of  the  latter  was  redish-yellow  with  a 
tinge  of  green.  Sulphureous  acid  or  green 
sulphate  of  iron  immediately,  and  alcohol  after 
a time  brought  the  latter  solution  to  the  same 
colour  as  the  former.  This  circumstance  in- 
duced M.  D.  to  suppose  that  the  deeper  tinge 
of  the  one  was  owing  to  its  being  in  a state  of 
higher  oxydation  than  the  other.  In  con- 
sequence the  yellow  solution  was  treated  with 
nitric  acid,  but  without  bringing  it  to  the  same 
degree  of  intensity  of  colour  as  was  possessed 
by  the  red  solution.  Oxymuriatic  acid  was 
then  tried,  but  the  effect  of  this  was  to  decom- 
pose the  ammonia,  and  thus  bring  the  salt  to 
the  state  of  simple  muriate,  from  which  a 
subsequent  addition  of  muriated  ammonia  threw 
down  a yellow  salt. 

Portions  of  the  yellow  and  of  the  red  pre- 
cipitate were  next  slowly  decomposed  by  heat, 
The  metallic  residue  from  the^  first  dissolved 
totally  and  with  remarkable  facility  in  nitro- 
muriatic  acid,  and  the  solution  on  the  addition 
of  muriated  ammonia  deposited  a precipitate 
perfectly  similar  to  the  original  yellow  salt. 
That  from  the  last,  on  the  other  hand,  required 
more  acid,  and  after  all  there  remained  a 
portion  of  black  powder  absolutely  insoluble 
by  the  acid  : the  solution  afforded  with  muriated 
ammonia  a red  precipitate,  the  colour  of  which 
however  was  not  so  deep  as  that  of  the  original 
precipitate.  Another  portion  of  the  red  pre- 
cipitate was  decomposed  by  heat ; and  the 
residue  being  placed  within  a porcelain  tube, 
to  one  end  of  which  was  attached  a retort 
with  oxymuriate  of  potash,  and  to  the  other  a 
balloon-receiver  with  water,  was  exposed  to  a 
strong  heat,  at  the  same  time  that  a current  of 
oxygen  gas  procured  from  the  oxymuriate, 
was  passed  over  its  surface.  After  a time  a 
blue  sublimate  passed  into  the  receiver,  and 
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when  this  ceased  the  platina  was  taken  out  of 
the  tube  and  exposed  to  the  action  of  nitro- 
muriatic  acid.  It  now  dissolved  in  the  acid 
without  leaving  any  black  residue,  and  the 
solution  was  somewhat  less  coloured  than  that 
of  the  original  red  precipitate. 

If  to  a solution  of  the  metallic  base  of  the 
yellow  precipitate  in  aqua  regia  be  added  any 
salt  of  soda,  the  result  is  a soda-muriate  from 
which  sal-ammoniac  precipitates  a salt  perfectly 
similar  to  the  original  yellow  precipitate.  But 
if  the  red  triple  salt  be  converted  in  like  manner 
into  a soda-muriate,  and  the  crystals  hence 
resulting  be  exposed  for  some  time  to  the 
action  of  the  air  they  will  acquire  a greenish 
hue  ; being  then  dissolved  in  water,  and  oxy- 
muriate  of  lime  being  dropped  in,  a deep-blue 
precipitate  falls  down,  which  being  heated  with 
borax  affords  a spungy  metallic  mass,  insoluble 
even  in  aqua  regia.  If  the  solution  from 
which  the  green  precipitate  has  been  separated 
is  now  treated  with  sal-ammoniac,  a yellow 
precipitate  is  produced  perfectly  similar  to  that 
formed  in  like  circumstances  from  pure  muriate 
of  platina.  From  the  above  and  other  similar 
results  M.  Descotils  concludes  that  the  red 
salts  of  platina  are  coloured  by  a distinct  metal 
in  a particular  state  of  oxydation  ; that  this 
metal,  by  itself  insoluble  in  acids,  considerably 
impairs  the  solubility  of  the  platina  with  which 
it  is  mixed  ; that  in  different  states  of  oxydation 
it  presents  different  colours,  blue,  violet,  and 
red  j that  this  new  metal  is  in  part  at  least 
volatilizable  on  exposure  to  heat  with  access  of 
oxygen,  in  which  case  it  assumes  the  form  of 
the  blue  oxide. 

The  most  important  circumstances  ascer- 
tained by  M.  M.  Vauquelin  and  Fourcroy,**  in 
their  examination  of  crude  platina  are  the 
following. 

Having  previously  separated  most  of  the 
menachanite  and  some  of  the  chromate  of  iron, 
by  the  successive  digestion  of  the  ore  in  nitric, 
muriatic,  and  sulphuric  acids,  the  residue  was 
treated  by  repeated  portions  of  nitro-muriatic 
acid  till  nothing  remained  undissolved  except 
a black  powder  amounting  to  about  3 per  cent, 
of  the  whole.  Of  this  black  powder  33  gram- 
mes (508.2  grains)  were  mixed  with  an  equal 
weight  of  potash  and  exposed  to  a strong  heat; 
the  mass  was  then  lixiviated  with  water  as 
Jong  as  any  thing  soluble  was  taken  up.  The 
portion  insoluble  in  alkali  was  digested  in 
muriatic  acid,  and  thus  by  alternating  the 
menstrua  nothing  at  length  remained  undis- 


solved except  a few  metallic  grains  weighing 
about  3 grammes.  It  had  been  observed  that 
during  each  lixiviation  a very  pungent  odour 
not  unlike  that  of  horse-radish  was  given  out ; 
in  consequence  of  this  all  the  alkaline  solutions 
were  mixed  together  and  submitted  to  dis- 
tillation with  proper  precautions.  The  fluid 
that  came  over  was  obtained  in  three  separate 
portions,  of  which  the  first  had  a highly 
pungent  odour,  but  the  last  had  very  little. 
The  corks  by  which  the  bottles  holding  these 
three  liquors  were  closed  had  acquired  a deep 
blue  almost  black  colour,  and  a drop  of  the 
first  product  having  fallen  on  the  hand  of  the 
operator  communicated  to  it  an  indelible  deep- 
brown  stain.  To  the  taste  these  liquors  were 
pungent  and  styptic. 

A few  drops  of  tincture  of  galls  were  added 
to  part  of  the  distilled  liquor,  which  imme- 
diately produced  a vivid  blue  tinge.  Into  ano- 
ther portion  was  dropped  some  prussiate  of 
potash,  but  no  precipitate  took  place  ; the  liquor 
however  became  red,  and  on  the  addition  of  a 
little  nitric  acid  passed  to  purple.  Into  another 
portion  a little  muriatic  acid  was  dropped,  and 
a stick  of  zinc  was  put  into  it,  the  fluid  first 
became  purple,  then  deep  blue,  and  at  length 
deposited  a considerable  quantity  of  a black 
flocculent  matter  insoluble  in  acids.  A similar 
change  of  colour  was  occasioned  by  the  addition 
of  green  sulphate  of  iron  and  of  sulphuretted 
hydrogen. 

The  alkaline  lixivium  from  which  the  above 
mentioned  liquor  had  been  distilled,  was  next 
examined,  and  was  found  to  contain  chromic 
acid  combined  with  the  potash. 

The  muriatic  solution  was  the  next  object 
of  enquiry.  For  this  purpose  all  the  muriatic 
solutions  were  mixed  together  and  evaporated 
to  dryness,  in  order  to  separate  the  silex  which 
they  had  taken  up  in  considerable  quantity : 
the  residue  was  washed  with  water  w’hich  took 
up  all  the  metallic  salts.  This  latter  solution 
being  filtered  and  moderately  evaporated  (by 
which  its  colour  had  become  a deep  red)  was 
mixed  with  a little  muriatic  acid,  and  exposed 
to  the  action  of  metallic  zinc.  In  a short 
time  the  solution  became  first  green,  then  blue, 
and  finally  deposited  a copious  flocculent  matter 
of  a brilliant  black  colour.  This  sediment  was 
well  washed  in  water,  and  afterwards  in  diluted 
muriatic  acid  in  order  to  carry  away  any  oxide 
of  iron  that  might  be  present;  it  was  lastly 
desiccated  in  a moderate  heat  and  thus  acquired 
a considerably  brilliant  metallic-white  colour. 


* Ann.  de  Chim.  xlix,  p.  181-219.  1.  p.  5. 
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The  metal  when  thus  purified  has  nearly  the 
appearance  of  platina,  but  is  brittle  and  may  be 
pulverized  without  difficulty.  When  strongly 
heated  before  the  blowpipe  it  is  volatilized 
entirely  in  the  form  of  a white  vapour.  The 
only  acid  that  has  any  action  on  this  metal  is  the 
nitro-muriatic,  and  even  this  when  assisted  by 
a boiling  heat  will  not  take  up  nearly  of 
its  weight.  The  colour  of  the  solution  is 
nearly  rose-red,  which  when  almost  dry  changes 
to  a very  pure  blue,  and  when  perfectly  desic- 
cated returns  again  to  its  former  colour. 

If  the  metal  finely  pulverized  be  mixed  with 
an  equal  weight  of  potash  and  calcined,  the 
result  is  a greenish  mass,  which  when  digested 
in  water  affords  a red  solution,  and  a part  not 
soluble  in  this  fluid.  The  addition  of  any 
acid  to  the  alkaline  solution  throws  down  the 
metal  in  the  state  of  a flocculent  red  oxide.  If 
strong  muriatic  acid  be  digested  on  the  portion 
insoluble  in  water,  it  is  for  the  most  part  taken 
up,  communicating  to  the  menstruum  an  intense 
green  colour,  which  by  dilution  with  water 
changes  to  blue,  and  by  the  subsequent  addition 
of  nitric  acid  to  red.  In  no  state  does  the 
solution  afford  a precipitate  with  prussiate  of 
potash,  provided  it  is  entirely  free  from  iron. 
Tincture  of  galls  assisted  by  a little  alkali 
changes  the  blue  solution  to  a violet,  and 
throws  down  a redish  brown  precipitate. 

From  these  and  other  circumstances  the 
authors  of  this  enquiry  draw  nearly  the  same  con- 
clusions as  Descotils  does  ; namely  that  besides 
the  known  metals  with  which  crude  platina  is 
mixed  or  alloyed,  there  is  another  as  yet  un- 
named, to  which  the  red  colour  of  the  triple 
salts  of  platina  is  owing,  and  which  in  all 
probability  materially  contributes  to  the  hard- 
ness of  all  the  specimens  of  this  metal  which 
have  hitherto  been  offered  to  the  public  as  pure 
platina. 

§ 3.  Plu/sical  Properties. 

Dr.  Wollaston  in  a paper  recently  laid  by 
him  before  the  Royal  Society,®  has  pointed  out 
a method  of  forming  extremely  thin  wires  of 
platina,  which  shows  the  remarkable  ductility 
of  this  m.etal.  He  takes  a globule  of  pure 
platina,  hammers  it  into  a square  rod,  and  then 
draws  it  into  a wire  about  of  an  inch  in 
diameter.  A portion  of  this  wire  is  then 
coated  in  the  usual  manner  with  silver,  forming 
a rod  about  of  an  inch  in  diameter ; and  this 
rod  may  again  be  drawn  to  the  same  degree  of 
tenuity  as  the  first  platina  wire.  Hence  the 
diameter  of  the  platina  in  this  compound  wire 
is  TrkxTi  — TTTT^  of  inch.  In  order  to 
"•-Phil.  Trans.  1813,  p.  114. 


separate  the  platina  from  the  investing  silver 
the  best  way  is  to  bend  a portion  of  the  wire 
into  the  shape  of  the  letter  U with  small  hooks 
at  its  upper  extremities.  In  this  form  it  will 
conveniently  hang  on  a wire  of  gold  or  of 
platina  with  its  lowest  p-art  immersed  in  nitrous 
acid,  till  the  coating  of  silver  is  removed  from 
that  part.  Platina  wire  of  the  above  mentioned 
diameter  will  support  about  1^  grain  before  it 
breaks. 

§ 4.  Chemical  Properties. 

On  this  head  we  have  only  to  add  the 
composition  of  the  o.\ides  of  platina  as  laid 
down  by  Berzelius. If  muriate  of  platina  is 
gently  heated  on  a sand-bath  till  it  ceases  to 
give  out  oxymuriatic  gas,  there  remains  a 
greenish  grey  powder  insoluble  either  in  water 
or  in  acids.  This  powder  is  however  decom- 
poseable  by  the  fixed  alkalies,  which  separate 
from  it  a black  oxidulum  that  is  itself  soluble 
in  an  excess  of  alkali,  forming  a deep  green 
liquor.  In  the  oxidulum  100  parts  of  platina 
are  combined  with  8.28  parts  of  oxygen,  and 
in  the  greenish-grey  oxide  with  twice  as  much, 
or  according  to  actual  experiment,  with  J6.o8 
parts  of  oxygen. 

It  appears  probable  however  from  the  In- 
solubility of  the  platina,  from  the  black  deposit 
after  the  action  of  the  alkali,  and  from  the 
green  colour  of  the  alkaline  solution,  that  the 
platina  employed  by  M.  Berzelius  w'as  con- 
taminated by  a mixture  of  iridium. 

PLEONAS  I'E,  H . Ceylanite,  W. 

The  colours  of  this  mineral  are  blue  and 
green,  each  so  intense  as  to  appear  almost  black. 
It  occurs  in  rolled  grains  or  in  small  crystals  ; 
which  are  either  the  regular  octohedron  (its 
primitive  form)  or  the  rhomboidal  dodecahe- 
dron, perfect,  or  with  the  trihedral  solid  angles 
replaced  by  four  facets.  It  rarely  exhibits  in- 
dications of  the  natural  joints,  the  fracture 
being  perfectly  smooth  and  flat  conchoidal,  with 
a shining  somewhat  resinous  lustre.  It  scratches 
quartz,  but  is  inferior  in  hardness  to  the  red 
spinelle.  Sp.  gr.  3.7. 

Before  the  blowpipe  it  is  infusibl®.  The 
only  analysis  that  has  been  made  of  it  is  by  M. 
Collet  Descotils,  according  to  whom  it  is  com- 
posed of 

68.  Alumlne 
12.  Magnesia 
2.  Silex 

16.  Oxyd  of  Iron 
98. 
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It  occurs  in  the  sand  of  Ceylon,  and  has 
more  recently  been  found  among  the  substances 
ejected  from  Vesuvius. 

This  substance  is  at  present  ranked  by  Haiiy 
as  a variety  of  Spinelle,  with  which  it  agrees  in 
its  crystalline  form,  and  differs  but  little  in 
other  particulars, 

POTASH,  PurCy  and  Il^drat  of.  See 
Alkali  Fixed. 

POTASSIUM.  See  Alkaline  Basis. 

PRUSSIC  ACIDS.  PRUsstATs. 

Some  additions  have  been  made  to  our  know- 
ledge of  this  very  singular  class  of  substances, 
though  the  subject  is  still  peculiarly  difficult. 
What  we  have  at  present  to  offer  relates  to 
actual  experiments  and  matters  of  fact. 

Prnssial  of  Polasli.  'Phe  simple  combi- 
nations of  prussic  acid  with  the  salifiable  bases 
w'cre  shc*wn  by  their  eminent  discoverer,  Scheele, 
to  be  [ eculiarly  easy  of  decomposition,  the 
prussic  acid  being  vclatilized  and  expelled 
from  its  bases  by  every  other  acid,  and  even  by 
a boiling  heat  when  in  solution.  Several  chemists 
however  have  attempted  to  prepare  a simple 
prussiat  of  potash  directly  from  the  lixivium  of 
blood,  without  the  intervention  of  any  salt  of 
iron,  and  the  following  is  the  process  of  Kichter.^ 

Evaporate  to  dryness  a strong  solution  of  a 
pound  of  pure  salt  of  tartar,  or  subcarbonat  of 
potash,  with  .‘J  pounds  of  dried  and  pulverized 
ox-blood.  When  quite  dry,  put  the  whole  in 
a covered  crucible  and  heat  ic  in  a moderate  fire 
till  it  no  longer  puffs  up  ; then  raise  the  heat  to 
redness,  and  continue  it  till  no  mc-re  flame 
is->ues  from  the  crucible.  Remove  the  contents 
and  lixiviate  them  with  water.  This  liquor  is 
quite  limpid,  alkaline,  and  gives  ammoinacal 
iumes.  Evaporate  it  considerably  (during  which 
it  gives  out  an  intense  bitter-almond  smell, 
which  always  attends  the  volatilization  of  free 
prussic  acid)  and  then  add  acetite  of  lime  as 
long  as  there  is  any  precipitate  of  lime  produced 
by  the  excess  of  alkali,  after  which  filter  the 
liquid  and  boil  it  down  till  it  skins  over,  and 
then  ser.it  by  in  a cool  place.  In  about  twelve 
hours  many  small  crystals  are  deposited  of  thp 
shape  of  a cube  truncated  horizontally,  and 
more  of  the  same  crystals  are  yielded  by  a fur- 
ther concentration  of  the  mother  liquor.  Collect 
them  all,  and  purify  them  by  again  dissolving 
them  in  water,  evaporating,  and  crystallizing 
as  before,  but  this  is  attended  with  some  waste 
of  the  prussic  acid,  as  the  same  bitter-almond 
smell  is  given  out,  and  tljtTliquor  becomes 
* ^n.  Cliem.  toni.  51.  p.  182. 


slightly  alkaline.  Therefore  to  avoid  further 
loss,  again  purify  this  second  crop  of  crystals  by 
drying  them  on  blotting  paper,  washing  them 
with  some  alcohol  mixed  with  an  eighth  of 
acetic  acid,  and  again  drying  them  on  paper. 

By  this  process  about  an  ounce  and  a half  of 
the  crystallized  simple  prussiat  of  potash  is  ob- 
tained. This  salt  has  a caustic  taste  mixed  with 
the  same  flavour  of  bitter  almonds,  and  the 
odour  of  the  same  is  perceived  when  the  salt  is 
dissolved  in  water  and  heated  ; but  not  when  It 
is  heated  by  itself.  When  this  salt  is  boiled 
with  Prussian  blue,  a yellow  solution  is  formed, 
which  yields  the  common  triple  prussiat  of  pot- 
ash and  iron. 

To  this  process  of  Richter  the  following  ob- 
servations are  added  by  Bucholz.'^  The  best 
proportions  of  the  material  are  two  parts  of 
dried  blood  to  one  of  alkali.  No  advantage 
whatever  is  gained  by  using  a perfectly  caustic 
alkali.  The  prussic  acid  is  not  very  easily  de- 
stroyed by  dry  heat,  for  much  of  it  remains  in 
the  alkali  even  when  it  begins  to  fuse  : but  the 
process  of  evaporation  should  be  shortened  as 
much  as  possible,  as  the  prussic  acid  is  con- 
stantly flying  off  during  the  whole  time.  There 
is  always  much  uncertainty  in  this  mode  of 
obtaining  the  prussic  acid  and  a good  deal  of 
v/aste  in  every  step  of  the  operation,  and  even 
the  treatment  with  alcohol  and  acetous  acid, 
recommended  at  the  end,  does  not  merely  satu- 
rate the  excess  of  carbonat  of  potash,  which  is 
the  object  of  this  addition,  but  liberates  much 
prussic  acid  which  is  thus  lost, 

Proust  has  the  following  observations  on  the 
simple  prussiat  of  potash.  It  may  be  obtained 
either  by  saturating  potash  with  the  prussic  acid 
expelled  in  the  usual  way  from  prussiat  of  mer- 
cury, or  by  digesting  alcohol  with  a concen- 
trated lixivium  of  potash  and  calcined  blood 
prepared  as  above  described.  The  alcohol  gra- 
dually gains  a bitter  alkaline  taste  as  it  dissolves 
the  prussiat.  Generally  a little  hydrosulphuret 
of  potash  is  contained  in  the  lixivium,  which  is 
also  dissolved  by  the  alcohol.  The  prussiat  of 
potash  is  then  obtained  in  a solid  state  by  eva- 
poration and  crystallization. 

When  the  watery  solution  of  this  simple 
prussiat  is  boiled,  it  constantly  parts  vdth  its 
acid  as  already  mentioned,  and  the  vapour  burns 
when  a lighted  taper  is  brought  to  it.  Besides 
which,  another  part  of  the  prussic  acid  is  de- 
composed in  the  boiling  lixivium  itself,  pro- 
ducing carbonat  of  ammonia,  which  appears  in  a 
gradually  encreasing  quantity  as  the  boiling  is 
* Ibid,  page  185.  ‘ Ibid.  tom.  GO. 
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continued.  During  the  whole  time  the  potash 
as  it  loses  prussic  acid  acquires  carbonic  acid, 
so  that  the  lixivium,  which  at  first  does  not 
alter  muriat  of  lime,  gives  an  abundant  precipi- 
tate of  carbonat  of  lime  after  continued  boiling. 

All  that  has  been  observed  concerning  the 
prussic  acid  shews  the  extreme  facility  with 
which  it  separates  from  its  simple  union  with 
an  alkali,  as  Scheele  has  remarked. 

To  proceed  with  Proust’s  observations  : 

Triple  Prussict  of  Potash  and  Iron,  or 
Common  Cn/stallized  Prussiat  of  Potash  — 
Prussian  Blue — While  Prussiat  of  Potash 
and  Iron. 

The  triple  prussiat  of  potash  and  iron  does 
not  change  on  exposure  to  air,  nor  does  it  (like 
the  simple  prussiat)  lose  any  acid  by  long  boil- 
ing. It  is  also  insoluble  in  alcohol.  The  iron 
which  it  contains  is  the  subo  rt/d,  and  it  is  to 
this  that  it  owes  its  property  of  producing  Prus- 
sian blue  with  the  peroxi/d  of  iron.  We  arc 
not  acquainted  with  that  prussiat  of  iron  in  a 
Separate  form  which  constitutes  all  but  the 
alkaline  portion  of  this  triple  prussiat,  for 
though  this  salt  is  produced  by  Prussian  blue 
and  alkali,  the  Prussian  blue  is  partly  decom- 
posed in  the  process,  and  parts  with  a portion 
of  pcroxj/d  of  iron,  which,  dissoving  in  another 
portion  of  the  alkali,  forms  an  alkaline  solution 
of  iron  at  tlie  same  time. 

The  hydrosulphurets  of  potash  and  ammonia 
have  no  action  on  the  triple  prussiat  of  potash 
and  iron,  even  when  boiled  with  it. 

The  author  gives  the  following  improved 
method  of  producing  the  While  Prussiat  of 
Iron,  Put  into  a phial  a very  dilute  solution 
of  green  sulphat  of  iron,  and  keep  some  bits  of 
sulphuret  of  iron  at  the  bottom  to  preserve  the 
low  degree  of  oxygenation.  Boil  in  a matrass 
15  or  ^0  grains  of  crystals  of  triple  prussiat  of 
potash  in  3 ounces  of  hydrosulphuretted  water. 
When  the  vapour  of  the  boiling  liquid  has 
issued  for  several  seconds,  and  expelled  most  of 
the  common  air  in  the  matrass,  add  the  solution 
of  sulphat  of  iron  by  drops,  and  the  liquid  will 
immediately  become  as  white  as  milk,  and  con- 
tinues so  as  long  as  the  boiling  is  kept  up.  On 
standing  a few  seconds  a precipitate  falls  to 
the  bottom,  which  is  the  white  prussiat  •,  but 
then  the  effect  of  the  atmosphere  begins,  and 
a blue  tint  forms  on  the  surface,  which  gradu- 
ally extends  downw’ards  through  the  wdiolc 
mass. 

Prussiayi  Blue.  It  is  an  opinion,  we  be- 
lieve, peculiar  to  Proust,  that  the  prussic 


acid  in  this  compound  is  united  not  to  the 
peroxj/d  but  to  the  subox/yd,  or  black  oxyd  of 
iron.  This  substance  does  indeed  contain  a 
certain  quantity  of  the  peroxyd,  as  is  proved  by 
the  conversion  of  the  white  into  the  blue  prus- 
siat by  absorption  of  oxygen,  but  the  author 
asserts  that  the  same  portion  of  suboxyd  re- 
mains united  to  the  prussic  acid,  as  was  before 
combined  with  it  in  the  triple  prussiat  from 
which  the  blue  prussiat  is  produced.  Hence 
when  Prussian  blue  is  produced  by  adding  the 
triple  prussiat  of  potash  and  suboxyd  of  iron  to 
any  other  salt  of  iron,  it  is  the  oxyd  of  the 
latter  salt  only  that  passes  to  the  highest  state 
of  oxydation  (if  It  were  not  so  before)  and  the 
suboxyd  of  the  triple  prussiat  accompanies  it 
unchanged. 

The  chief  reason  which  the  author  gives  for 
this  opinion  of  the  unchangeable  nature  of  the 
suboxyd  whilst  united  with  prussic  acid  in 
Prussian  blue,  is,  that  if  the  peroxjyd  of  iron  is 
digested  with  prussic  acid,  no  combination 
■whatever  will  take  place,  but  if  the  suboxjyd 
be  used  a green  prussiat  svill  be  formed,  which 
soon  becomes  blue  by  contact  of  the  air/  This 
last  hict  would  indeed  lead  to  the  conclusion 
that  the  blue  colour  is  an  indication  of  perfect 
oxygenation  of  all  the  iron  present,  since  it  is 
produced  obviously  by  absorption  of  oxygen 
from  the  air : nor  is  it  easy  to  explain  this  ex- 
periment on  Proust’s  hypothesis,  of  a mixture 
of  suboxyd  and  peroxyd  in  Prussian  blue. 

It  is  a fact  however,  and  was  early  noticed  by 
Scheele,  that  the  simple  prussic  acid,  or  the 
simple  prussiat  of  potash,  will  not  give  any  pre- 
cipitate with  any  salts  df  iron,  except  those  in 
which  the  metal  is  in  the  lowest  state  of  oxy- 
dation ; but  the  precipitate  once  being  formed, 
a portion  at  least  of  the  suboxyd  passes  to  the 
state  of  peroxyd  by  absorption  of  oxygen,  and 
gives  the  deep  tint  of  Prussian  blue. 

Prussic  The  pure  gasseous  prussic 

acid  is  obtained  by  heating  in  a retort  triple 
prussiat  of  potash  with  dilute  sulphuric  acid. 
The  gas  may  be  received  either  in  water  or  al- 
cohol, or  over  mercury,  and  when  either  of  these 
liquids  is  introduced,  it  will  absorb  the  gas 
rapidly.  The  prussic  gas  is  constantly  tending 
to  escape  from  the  watery  solution,  and  when 
the  liquor  is  warmed  so  that  the  gas  is  given  out 
rapidly,  it  will  burn  in  an  uniform  jet  of  flame, 
when  lit  by  a taper.  The  watery  solution  will 
also  decompose  by  Itself,  even  when  kept  in  a 
closed  vessel.  It  turns  yellow  in  a few  months 
and  deposits  a sediment  of  charcoal.  The  watery 
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solution  of  prussic  ras  if  I'cccnt,  does  not  trouble 
even  the  polution  of  green  sulplut  of  iroTi,  but 
if  it  has  beei'i  long  kept,  the  blue  precipitate  is 
fornaed,  which  is  a triple  contpound  of  the  prus- 
sic acid,  of  suboxyd  of  iron,  tend  of  the  ammonia 
generated  by  tlie  spontaneous  decomposition  of 
part  of  the  prussic  solution. 

On  the  other  hand  alcohol  qatuvated  with 
pru'^sic  acid  preserves  it  without  change. 

M.  Gay  Iwussac  lia.s  given  some  further  par- 
ticulars respecting  the  prussic  acid,  in  which 
he  shews  that  when  free  from  any  combination, 
the  gas  maybe  condensed  into  a peculiar  liquid. 
Some  prussic  gas  was  prepared  by  decomposing 
prussiat  of  mercury  with  muriatic  acid,  and  was 
collected  over  mercury.  During  the  opera- 
tion some  globules  of  liquid  came  into  the  ves- 
sels holding  the  gas,  and  on  the  following  day, 
when  the  temperature  had  fallen  to  dD.  Fahr. 
the  volume  of  prussic  gas  had  much  lessened, 
and  more  of  this  liquid  had  condensed.  Another 
mode  of  preparing  it  was  llien  employed  ; som.e 
prussiat  of  mercury  was  put  in  a tubulated  re- 
tort, in  the  beak  of  which  a bent  tube  was  luted, 
the  other  end  of  which  dipped  into  a tubulated 
bottle,  holding  a mixture  ot  dry  muriat  of  lime 
and  chalk,  intended  to  detain  both  the  water  and 
the  muriatic  acid  that  might  come  over,  A 
tube  proceeding  from  this  bottle  led  to  a second 
Bimilar  bottle  contauting  muriat  of  lime,  and 
this  was  joined  to  a ground  stopper  glass  phiai, 
in  which  it  was  proposed  to  collect  the  pure 
prussic  acid.  This  and  the  two  other  tubulated 
pottles  were  surrounded  rvith  ice  and  salt. 
Muriatic  acid  was  then  poured  into  the  retort, 
and  gently  heated.  The  prussiated  mercury 
goon  dissolved,  vapours  condensed  in  streaks  on 
the  neck  of  the  retort,  and  the  operation  was 
Stopped  as  soon  as  water  began  to  be  vaporized. 

All  the  prussic  acid  thus  obtained,  usually 
condenses  in  the  first  bottle  adhering  to  the 
muriat  of  lime,  which  last  remains  dry  if  no 
water  has  distilied  oyer,  but  if  any  has  passed, 
the  bottle  contains  two  unmixed  liquids,  of 
which  the  lower  is  a solution  of  muriat  of  lime 
in  water,  and  the  upper  is  the  prussic  acid.  To 
rectify  it,  it  is  only  necessary  to  remove  the 
retort,  to  close  the  orifice  where  the  tube  from 
it  entered  the  first  bottle,  to  remove  the  freezing 
mixture  from  this  alone,  and  instead,  to  heat  it 
very  gently  not  exceeding  85*  or  95“’ Fahr.  By 
this  means  the  prussic  acid  is  driven  into  the 
second  bottle  j and  by  a further  rectification  it 
may  be  made  to  pass  into  the  third.  Indeed 
the  second  bottle  with  muriat  of  lime  appears 
Euperfluous,  and  may  probably  be  omitted. 


Prussic  acid  thus  obtained  is  a limpid  colour- 
less fiuid.  Its  taste  is  at  the  first  moment  cool, 
hut  soon  becomes  bet  and  acrid,  Thougii  rec- 
tified from  chalk  it  weakly  reddens  litmus  paper. 
Its  density  at  45®  is  0.7058,  It  is  highly  vola- 
tile, and  boils  at  79®. : at  fiS°,  it  supports  a 
column  of  mercury  at  14.90  Inches  (Eng.)  it 
encreases  five-fold  the  bulk  of  any  ga?,  with 
which  it  is  mixed.  When  exposed  to  the  cold 
produced  by  a mixtiue  of  salt  and  snow  it  con- 
geals, often  into  regular  crystals  resembling 
fibrous  nitrated  ammonia.  It  begins  to  liquify 
at  5°,  When  a drop  of  it  is  put  upon  paper  it 
congeals  instantly,  owing  to  the  cold  produced 
by  the  evaporation  of  one  portion  reducing  the 
temperature  of  the  remainder. 

shall  add  (from  Proust)  a few  additional 
observations  concerning  the  simple  prussiat  of 
mercury.  The  basis  of  this  salt  is  the  red  ox  yd 
or  peroxyd  of  this  metal,  and  it  liifFers  from 
most  of  the  other  simple  prussiats  by  being  much 
more  fixed,  and  not  parting  with  its  acid  by 
mere  solution  and  boiling.  When  prepared 
from  Prussian  blue  containing  potash,  it  will 
carry  with  it  part  of  the  potash,  and  also  some 
ox  yd  of  iron.  The  latter  maybe  separated  by  re- 
peatedly boiling  the  prussiat  with  red  oxyd  of 
mercury,  during  which  it  deposits  the  red  oxyd 
of  iron  which  it  held  in  solution.  Prussiat  of 
mercury  readilycrystallizesintetrahedral  prisms. 
It  is  totally  decomposed  by  gradual  distillation, 
giving  a highly  inflammable  prussic  gas  mixed 
with  oil  and  carbonic  oxyd  and  acid,  and  about 
73  per  cent,  of  mercury.  There  appears  to  be  no 
prussiated  suboxyd oi  mercury,  for  when  prussic 
acid  is  digested  with  calomel  or  with  the  nitrated 
suboxyd  of  mercury,  running  mercury  and  the 
common  prussiat  of  mercury  are  obtained.  Both 
the  simple  and  the  triple  prussiat  of  potash  are 
decomposed  by  red  oxyd  of  mercury ; in  the 
latter  case  long  boiling  is  required,  the  iron  of 
the  triple  prussiat  is  deposited  as  peroxyd,  and 
along  with  it  some  running  mercury  which  has 
probably  been  brought  to  the  metallic  state  by 
yielding  oxygen  to  the  iron,  and  the  rest  of  the 
mercury  unites  as  red  oxyd  to  the  prussic  acid. 
Muriatic  acid  heated  with  prussiat  of  mercury 
totally  decomposes  it,  the  prussic  acid  is  given 
out,  and  the  residue  is  totally  soluble  in  alcohol 
(which  prussiat  of  mercury  is  not)  and  is  merely 
corrosive  sublimate. 

PYCNITE.  See  Topaz. 

PYROACETIC  SPIRIT.  See  Acetic 
Acid. 

PYROPHYSALITE.  See  Topaz. 
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SARCOLITE.  See  Analcime. 
SCHILLERS? AR.  See  Diallage. 
SILEX  SILICIUM. 

The  existence  of  a pure  metallic  basis,  of 
which  silex  is  an  oxyd,  has  been  made  probable 
by  several  experiments,  first  by  the  eminent  dis- 
coverer of  the  alkaline  bases,  and  afterwards  by 
Berzelius  and  Stromeyer. 

When  iron  is  negatively  electrified,*  and 
fused  by  the  Voltaic  battery  in  contact  with 
silex,  the  metallic  globule  contains  a matter 
which  affords  silex  during  its  solution.  As  the 
globule  has  an  uniform  metallic  appearance,  it 
may  fairly  be  presumed  to  be  an  alloy  of  iron 
with  some  other  metallic  substance,  which  in 
all  probability  is  the  basis  of  silex,  since  silex 
is  produced  on  solution  of  this  alloy.  Also 
when  potassium  is  ignited  in  contact  with  silex, 
a compound  is  formed  consisting  of  potash,  in 
which  are  black  particles  resembling  plumbago, 
which  are  supposed  with  probability  to  be  the 
same  metallic  basis  of  silex.  They  are  but 
little  acted  on  by  water,  but  they  slowly  dissolve 
in  acids  with  effervescence,  and  when  heated 
they  burn  and.  become  converted  into  a white 
matter  which  is  silex.  This  metallic  basis  of 
silex  is  termed  Silicium. 

Professor  Berzelius  has  obtained  this  sub- 
stance in  combination  with  iron  in  the  following 
way.**  A mixture  of  o grammes  of  iron  filings, 
1^  gramme  of  silex,  and  0.66  of  a gramme  of 
powdered  charcoal  were  exposed  for  an  hour  to 
a blast  furnace  in  a luted  crucible.  In  the  mass 
when  cold  were  found  small  metallic  reguli, 
which  were  extracted  by  'the  magnet,  and 
cleaned  on  paper.  Some  of  them  were  put 
into  dilute  sulphuric  acid,  and  slowly  dissolved 
therein  when  heat  was  applied.  When  all  ac- 
tion of  the  acid  had  ceased,  the  forms  of  the 
globules  still  remained,  but  of  various  colour, 
and  all  of  them  when  burned  in  open  fire  left  a 
red  or  a white  ball  of  silex  of  the  same  shape  as 
the  original  globule.  The  silex  amounted  to 
about  per  cent,  of  the  weight  of  the  globule. 

Another  similar  experiment  was  made,  but 
with  less  charcoal.  Equal  parts  of  ground  flint 
and  iron  filings  and  Vv  of  their  w'eight  of  pow- 
der of  charcoal  were  made  into  a paste  with 
gum,  and  divided  into  little  balls.  These  were 
packed  up  in  powder  of  flints,  enclosed  in  a 
luted  crucible  and  heated  as  before.  The  glo- 
bules thus  obtained  were  less  perfectly  fused 


than  the  former,  but  more  malleable.  When 
digested  in  aqua  regia,  the  iron  was  dissolved 
with  vehement  action,  and  the  acid  left  a white 
mass  of  silex  of  the  form  of  the  globules,  which 
swelled  by  continued  digestion  with  the  acid, 
and  became  semi-gelatinized  on  evaporation. 
The  silex  in  this  experiment  amounted  to  about 
19  per  cent,  of  the  whole  globule. 

The  author  relates  many  attempts  made  to 
analyze  these  globules  with  accuracy*  in  order 
to  ascertain  the  proportion  of  Siliciu7n  in  them 
(supposing  them  to  be  a triple  alloy  of  iron, 
silicium,  and  carbon)  and  hence,  by  the  differ- 
ence of  weight  between  the  silicium  and  silex, 
to  infer  the  quantity  of  oxygen  absorbed  by  the 
latter.  This  analysis  could  not  be  brought  to  a 
very  satisfactory  degree  of  accuracy,  chiefly  on 
account  of  the  difficulty  of  finding  the  exact 
quantity  of  carbon,  owing  to  a conversion  of 
part  of  it  into  a kind  of  fetid  oil  during  the  ac- 
tion of  acids,  but  the  average  results  of  the  ex- 
periments would  give  the  composition  of  silex 
to  be  about  equal  weights  of  silicium  and  oxygen. 

A later  series  of  interesting  experiments  on 
the  same  subject  has  been  made  M.  Fred.  Stro- 
meyer, who  has  gone  over  the  same  ground  as 
Berzelius,  and  with  nearly  similar  results.® 
Great  care  was  taken  to  select  very  pure  iron, 
silex,  and  charcoal,  the  latter  was  pure  lamp- 
black, to  avoid  the  small  proportion  of  potash 
which  all  wood  charcoal  gives  when  burnt. 
The  whole  was  made  into  a paste  with  linseed 
oil,  and  heated  most  Intensely  for  an  hour  in  a 
luted  hessian  crucible.  As  to  the  respective 
proportions  of  these  three  ingredients,  the 
author  found  from  many  trials  most  uniform 
success  from  5 parts  of  silex,  7 of  iron,  and 
from  0.25  to  0.8  of  lamp-black.  With  from 
0.25  to  0.5  of  the  lamp-black  the  alloy  remained 
more  or  less  ductile,  but  where  it  exceeded  0.5 
it  was  brittle.  M uch  difference  however  was 
found  between  the  globules  of  alloy  resulting 
from  the  very  same  operation,  in  their  size, 
colour,  lustre,  ductility,  and  also  in  their  com- 
position, so  that  the  effect  of  the  fusion  is  very 
unequal  in  the  different  parts  of  the  same 
crucible. 

The  specific  gravity  of  these  globules  of  alloy 
varied  from  6.77  to  7.32,  and  was  always  mucli 
inferior  to  that  of  the  iron  used,  which  was 
7.828*  The  author  describes  several  varieties 
in  the  texture  and  other  sensible  properties  of 
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these  globules.  One  of  these  bears  a very 
strong  resemblance  to  common  steel,  and  like 
steel  it  becomes  hardened  by  being  quenched  in 
water  when  red-hot,  and  it  also  assumes  the 
usual  shades  of  colour  on  being  heated  to  differ- 
ent degrees.  All  the  varieties  of  this  alloy  are 
harder  than  forged  iron,  and  take  a very  high 
polish,  and  also  are  perfectly  magnetic. 

M.  Stromeyer  gives  the  particulars  of  the 
analysis  of  every  variety  of  these  globules  of 
alloy,  which  is  rendered  difficult  for  the  reason 
already  mentioned,  namely  the  uncertainty  in 
estimating  accurately  the  carbon.  Neverthe- 
less he  finds  full  reason  to  infer  the  probability 
of  the  existence  of  Siliciu?n  for  the  folloAving 
reasons,  viz. 

That  the  iron  and  silex  extracted  from  the 
alloy  (estimating  the  iron  in  the  reguline  state) 
when  taken  together  very  sensibly  exceed  the 
weight  of  the  alloy  examined,  even  making 
no  allowance  for  the  carbon  : that  the  alloy  gives 
a much  greater  quantity  of  hydrogen  with  mu- 
riatic acid  than  the  iron  alone  which  it  contains 
would  give  : that  there  is  no  known  mechanical 
or  chemical  combination  of  a metal  with  an 
earth,  w'hich  requires  the  successive  operation  of 
the  most  powerful  reagents  to  decompose  as  this 
alloy  does ; and  that  the  iron  retains  its  malle- 
ability in  this  alloy,  this  property  being  appa- 
rently only  affected  by  the  proportion  of  char- 
coal present.  For  all  these  reasons  therefore  it 
appears  hardly  to  be  doubted  that  it  is  the  me- 
tallic basis  of  silex,  and  not  the  earth  itself  which 
enters  into  this  triple  alloy. 

The  general  mean  results  of  these  experi- 
ments give  the  composition  of  silex  to  be  46  pe»r 
cent,  of  silicium,  and  54.  of  oxygen. 

In  the  difterent  varieties  of  the  above-men- 
tioned alloy,  the  component  parts  of  the  most 
brittle,  which  is  termed  the  lamello-granulated 
si  lido-car  buretted  iron,  are  85.352  of  iron,  9.268 
of  silicium,  and  5.38  of  carbon  : and  the  most 
ductile  contains  96.178  of  iron,  2.212  of  sili- 
cium, and  1.61  of  carbon : the  silicium  there- 
fore varies  from  about  2.2  to  9.2  per  cent.  The 
alloy  is  sub-ductile  when  the  silicium  does  not 
exceed  3 per  cent. 

SILVER. 

For  some  further  observations  on  the  com- 
position of  the  oxyd  and  muriat  of  silver,  see 
the  article  Affinity/  in  this  appendix. 

SODA,  pure,  and  hydrat  of.  See  Alkali 
Fixed. 

SODALITE.‘ 

This  mineral  occurs  massive  and  crystallized 


in  rhomboidal  dodecahedrons.  Its  colour  Is 
bluish  green.  It  exhibits  joints  in  at  least  two 
directions.  Its  longitudinal  fracture  is  foliated 
with  a shining  resinous  lustre ; its  cross  fracture 
is  conchoidal  with  a vitreous  lustre.  It  is  trans- 
lucent, yields  with  difficulty  to  the  knife.  Sp. 
gr.  about  2.37.  When  heated  to  redness  it  ac- 
quires a dark  grey  colour  •,  it  is  not  fusible  yjc?’ 
se  before  the  blowpipe. 

It  has  been  analyzed  by  Dr.  Thomson  and 
M.  Ekeberg,  with  the  following  results. 


T. 

38.52 

E. 

36.  Silex 

27.48 

— 

32.  Alumine 

23.5 

— 

25.  Soda 

3. 

— 

6.75  Muriatic  acid 

1. 

— 

0.25  Oxyd  of  iron 

2.70 

— 

- ■ ■ - Lime 

2.1 

— 

Volatile  matter 

98.3 

100.0 

1.7  Loss 


It  occurs  In  Greenland  associated  with  sail- 
lite,  augite,  hornblende,  and  garnet. 

SODIUM.  See  Alkaline  Basis. 

SPINELLE  Zinciferous.  See  Automa- 

LITE. 

SPINELLANE. 

This  mineral  occurs  In  minute  rhomboidal 
crystals  of  a blackish-brown  colour.  It  scratches 
glass,  and  when  exposed  to  the  blowpipe  be- 
comes first  white  and  then  fuses  without  dif- 
ficulty into  a white  very  frothy  enamel.  It  has 
been  found  by  M.  Nose  on  the  border  of  the 
lake  of  Laach,  in  a rock  composed  of  grains  and 
small  crystals  of  glassy  felspar,  of  quartz,  horn- 
blende, black  mica,  and  magnetic  iron  ore. 
STILBITE. 

It  occurs  crystallized  or  fasciculated.  Its 
form  is  a four  or  six-sided  prism,  truncated,  or 
with  pyramidal  terminations,  the  faces  of  which 
are  unequally  inclined  with  regard  to  each 
other.  It  is  transparent,  translucent,  and  some- 
times almost  opake.  Its  colour  is  white,  grey, 
or  brown,  with  a pearly  lustre.  It  exhibits 
natural  joints  only  in  one  direction  : its  cross 
fracture  is  uneven,  glimmering.  It  scratches 
calcareous  spar,  but  is  softer  than  glass.  Sp. 
gr.  2.5. 

It  is  not  electric  by  heat  j by  digestion  in  cold 
nitric  acid  it  swells,  but  does  not  gelatinize.  On 
exposure  to  the  blowpipe  it  first  exfoliates,  and 
then  melts  with  ebullition  and  phosphorescence 
into  a white  enamel. 
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According  to  an  analysis  of  this  mineral  by 
Vauquelin,  it  is  composed  of 
52.  Si  lex 

17.5  Aluniine 

. 9.  Lime 

18.5  Water 


97.0 

3.0  Loss 

It  occurs  sometimes  in  mineral  veins,  but 
generally  filling  cavities  in  amygdaloid. 

STONE  METEORIC.  See  Aerolite. 
SUGAR. 

A singular  mode  of  converting  starch  and 
other  insipid  vegetable  matter  into  a highly  sac- 
charine matter  has  been  discovered  by  M. 
KirchofF  of  St.  Petersburg,  and  amply  confirmed 
by  subsequent  trials. 

It  consists  simply  in  boiling  a solution  of  the 
starch  for  many  hours  with  a small  quantity  of 
sulphuric  acid,  during  which  the  mixture  will 
gradually  acquire  a sweetish  taste,  and  this  sac- 
charine quality  encreases  to  a certain  point, 
after  which  the  acid  (which  does  not  appear  to 
> be  decomposed  in  the  process)  must  be  saturated 
with  lime,  and  separated  in  the  form  of  sulphat 
of  lime,  and  the  remaining  liquid  which  is  then 
a rich  syrupy  mass,  may  either  be  evaporated  to 
dryness,  or  (by  way  of  experiment)  maybe  mixed 
with  yeast  and  fermented,  and  will  then  yield  a 
considerable  quantity  of  ardent  spirit  by  distil- 
lation. It  does  not  appear  however  that  a very 
pure  crystallized  sugar  has  ever  been  obtained  in 
this  way,  though  the  saccharine  mass  has  both 
the  taste  and  the  most  important  chemical  pro- 
perties of  sugar. 

M.  KirchofFs  original  experiment  is  the  fol- 
lowing.^ Take  100  lbs.  of  starch,  400  lbs.  of 
water,  1 lb.  of  sulphuric  acid,  and  some  pow- 
dered charcoal  and  chalk.  Mix  the  acid  with 
half  the  water,  bring  it  to  boil  in  a well  tinned 
copper ; rub  the  starch  with  the  rest  of  the 
water,  pass  it  through  a sieve,  and  add  it  by  six 
ounces  at  a time  to  the  boiling  acid  and  water. 
Then  continue  the  boiling  for  36  hours,  adding 
fresh  water  to  supply  the  waste  by  boiling. 
Afterwards  add  a little  charcoal  powder  and 
chalk  sufficient  to  saturate  the  acid,  and  pass 
through  a linen  cloth  the  liquid  which  is  now 
clear  and  sweet.  Evaporate  it  by  a gentle  heat 
to  the  consistence  of  syrup,  and  set  it  by,  that 
the  sulphat  of  lime  may  crystallize.  Remove 
tliis,  strain  the  liquid  part  and  again  set  it  by, 
when  the  rough  sugar  will  separate  in  about 
three  days.  This  may  be  pressed  with  ease 
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from  the  adhering  syrup,  and  by  being  again  dis- 
solved and  crystallized,  will  become  much  purer. 

If  a greater  quantity  of  sulphuric  acid  is  em- 
ployed, the  boiling  must  bo  continued  longer. 

Not  only  the  sulphuric,  but  the  muriatic  and 
some  of  the  other  acids  will  thus  convert  starch 
into  sugar,  but  the  sulphuric  is  by  much  the 
most  convenient,  as  when  it  has  performed  its 
office,  it  may  be  removed  with  great  ease  by 
means  of  lime. 

M.  KirchofFs  experiment  has  been  repeated 
much  at  large  by  M.  Vogel.'’  Some  starch  w'us 
first  washed  with  cold  water  merely  to  purify 
it ; then  2000.  parts  of  it  rubbed  with  8000 
parts  of  water  acidulated  with  40.  parts  of  sul- 
phuric acid,  were  boiled  for  36  hours  in  a silver 
vessel  (which  is  much  better  than  one  of  copper 
or  tin)  with  stirring,  at  first  constant,  afterwards 
only  occasionally.  Tke  process  was  conducted 
as  above  described,  and  a quantity  of  rich  syrup 
about  equal  to  the  starch  employed  was  ob- 
tained. M.  Vogel  also  got  an  equal  quantity 
from  twice  the  proportion  of  acid,  and  only 
eight  hours  boiling.  This  syrup  boiled  down 
slowly  in  tin  moulds  gave  a solid  transparent 
elastic  mass,  which  attracted  moisture  from  the 
air.  A portion  of  It  mixed  with  yeast  and  fer- 
mented, yielded  alcohol  by  distillation. 

A similar  sacdiarine  gummy  mass  was  ob- 
tained from  potatoe  starch.  This  was  further 
analyzed  by  boiling  alcohol,  which  left  undis- 
solved about  a fifth  of  the  whole  in  the  form  of 
a viscous  matter  much  resembling  gum  arable 
when  dry,  but  differing  from  it  in  not  forming 
the  mucous  acid  when  treated  with  the  nitric. 

M.  Vogel  then  tried  the  effect  of  a similar 
boiling  with  sulphuric  acid  upon  sugar  of  milk, 
which  though  saccharine  to  the  taste  is  not 
capable  of  the  vinous  fermentation  : 100  parts 
of  sugar  of  milk,  2 parts  of  strong  sulphuric 
acid,  and  400  parts  of  w'ater  were  boiled  toge- 
ther only  for  three  hours,  and  the  excess  of 
acid  neutralized  by  chalk.  On  evaporating  the 
clear  syrup  it  concreted  in  a few  days  into  a rich 
saccharine  mass,  which  now  would  ferment  on 
adding  yeast,  and  yielded  alcohol  by  distillation. 

Muriatic  acid  was  found  to  have  the  same 
effect  as  the  sulphuric  upon  sugar  of  milk,  but 
not  the  nitric  or  acetic  acids. 

We  shall  relate  another  experiment  on  the 
same  subject,  performed  by  Dr.  Tuthill,  as  it  ap- 
pears to  have  been  made  with  great  attention.® 
One  pound  and  a half  of  potatoe  starch,  six 
pints  of  distilled  water,  and  a quarter  of  an 
ounce,  by  weight,  of  sulphuric  acid  were  boiled 
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together  in  an  earthen  vessel  for  thirty-four  hours 
without  intermission,  the  waste  by  evaporation 
being  supplied  by  fresh  water,  and  frequent  stir- 
ring being  used  to  prevent  the  material  from 
burning.  The  liquid  had  become  sensibly  sweet 
to  the  taste  at  the  end  of  twenty  four  hours,  and 
this  sweetness  encreased  as  long  as  the  boiling 
was  continued.  At  the  end  of  this  time,  half 
an  ounce  of  finely  powdered  charcoal  was  added, 
and  the  boiling  continued  two  hours  longer. 
The  acid  was  then  saturated  by  lime,  the  boil- 
ing continued  half  an  hour  longer,  the  liquid 
.strained  through  cloth,  and  the  residue  rinced 
in  warm  water.  This  latter,  when  dry, 
weighed  ^ of  an  ounce,  and  consisted  chiefly  of 
charcoal  and  sulphat  of  lime.  The  filtered 
liquid  was  then  evaporated  in  a water-bath  to 
the  consistence  of  syrup,  and  set  aside.  In 
eight  days  it  had  concreted  to  a crystalline  mass, 
tasting  like  a mixture  of  brown  sugar  and 
treacle.  One  pound  of  this  sugary  matter  was 
then  dissolved  in  four  pounds  of  water,  a quar- 
ter of  an  ounce  of  yeast  was  added,  the  mixture 
was  fermented,  distilled  and  rectified,  and  gave 
a weak  ardent  spirit,  which  from  Elagden’s 
tables  was  found  to  contain  14  drams  by  mea- 
sure of  proof  spirit.  The  whole  amount  of  the 
saccharine  matter  was  1|  lb.,  the  produce  of 
ly  lb.  of  starch  from  SI  lbs.  of  potatoes. 

Such  are  the  facts  of  this  singular  process. 
The  explanation  of  it  is  very  obscure.  It  might 
at  first  be  supposed  that  the  sulphuric  acid  was 
decomposed  by  the  vegetable  matter,  but  from 
the  experiments  both  of  Vogel  and  Bouillon  La 
Grange,^  it  appears  that  this  is  not  the  case. 
Not  only  is  no  sulphureous  acid  generated,  but 
no  sign  of  acidity  whatever  is  given  by  the  liquid 
condensed  from  the  vapour  of  these  materials 
when  boiling,  (which  is  mere  water)  and  besides 
jt  appears  that  the  acid  remaining  in  the  syrup 
after  the  long  boiling,  will  saturate  as  much  of 
any  base  as  it  would  have  done  before  mixture 
with  the  starch. 

Some  chemists  have  suggested  that  the  mere 
effect  of  heat  on  the  starch  might  convert  it  into 
sugar  independently  of  the  acid,  but  on  trial,  by- 
boiling  starch  and  water  together  for  four  suc- 
cessive days  a liquid  mass  was  obtained,  not  in 
the  smallest  degree  saccharine,  but  only  a bitter 
mucilage. 

La  Grange  made  the  experiment  of  boiling 
100  grammes  of  sugar  of  milk,  4 grammes  of 
sulphuric  acid,  and  400  grammes  of  water,  in  a 
retort,  and  collecting  all  the  products.  No  gas 
whatever  was  given  out  but  the  air  of  the  vessel. 
A given  quantity  of  potash  was  then  added  to 


saturate  the  acid,  and  the  whole  was  evaporated 
to  dryness.  It  was  then  weighed,  and  amounted 
only  to  98  grammes.  This  experiment  was- 
repeated  several  times  with  a very  close  resem- 
blance in  the  results,  the  loss  of  weight  being  at 
times  a little  more  or  less,  but  always  much 
more  than  the  water  originally  added,  and  that 
which  might  exist  in  the  sulphuric  acid. 

The  inference  which  the  author  makes  is, 
that  as  no  gasseous  product  was  given  out,  and 
as  no  liquid  but  water  distilled  over,  this  loss  of 
weight  can  only  be  accounted  for  from  the  pro- 
duction of  a'  quantity  of  water  from  the  sugar 
of  milk  employed.  A similar  result  took  place 
with  starch.  Hence  it  would  appear  not  im- 
probable that  when  starch,  sugar  of  milk,  &c. 
lose  a certain  quantity  of  hydrogen  and  oxygen 
(in  the  same  proportions  in  which  these  consti- 
tute water)  they  approach  to  the  nature  of  sugar. 
Some  light  may  be  thrown  upon  this  subject  by 
the  Ana/j/sis  of  Vegetable  Matter  (given  in 
this  appendix ) conducted  by  Gay  Lussac  and 
Thenard,  by  which  these  eminent  chemists  ap- 
pear to  have  proved  that  all  these  vegetable  mat- 
ters, namely  starch,  sugar,  sugar  of  milk,  muci- 
lage, &c.  consist  merely  of  carbon  and  water, 
or  its  two  materials  In  their  proper  proportions^ 
and  hence  the  sole  abstraction  or  addition  of 
water  assisted  by  some  powerful  chemical  re- 
agent, may  convert  one  into  the  other. 
SULPHUR,  Alcohol  of.  Liquid 

BURETTED  SuLPHUR. 

In  1796,  M.  Lampadius  distilling  martial 
pyrites  with  charcoal,  obtained  a very  singular 
liquor,  to  which  he  gave  the  name  of  Alcohol 
of  Sulphur,  and  considered  it  as  a compound  of 
sulphur  and  hydrogen. 

Messrs.  Clement  and  Desormes,  some  years 
after,  obtained  the  same  liquid  by  passing  the 
vapour  of  sulphur  over  well  dried  charcoal 
ignited  in  a porcelain  tube,  and  from  the  result 
of  many  experiments,  they  considered  this  fluid 
as  a compound  of  two  thirds  sulphur,  and  one 
third  charcoal,  whence  they  termed  it  Carhu^ 
retted  Sulphur,  and  denied  the  existence  of  hy- 
drogen as  a constituent  part. 

Afterwards  M.  Amedee  Berthollet,  in  a very 
elaborate  and  skilful  series  of  experiments  on  this 
fluid,  was  led  to  conclude  that  it  contained  no 
charcoal  whatever,  but  was  produced  by  the 
union  of  sulphur  and  hydrogen  in  variable  pro- 
portions. 

Some  experiments  made  by  M.  Vauquelin  on 
the  same  substance  have  led  this  eminent  che- 
mist to  a similar  conclusion  with  that  of  Messrs. 
Clement  and  Desormes.  Lastly,  M.  Cluzel  in. 
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a very  elaborate  memoir,  read  at  the  Institute 
in  December  1811,  has  considered  this  liquor 
as  a quadruple  compound  of  charcoal,  hydro- 
gen, azote,  and  about  half  its  weight  of  the 
Jiadkal  of  Sulphur,  considering  sulphur  itself 
as  a protoxyd  of  this  unknown  radical. 

We  shall  give  a short  account  of  the  experi- 
mental part  only  of  these  different  enquiries. 

The  different  processes  for  obtaining  the  alco- 
hol of  sulphur  are  the  following. 

Lampadius  procured  it  accidentally  by  distil- 
ling together  pyritous  peat,  and  pyrites  with 
charcoal. 

Clement  and  Desormes  give  the  following 
process.* 

This  substance  is  obtained  by  passing  sulphur 
through  a porcelain  tube  heated  to  redness, 
which  is  filled  with  charcoal,  partly  in  powder, 
and  partly  in  lumps,  and  previously  heated.  The 
charcoal  should  be  heaped  pretty  close. 

The  apparatus  used,  was  the  porcelain  tube 
holding  the  charcoal  and  placed  a little  slanting 
across  the  furnace.  To  the  upper  end  of  the 
porcelain  tube,  a long  and  wide  glass  tube  is 
cemented,  holding  a series  of  small  cylinders  of 
sulphur,  which  can  be  successively  pushed  for- 
wards into  the  other  tube  by  an  iron  pin  which 
passes  through  the  cork  that  shuts  the  upper  end 
of  the  glass  tube.  To  the  lower  end  of  the 
porcelain  tube  is  fitted  a glass  adopter  terminated 
by  a bent  tube,  dipping  in  a tubulated  bottle 
of  water,  which  also  communicates  with  the 
pneumatic  trough. 

The  charcoal  should  be  first  strongly  Ignited 
till  all  the  gas  which  it  spontaneously  yields  is 
given  off,  then  the  bits  of  sulphur  should  be 
gradually  pushed  down,  and  by  their  action  upon 
the  heated  charcoal,  a yellowish  oily  limpid  fluid 
condenses  in  the  adopter.  As  the  process  con- 
tinues, and  the  adopter  becomes  heated,  the 
fluid  is  partly  volatilized,  but  is  again  caught  in 
the  further  bottle  at  the  bottom  of  the  water, 
where  it  collects  in  globules.  Some  care  is  re- 
quired not  to  push  on  the  sulphur  too  hastily, 
otherwise  much  of  it  passes  through  unchanged, 
and  is  apt  to  block  up,  and  sometimes  to  break 
the  tube  of  the  glass  adopter.  No  gas  whatever 
escapes  whilst  the  alcohol  of  sulphur  is  form- 
ing, except  the  expanded  air  of  the  apparatus. 
The  alcohol  of  sulphur  maybe  obtained,  though 
with  difficulty,  by  heating  together  charcoal  and 
sulphuret  of  antimony. 

The  directions  given  by  Vauquelin'’  for  the 
preparation  of  the  liquid,  differ  but  little  from 
the  former.  The  bottle  that  receives  the  fluid 
» Ann.  Chim.  tom.  42.  p.  JSC.  Ajin  Clum. 


should  be  connected  with  another  bottle,  and 
surrounded  with  snow  or  bits  of  ice  to  keep  the 
water  quite  cool,  as  the  alcohol  of  sulphur  is 
very  volatile.  It  is  of  use  also  to  cut  a notch 
at  the  bottom  of  the  tube  that  dips  in  the  water 
of  the  first  bottle,  to  serve  as  a tube  of  safety 
to  prevent  the  hot  porcelain  tube  from  cracking 
by  any  regurgitation  of  water  into  it.  By  using 
two  bottles,  and  keeping  the  furthest  at  .a 
freezing  temperature,  all  the  alcohol  of  sul- 
phur is  condensed.  In  the  operation  the  por- 
celain tube  should  be  kept  white  hot,  and  the 
sulphur  added  very  gradually.  If  too  much  of 
it  passes  at  once,  a portion  of  it  unites-with  the 
condensed  alcohol  of  sulphur,  giving  it  more 
colour  and  density,  and  rendering  it  partially 
concrescible  when  it  touches  the  water.  As 
soon  as  the  sulphur  begins  to  act  on  the  char- 
coal, a large  quantity  of  sulphuretted  hydrogen 
is  disengaged,  but  this  ceases  almost  entirely  as 
soon  as  the  alcohol  of  sulphur  condenses. 

M.  Amedee  Berthollet'  prepares  the  alcohol 
of  sulphur  nearly  in  the  same  way  as  that  last 
mentioned.  The  tube  in  which  the  mixture  is 
made  is  of  glass,  and  about  40  inches  long ; It  is 
laid  a little  inclined  across  a furnace,  the  lower 
end  projecting  from  the  sides  of  the  furnace 
only  about  4 inches,  and  the  upper  end  about 
20  inches.  The  part  inclosed  within  the  fur- 
nace is  covered  with  a very  refractory  fire-lute. 
The  upper  end  is  filled  with  flowers  of  sulphur,, 
and  then  sealed  hermetically.  The  middle  » 
filled  with  charcoal ; and  the  lower  end  Is 
cemented  to  an  adopter  fitting  into  a small  tu- 
bulated receiver,  which  communicates  by  a tube 
with  a double  tubulated  bottle  half  filled  with 
water,  one  tube  of  which  conveys  the  gas  after 
passing  through  the  water  of  the  bottle  into  the 
pneumatic  trough.  The  charcoal  in  the  tube  is 
then  intensely  heated,  after  which  the  sulphur 
is  melted  gradually  so  as  to  flow  down  into  the 
charcoal . 

As  soon  as  the  sulphur  and  charcoal  are  In 
contact  with  each  other,  a copious  disengage- 
ment of  gas  takes  place,  and  at  the  same  time 
the  adopter  becomes  filled  with  white  vapours,, 
which  condense  into  the  yellowish  limpid  liquid, 
which  is  the  alcohol  of  sulphur.  When  the  ob- 
ject of  the  experiment  is  only  to  form,  this  alco- 
hol, the  charcoal  should  be  kept  only  at  a cherry- 
red,  and  the  influx  of  sulphur  should  be  very 
slow.  The  production  of  the’  alcohol  of  sulphur 
ceases  spontaneously  after  a time,  unless  the- 
heat  is  raised  very  intensely,  when  the  flow  o£ 
the  liquid  is  renewed. 
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The  c.h.m'o?,!  should  have  been  previously 
heated  red-hot  in  a crucible  for  half  an  hour, 
to  expell  all  the  gasses  which  it  usually  gives 
out  on  the  first  impression  of  the  fire. 

M.  Cluzel''  in  his  very  elaborate  memoir  on 
this  subst;nce,  finds  that  it  may  be  easily  pre- 
pared by  mixing  pyrites  pulverized  and  heated 
to  expell  all  the  moisture,  with  twice  its  weight 
of  charcoal,  previously  calcined  by  itself  in  a 
close  vessel  for  a considerable  time,  putting 
the  mixture  in  an  earthen  retort,  and  heating 
it  very  intensely,  an-d  receiving  the  product  in 
ti'ater  cooled  by  ice  externally. 

The  physical  and  chemical  properties  of  the 
alcohol  of  sulphur  are  the  following.  It  is  a 
limpid  fluid  either  colourless  or  with  a slight 
tinge  of  green  or  yellow,  which  may  be  entirely 
removed  by  redistillation:  its  specific  gravity  is 
lo.  water  being  10.  Its  smell  is  very  strong, 
fetid,  sulphureous,  and  pungent;  its  taste  is 
very  sharp  and  cool.  When  exposed  to  the 
air  it  evaporates  full  as  soon  as  rectified  ether, 
and  produces  a more  intense  cold.  It  kindles 
readily  when  brought  near  any  burning  body, 
and  gives  a large  white  flame  yellowish  at  last, 
and  spreads  a suffocating  smell  of  sulphureous 
acid,  and  its  vapour  during  combustion  deposits 
on  the  adjacent  bodies  a yellow  substance 
exactly  resembling  sulphur.  It  leaves  a black 
residue,  combustible  and  resembling  charcoal. 

The  water  in  which  the  alcohol  is  condensed 
during  its  preparation,  seems  to  hold  a very 
small  portion  of  it  in  solution  sufficient  to 
retain  the  peculiar  smell,  and  the  property  of 
precipitating  several  metallic  solutions;  those 
of  lead  giving  an  orange  yellow  precipitate, 
those  of  corrosive  sublimate,  a white,  and  those 
of  tin,  brick  red  : it  does  not  redden  litmus. 
Ammonia  dissolves  it  with  some  ease  and 
becomes  of  a yellow  colour,  which  it  gives  to 
all  metallic  precipitates  made  with  this  alkali 
thus  altered.  If  some  of  the  alcohol  of  sulphur 
is' put  in  a vessel  of  water  and  the  vessel  is  put 
in  an  air  pump,  when  part  of  the  atmospherical 
pressure  is  removed,  the  alcohol  assumes  the 
form  of  gas ‘ Which  rises  through  the  body  of 
the  water  in  large  bubbles,  and  if  the  pressure 
is  restored  they  immediately  condense  again 
on  the  water,  and  fall  to  the  bottom  unmixed 
with  It. 

If  a little  alcohol  of  sulphur  is  passed  up  a 
barometer  that  stands  at  30  Inches  the  mercury 
immediately  falls  to  10. G inches,  at  55°.  therm, 
so  that  this  fluid  could  not  exist  in  any  but  a 
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gasscous  ■state  at  a pressure  of  no  more  than 
about  10.4  inches. 

Alcohol  of  sulphur  is  not  altered  by  passing 
througit  a red-hot  tube,  but  its  heated  vapour 
bums  whh  ease  in  common  air  when  kindled. 
On  the  other  hand  oxygen  holding  the  vapour 
of  this  fluid  in  solution,  detonates  with  extreme 
violence. 

Nitrous  gas  impregnated  with  the  vapour  of 
this  fluid  burns  with  uncommon  splendour 
equal  to  zinc.  Alcohol  of  sulphur  will  dissolve 
a little  more  sulphur  without  much  appasent 
change,  except  in  colour,  which  is  rendered 
yellower. 

When  alcohol  of  sulphur  is  heated  with  a 
solution  of  fixed  alkali  confined  in  a strong 
vessel  to  prevent  the  escape  of  the  alcoliol,  it 
entirely  dissolves  in  the  alkali,  except  a little 
charcoal,  and  a deep  amber  coloured  liquid 
results,  which  gradually  becomes  a solution  of 
sulphuretted  hvdrogen. 

The  nitric,  muriatic,  and  sulphuric  acids 
have  no  action  on  it  in  the  cold.  When  heated, 
nitric  acid  partly  decomposes  it.  Sulphureous 
acid  gas  and  alcohol  of  sulphur  heated  together, 
only  produce  a mixed  gas.  Oxymurlatic  acid 
slowly  decomposes  alcohol  of  sulphur.  It  dis-. 
solves  easily  in  warm  olive  oil,  some  charcoal 
is  deposited,  and  the  mixture  crystallines  spee- 
dily and  regularly.  Alcohol  added  to  alcohol 
of  sulphur  immediately  resolves  it  into  two 
portion.^,  one  of  which  is  a perfect  solution  and 
is  precipitable  by  water.  Ether  also  causes  one 
portion  to  crystallize  immediately  and  dissolves 
the  rest. 

Much  difference  of  opinion  exists  on  the 
composition  of  alcohol  of  sulphur.  Messrs. 
Clement  and  Desormes  consider  it  as  a simple 
combination  of  sul^-hur  and  charcoal,  aii3  as 
they  find  no  sulphuretted  hydrogen,  they  con- 
sider it  as  a proof  of  the  absence  of  hydrogen 
altogether.  The  absence  of  sulphuretted  hy- 
drogen they  consider  as  proved  by  the  total 
condensation  of  the  alcohol  of  sulphur,  w'hen 
after  having  been  vaporized  through  water  by 
abstracting  three  fourths  of  the  pressure  of  the 
air,  this  pressure  is  again  restored.  Sulphu- 
retted hydrogen  under  similar  circumstances 
would  be  dissolved  In  the  water  through  which 
it  is  vaporized,  and  water  thus  saturated  would 
give  up  very  little  of  the  gas  under  such  a 
diminished  pressure. 

Another  proof  of  the  absence  of  sulphuretted 
hydrogen  is  this:  if  a little  of  tlie  alcohol  of 
»m.  83  and  84. 
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sulphur  is  put  Into  a vessel  containing  a solution 
of  acetited  lead  and  part  of  the  atmospherical 
pressure  is  removed,  the  alcohol  of  sulphur  is 
vaporized  through  tliis  solution  without  black- 
ening it.  If  the  alcohol  is  long  shaken  with 
the  solution  it  llnally  becomes  brown  but  not 
black. 

M.  A.  Berthollet  on  the  other  hand  considers 
this  singular  substance  as  a compound  of  hy- 
drogen and  sulphur  only.  He  observes  that 
no  residue  is  left  on  burning  it  in  the  open  air, 
but  if  the  combusiion  is  stopped,  no  other 
solid  appears  than  pure  sulphur.  He  con- 
siders the  existence  of  hydrogen  in  this  liquid 
as  suiTiciently  proved,  by  the  water  through 
w'hich  it  is  vaporized  acquiring  all  the  proper- 
ties of  sulphuretted  hydrogen.  He  is  unable 
to  detect  any  diarcoal  in  the  residue  that  is 
left  after  the  spontaneous  evaporation  of  all 
the  volatile  part  of  this  liquid,  but  asserts  that 
it  is  mere  sulphur  which  may  be  totally  sub- 
limed. He  observes  that  this  substance  when 
gassified  and  mixed  with  oxygen  gas,  detonates 
most  violently  so  as  to  break  very  thick  glass 
vessels  -,  but  by  employing  a very  small  quan- 
tity and  detonating  over  lime-water,  no  pre- 
cipitate is  produced.  Further,  if  some  of  the 
liquid  is  digested  with  oxymuriatic  acid,  the 
latter  loses  its  smell ; and  if  fresh  quantities 
of  the  acid  are  successively  added,  a solid 
residue  is  finally  left,  which  has  the  colour 
and  consistence  of  sulphur,  but  in  which  no 
charcoal  can  be  discovered.  Neither  is  any 
charcoal  removed  by  the  oxymuriatic  acid,  for 
no  carbonic  acid  is  generated  by  its  action. 

He  likewise  observes  that  a solution  of  potash 
shaken  with  a little  of  the  alcohol  of  sulphur 
finally  becomes  a hydro-sulphuret  of  potash, 
with  an  excess  of  sulphur,  but  no  charcoal  nor 
carbonic  acid  appears.  When  alcohol  of  sul- 
phur is  distilled  with  water  at  a heat  of  86°  to 
96°  Fahr.  and  in  an  apparatus  quite  free  from 
air,  the  first  product  is  a gas  exactly  similar  to 
tliat  produced  by  the  spontaneous  evaporation 
of  the  liquid,  which  has  the  smell  of  sulphu- 
retted hydrogen,  burns  blue  in  the  air,  detonates 
strongly  with  oxygen,  is  speedily  absorbed  by 
water,  rendering  it  milky  by  the  deposition  of 
sulphur,  and  produces  a solution  resembling 
entirely  that  of  sulphuretted  hydrogen.  After 
this  gas  has  passed  away  a transparent  colour- 
less fluid  comes  over,  which  swims  in  drops 
on  the  surface  of  the  water.  If  the  heat  is 
raised  to  112°.  and  kept  up  for  some  time,  all 
that  remains  of  the  alcohol  of  sulphur  is  a mass 


that  crystallizes  on  cooling,  and  may  finally 
be  sublimed  like  sulphur. 

Several  apparent  varieties  of  the  alcohol  of 
sulphur  are  found  according  to  the  rapidity 
with  which  the  sulphur  is  sent  through  the  hot 
charcoal ; all  these  the  author  considers  as 
different  combinations  of  sulphur  and  hydro- 
gen in  various  proportions. 

Besides  the  gas  and  the  liquid  alcohol  of 
sulphur  obtained  in  the  process  of  subliming 
sulphur  through  hot  charcoal,  a good  deal  of 
the  sulphur  frequently  passes  through,  and 
congeals  on  cooling.  This  sulphur  M.  A. 
Berthollet  observes  differs  from  common  sul- 
phur which  has  been  merely  melted,  being 
lamellar,  light,  puffy,  of  a golden  yellow,  and 
when  again  fused  giving  out  sulphuretted  hy- 
drogen gas,  and  containing  no  charcoal.  Tills' 
therefore  he  considers  as  a So/iU  Ifi/dro- 
guretled  Sulphur.  In  this  respect  it  resembles 
the  precipitated  sulphur  produced  by  the  action 
of  an  acid  on  a solution  of  an  alkaline  sulphuret. 

The  sou  ce  of  the  hydrogen  in  the  formation 
of  this  liquid  the  author  attributes  to  the 
Charcou/,  which  though  previqusly  heated  per 
se  most  intensely,  is  still  able  to  furnish  hydro- 
,gen  -to  the  sulphur  sublimed  through  it.  The 
charcoal  also  retains  a portion  of  the  sulphur 
after  the  operation  j so  that  the  author’s  opinion 
is  that  charcoal  consists  of  pure  carbon  and  hy- 
drogen ; and  the  sulphur  coming  in  contact  with 
it  at  a high  temperature  decomposes  it,  the 
greater  part  of  the  sulphur  carryingolf  the  hydro- 
gen and  condensing  into  the  alcohol  of  sulphur, 
the  sulphuretted  hydrogen,  and  the  solid  hydro- 
guretted  sulphur  that  are  produced;  and  a 
small  portion  of  the  sulphur  remaining  com- 
bined with  the  charcoal.  The  author  also 
admits  in  order  to  account  for  the  evident 
erosion  of  the  charcoal,  that  the  gas  obtained 
from  the  solid  product  of  the  distillation,  con- 
tains a portion  of  charcoal  which  is  made 
manifest  by  combustion. 

A very  elaborate  analysis  of  this  singular 
liquid  is  given  by  M.  Cluzel,'  some  of  the 
particulars  of  which  we  shall  relate.  'I'he 
mode  of  preparing  it  has  been  already  mentioned. 
The  liquors  obtained  by  several  successive  ope- 
rations were  all  united  and  rectified  by  a second 
distillation,  which  appears  to  make  some  slight 
alteration  in  some  of  its  properties.  This 
rectified  alcohol  of  sulphur  is  totally  and  largely 
soluble  in  common  alcohol,  and  the  solution 
when  dropped  into  water,  at  first  renders  it 
milky,  but  a large  excess  of  water  redissolyes 
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riie  precipitated  portion,  in  which  respect  it 
resembles  a solution  of  essential  oil  in  alcohol ; 
and  which  also  proves  that  the  precipitate 
which  renders  the  water  milky  is  not  sulphur. 

M.  Cluzel  employed  the  same  method  for 
the  analysis  of  this  liquid  which  was  originally 
used  by  Dr.  Priestley  for  the  analysis  of  spirit 
of  wine,  namely,  by  passing  it  in  vapour  over 
heated  copper.  Copper  ware  was  introduced 
into  a glass  tube,  with  a small  retort  containing 
the  alcohol  of  sulphur  at  one  end,  and  an 
adopter  and  tubulated  matrass  at  the  other. 
The  liquid  was  gradually  vaporized  over  the 
heated  copper.  No  gas  was  produced,  and 
only  a portion  of  tlie  liquid  was  decomposed, 
the  remainder  condensing  on  the  other  ex- 
tremity of  the  apparatus,  but  somewhat  altered 
in  appearance,  being  of  a rose-colour,  very 
acrid  and  volatile.  The  copper  when  with- 
drawn was  become  brittle  and  covered  with  a 
black  matter  resembling  charcoal.  By  further 
analysis  it  was  found  to  be  a sulphuret  of 
copper  mixed  with  charcoal.  The  copper 
encreased  from  to  f in  weight  in  the  dilFerent 
experiments,  and  the  copper,  sulphur,  charcoal, 
and  undecomposed  liquid  together  made  up 
the  sum  of  the  weights  of  the  alcohol  of  sulphur 
and  copper  employed,  within  about  j-V^h.  of  the 
whole. 

The  author  substituted  iron  for  copper  with 
the  hope  of  decomposing  the  whole  of  the 
alcohol  of  sulphur,  but  without  success,  a 
considerable  portion  of  the  liquid  being  con- 
densed on  the  other  side  of  the  apparatus  into 
the  rose-coloured  fluid  already  mentioned.  He 
then  endeavoured  to  analyze  the  liquid  by 
combustion  with  oxygen  gas  in  Volta’s  eudio- 
meter, which  would  furnish  sulphuric  or  sul- 
phureous acid, 'carbonic  acid,  and  water,  in  case 
the  liquid  was  a hydro-carburetted  sulphur. 

M.  Cluzel  gives  a new  and  very  useful 
method  of  separating  dry  sulphureous  and  car- 
bonic acid  gasses  ; it  is  simply  by  the  addition 
of  a few  bits  of  borax,  which  in  less  than  an 
hour  totally  absorbs  the  sulphureous  acid  gas 
and  leaves  the  carbonic  acid  untouched.  The 
gassified  alcohol  of  sulphur  was  then  detonated 
with  oxygen,  and  the  results  w’ere  sulphureous 
acid,  carbonic  acid,  and  a little  water.  We 
shall  not  follow  the  very  complicated  calcu- 
lations required  to  deduce  just  inferences  from 
tltis  experiment,  which  was  several  times  and 
very  carefully  repeated.  But  the  author  de- 
duces from  these  the  singular  result,  that  the. 
charcoal  and  sulphur  if  estimated  from  the 


allowed  proportions  in  the  carbonic  acid,  and 
sulphureous  acid  produced,  would  when  added 
to  the  hydrogen  of  the  water  sensibly  exceed 
the  weight  of  the  alcohol  of  sulphur  employed. 
Hence  he  Is  led  to  infer  that  either  sulphur  or 
charcoal  or  perhaps  both,  in  the  state  in  which 
we  know  them,  must  be  compound  bodies, 
probably  oxyds,  and  that  they  exist  in  their 
simple  state  in  the  alcohol  of  sulphur  here 
examined.  Besides  radical  sulphur,  radical 
carbon  and  hydrogen,  M.  Cluzel  finds  a small 
quantity  of  azote  In  this  liquid ; and  he  also 
finds  some  difference  in  the  relative  proportions 
of  these  substances  in  the  alcohol  of  sulphur, 
and  the  I'ose-coloured  liquid  above  mentioned. 

Experiments  on  the  analysis  of  this  singular 
liquid  by  means  of  copper,  have  been  made  by 
M.  Vauquelln,^  in  illustration  of  those  of  M. 
Cluzel. 

On  55  grammes  of  copper  made  red  hot  in 
a porcelain  tube,  were  passed  23.135  gr.  of  the 
alcohol  of  sulphur  reduced  to  vapour:  4.5  gr. 
of  the  liquid  escaped  decomposition,  and  was 
condensed  in  a bottle  surrounded  with  Ice ; 
and  about  half  a litre  of  gas  was  disengaged, 
which  was  only  the  air  of  the  apparatus  satu- 
rated with  the  gassified  liquid,  as  it  burned 
with  a blue  flame,  and  the  residue  of  the  com- 
bustion precipitated  lime-water  in  flocculi,  had 
the  odour  of  sulphureous  acid,  but  did  not 
blacken  acetite  of  lead,  and  therefore  contained 
no  sulphuretted  hydrogen.  After  the  experi- 
ment the  copper  was  found  entirely  sulphuretted, 
and  of  a brilliant  black  colour,  but  quite  homo- 
geneous. Its  weight  was  72  gr.  and  therefore 
the  copper  had  encreased  17  gr.  in  weight, 
which  added  to  the  4.5  gr.  of  undecomposed 
liquid,  leaves  1.6  gr.  for  the  quantity  of  the 
liquid  wafted  away  in  gas  in  the  air  of  the 
apparatus.  The  4.5  of  undecoinposed  liquid 
was  then  passed  over  20  gr,  of  fresh  copper, 
and  this  time  no  gas  whatever  was  produced, 
so  that  the  whole  4.5  remained  in  union  with 
the  copper.  Hence  it  is  inferred  that  if  the 
copper  is  in  sufficient  quantity  and  the  liquid 
be  slowly  vaporized  through  it,  the  whole  would 
remain  In  union  with  the  copper : and  therefore 
an  analysis  of  the  black  sulphuret  remaining 
after  the  operation  is  sufficient  to  discover  all 
the  contents  of  the  decomposed  alcohol  of 
sulphur.  10.  grammes  of  the  black  sulphuret 
of  copper  were  heated  with  nitric  acid,  which 
separated  the  metal,  leaving  1.51  of  a light 
black  substance.  The  latter  was  then  sub- 
limed in  a vessel  filled  with  carbonic  acid  to 
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prevent  combustion,,  and  yielded  flowers  of 
sulphur,  leaving  behind  .34  of  a black  substance, 
which  burnt  like  charcoal  without  any  sul- 
phureous smell,  and  left  only  a minute  residue 
of  copper. 

The  nitrous  gas  arising  from  the  decom- 
position of  the  black  sulphuret  by  the  nitric 
acid,  was  found  to  contain  no  carbonic  acid,  as 
it  did  not  render  barytic  water  turbid.  The 
sulphur  sublimed  from  the  black  mass  was 
collected,  and  that  converted  into  sulphuric 
acid  during  the  nitrous  solution,  was  estimated 
by  means  of  a barytic  solution,  and  the  quan- 
titv  of  sulphur  thus  obtained  (allowing  41  per 
cent,  of  sulphur  in  sulphuric  acid,  and  34  per 
cent,  of  acid  in  sulphat  of  barytes)  together 
with  that  of  the  charcoal  actually  procured, 
was  almost  e.xactly  equal  to  the  encrease  of 
weight  acquired  by  the  copper  in  the  first 
experiment.  This  slight  difference  of  weight 
is  so  small  as  to  be  easily  accounted  for  by  the 
necessary  loss  in  these  operations,  so  that  M. 
Vauquelin  considers  the  alcohol  of  sulphur  as 
containing  no  hydrogen,,  but  as  consisting 
merely  of  about  14  or  la  of  charcoal,  and  85 
to  86  of  sulphur. 

The  rose-coloured  liquid  obtained  by  M. 
Cluzel  gave  results  almost  exactly  the  same. 

Therefore  if  this  analysis  be  correct,  it  ap- 
pears that  this  substance  is  accurately  termed 
JJquid  Carburelted-  Sulphur,  that  it  contains 
probably  no  hydrogen,  and  no  azote,  but  con- 
sists of  six  parts  by  weight  of  sulphur  to  one 
of  charcoal. 

A very  valuable  series  of  experiments-  on  this 
singular  liquid,  the  result  of  the  united  labours 
of  Professor  Berzelius  and  Dr.  Mareet,  together 
with  experiments  on  the  production  of  cold  by 
Its  evaporation,  by  Dr.  Mareet,  . have  lately  been 
published,  from  which  we  shall  extract  the  fol- 
lowing particulars,  omitting  chiefly  those  cir- 
cumstances in  which  the  observations  of  these 
eminent  chemists  confirm  those  of  their  prede- 
cessors in  this  enquiry.^ 

This  liquid  was  prepared  by  slowly  volatilizing 
sulphur  through  red-hot  charcoal  in  a porcelain 
tube,  and  condensing  the  product  in  water. 
The  fluid  thus  procured  is  at  first  of  a pale  ycl-- 
low  colour,  and  must  be  rectified  by  a second 
distillation. 

Dr.  Mareet  advises  the  employment  of  a large- 
earthen  tube  about  one  inch  and  a half  in  dia- 
meter, instead  of  the  small  porcelain  tubes  com- 
monly employed.  The  process  is  always  tedious, 
but  with  the  large  tube  about  half  a pint  of  the 
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liquor  may  be  procured  m the  course  of  a day^.- 
The  same  tube  can  hardly  ever  be  used  twice. 
Fresh  sulphur  may  be  successively  introduced 
whilst  the  distillation  is  going  on,  and  without 
renewing  the  charcoal,  as  the  occasional  admis- 
sion of  air  does  not  materially  affect  the  process. 

To  rectify  the  liquid  it  must  be  distilled  in  a 
heat  not  exceeding  100'^  or  110°,  and  to  prevent 
any  moisture  from  rising,  some  muriat  of  lime 
may  also  be  put  into  the  retort.  The  liquid 
must  be  condensed  in  a receiver  cooled  with  ice. 
Some  sulphur  remains  in  the  retort.  The  spe- 
cific gravity  of  the  rectified  liquid  is  1.272;  its 
expansive  force  at  30  in.  bar  and  53.5°.  therm, 
is  equal  to  the  pressure  of  7.36  inches  of  mer- 
cury, so  that  air  to  which  it  is  admitted  will 
dilate  about  one  fourih  of  its  volume.  It  boils 
briskly  at  105°.  to  110°.  It  does  not  congeal  at 
60°.  below  0.  It  burns  with  a bluish  flame,  but 
without  the  deposition  of  any  moisture. 

The  volatility  of  this  liquid  is  very  remarkable, 
being  superior  to  that  of  ether,  and  hence  it  pro- 
duces a greater  degree  of  cold  by  evaporation 
than  any  other'  known  fluid,  as  will  be  soon 
noticed. 

This  carburetted  sulphur  readily  dissolves  in 
•alcohol  and  ether,  and  if  it  contain  sulphur  in 
solution,  the  latter  is  rapidly  separated  in  spi- 
cular  crystals.  It  readily  mixes  with  and  dis- 
solves all  oils  pud  camphor.  Neither  mercury 
nor  silver  nor  lead  are  at  all  altered  by  this  liquid, 
prervided  it  has  been  carefully  rectified,  to  ex- 
clude the  sulphur  which  it  holds  merely  in  solu- 
tion when  fir.st  prepared.  The  alkalies  dissolve 
this  liquid  slowly,  but  totally. 

The  first  set  of  experiments  on  the  composi- 
tion of  this  carburetted  sulphur  here  described, 
have  for  their  object  to  determine  whether  it 
contains  any  hydrogen.  Some  of  the  liquid 
was  suffered  to  evaporate  in  oxygen  gas  of 
known  purity,  and  previously  dried  by  muriat  of 
lime.  This!  vapour-holding  oxygen  was  ex- 
ploded by  the  electric  spark  which  acted  vividly,, 
and  4-  to  -j-  of  its  volume  disappeared,  at  the  same 
time  that  traces  of  a condensed  fluid  appeared 
in  the  vessel,  which  soon  produced  as  many 
white  specks  of  sulphat  of  mercury.  'I  his  ex- 
periment not  being  decisive,  another  mode  was 
tried.  Some  dried  oxymuriatic  gas  was  passed 
through  some  of  this  hquid,  and  afterwards 
through  water.  The  liquid  absorbed  the  gas 
readily  and  abundantly,  and  acquired  an  orange- 
hue,  and  a very  peculiar  smell.  The  water  in» 
which  most  of  the  liquid  was  condensed,  con- 
tained a little  muriatic  and  a vestige  of  sulphuric 
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acul.  Blit  the  greater  part  of  the  liquid  re- 
mained unchanged  after  the  absorption  of  the 
oxygen.  In  some  days  however  it  gradually 
acquired  rhe  smell  of  muriated  sulphur. 

Some  of  the  liquid  was  passed  in  vapour 
through  fused  muriat  of  silver  at  a low  red  heat, 
but  no  change  whatever  appeared  to  take  place 
in  either  substance.  Hence  they  infer  that  the 
liquid  contained  no  hydrogen,  since  if  it  had,  the 
muriat  of  silver  would  have  been  decomposed, 
the  hydrogen  would  have  formed  water  with 
the  oxygen  of  the  muriat,  and  this  would  have 
united  with  a portion  of  the  muriatic  acid,  and 
expelled  it  in  the  form  of  muriatic  acid  gas, 
with  production  of  sulphuret  of  silver. 

Various  metallic  oxyds,  such  as  red  oxyd  of 
iron,  oxyd  of  manganese,  and  oxyd  of  tin  were 
ignited,  and  caused  to  receive  in  that  state  the 
vapour  of  the  liquid,  which  was  thus  entirely 
decomposed,  the  metallic  oxyds  being  converted 
to  sulphurets,  and  the  gasses  acquiring  a strong 
smell  of  sulphureous  acid,  but  in  none  of  these 
cases  was  any  w'ater  produced. 

From  all  these  experiments,  these  chemists 
conclude  that  the  carburetted  sulphur  contains 
no  liydrogen. 

The  presence  of  carbon  was  the  next  point 
to  be  ascertained.  For  this  purpose  the  gasseous 
residue  of  the  combustion  of  the  vapour  of  the 
liquid  with  oxygen  gas  was  put  in  contact  with 
water,  and  most  of  it  absorbed,  giving  the  water 
the  taste  and  smell  of  sulphureous  acid.  Lime 
water  absorbed  part  of  the  remainder,  producing 
carbonate  of  lime ; and  the  unabsorbed  portion 
was  detonated  with  fresh  oxvgen,  and  then  pro- 
duced a second  precipitate  with  lime-water. 
This  latter  portion  therefore  was  a gas  that 
wanted  more  oxygen  to  become  carbonic  acid, 
or  Carbonic  Oxjdy  and  the  two  other  portions 
were  carbonic  acid  and  sulphureous  acid  gas. 

In  attempting  to  fix  the  proportions  of  sul- 
phur and  carbon  in  this  singular  liquid,  very 
considerable  difficulties  occurred,  owing  to  its 
extreme  volatility,  and  the  imperfect  action 
which  the  common  modes  of  decomposition 
-^appeared  to  produce. 

The  method  that  succeeded  the  best  was  the 
following.  A coated  glass  tube  was  laid  in  a 
sloping  direction  through  a small  furnace  ; to 
rhe  upper  end  of  the  tube  a small  glass  capsule 
containing  some  of  the  liquid  was  hermetically 
sealed ; and  to  the  lower,  was  fixed  another 
srr.all  glass  tube  expanded  in  the  middle  and 
bent  at  the  further  end  to  convey  any  gas  to  the 
mercurial  trough.  The  larger  tube,  which  was 
laid  across  the  furnace,  was  filled  with  red  oxyd 


of  iron  coarsely  pulverized,  and  the  bulbous  ex- 
pansion of  the  lower  tube  was  kept  surrounded 
with  ice  and  salt.  The  larger  tube  being  made 
red-hot,  and  the  upper  capsule  containing  a 
weighed  quantity  of  the  liquid  carburetted  sul- 
phur, the  latter  was  hea’ed  very  gently  by  a lamp 
placed  near  (but  not  beneath)  it,  and  its  vapour 
was  made  to  pass  slowly  through  the  red-hot 
oxyd  of  iron.  The  process  was  so  gradual,  that 
it  required  six  hours  and  a half  to  volatilize  and 
decompose  about  15  grains  of  the  oil.  Some 
previous  trials  had  failed  from  hastening  the 
process. 

In  this  way  the  decomposition  was  so  perfect 
that  not  a pa'-ticle  the  liquid  sulphuret  was 
condensed  at  the  lo  /er  end  of  the  apparatus, 
but  the  oxyd  of  iron  (weighin?  ten  times  the 
liquid  used)  was  partly  converted  to  sulphuret 
of  iron,  having  a yellow  colour  and  a brilliant 
meta'lic  lustre.  This  sulphuret  was  dissolved 
(and  we  presume  totally  oxygenated)  by  nitro- 
mu'iatic  acid,  the  oxyd  of  iron  separated  by 
ammonia,  and  the  sulph  uric  acid  gener,.ted  from 
the  sulphur  was  combined  with  ba-wt^s  by 
adding  muriatic  acid  and  muriat  of  barytes,  and 
the  sulphat  of  barytes  wished,  ignited  and 
weighed.  The  m’xed  gas  produced  in  the  pro- 
cess was  exposed  for  about  an  hour  to  the  action 
of  a small  quantity  of  bru  .v  ' oxyd  of  lead  en- 
closed in  a capsu'e,  and  pa  --.ed  up  through  the 
mercury  into  the  jar  containing  the  gas.  By 
this  means  all  the  sulphureous  acul  was  ab- 
sorbed, after  which  the  c irbcnic  acid  was  taken 
up  by  dry  c^ustT  potash,  and  no  other  residue 
M'^as  left  t.han  a little  common  air  of  the  vessels. 

In  the  above  analysis  therefore  the  sulphur 
originally  co’itatncd  in  the  liquid  sulphuret  of 
c rbon  was  prorur'’d  par.Iy  in  the  form  of  sulphat 
of  barytes,  and  p inly  as  sulphureous  acid  gas. 
The  carbon  also  w ’s  obtain  *d  in  the  form  of  car- 
bonic acid  gus,  and  the  sulphu  ’am;  carbon  added 
together  ai  te  ir1y  equal  Ici!  the  weight  of  the  liquid 
decomposed  as  can  be  ever  expected  in  experi- 
ments of  thi.s  kind.  The  carbon  weighs  15.7 
per  cent,  of  the  hqu  d and  the  sulphu’’  84.Sii. 

The  data  of  these  computation®  assumed  by 
Pro-ffissc.r  Berzelius  are,  that  100.  parts  by 
weight  of  carbonic  acid  contain  27.  of  carbon: 
tliat  iOO  pari  of  sulphat  of  barytes  contain 
lo’.Go  of  sulphur,  aii'l  that  100  parts  of  sul- 
phureous acid  r.as  contain  .51  of  sulpl^ur. 

Profe  sor  Be  zelius  proceeds  to  shew  how 
c'ostly  this  a’^ab  jis  coincide®  with  the  law'  of 
the  conabin.itioa 'o  combu®tibir  b.ases,  which  he 
ha.s  laid  down  in  ■ h valuable  and  elaborate  re- 
searches (for  which  see  the  article  Ajfinily  in 
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in  this  appendix)  which  law  is,  that  when  tw'O' 
“ such  bodies  unite,  the  proportion  in  which 
“ this  combination  takes  place  is  such,  that  if 
they  be  oxydated  to  a certain  degree,  they 
will  either  absorb  an  equal  quantity'of  oxygen, 
“ or  one  will  absorb  two,  three,  four,  &c.  times 
“ as  much  as  the  other.”  In  the  present  in- 
stance the  oxygen  which  would  convert  the 
sulphur  to  sulphureous  acid  would  be  exactly 
twice  the  quantity  required  to  convert  the  car- 
bon to  carbonic  acid,  provided  a slight  change 
were  made  in  the  above  mentioned  numbers 
exp’-^ssiiig  the  composition  of  the  liquid,  making 
the  carbon  15.47  per  cent,  and  the  sulphur 
81.53. 

Carburetted  sulphur  appears  by  further  ex- 
perimen.  s to  be  capable  of  some  degree  of  com- 
bination with  alkalies,  earths,  and  metallic 
oxyds,  forming  compounds,  to  which  Professor 
Berzelius  proposes  to  give  the  name  of  Carbo- 
Sulphurcts. 

When  a glass  bulb  with  a small  orifice  filled 
with  liquid  carburetted  sulphur  is  introduced 
into  a vessel  of  ammoniacal  gas,  a contraction 
of  bulk  takes  place,  and  a yellow  saline  uncrys- 
tallized substance  is  deposited,  which  contains 
the  wiiole  of  the  carburetted  sulphur  saturated 
with  ammonia  where  the  latter  abounds.  If 
th  is  substance  is  sublimed  without  changing  the 
vessel,  it  condenses  unaltered  in  a cooler  part  of 
the  vessel ; but  the  moment  it  has  contact  with 
air  it  absorbs  moisture,  and  is  partially  decom- 
posed, and  then  it  gives  when  sublimed,  crystals 
of  hydrosulphuret  of  ammonia.  Carbonic  acid 
is  doubtless  generated  at  the  same  time. 

Lime  heated  in  an  atmosphere  of  vaporized 
liquid  carburetted  sulphur  appears  also  to  con- 
tract some  union  with  it,  but  this  compound  also 
is  decomposed  by  moisture. 

We  sh-ll  add  a few  particulars  of  Dr.  MarcePs 
experiments  on  the  very  intense  cold  produced 
by  the  evaporation  of  liquid  carburetted  sulphur. 

If  the  bu.b  of  a small  spirit  thermometer  be 
closely  covered  with  a bag  of  fine  flannel,  or 
better,  with  a piece  of  fine  lint,  and  a few  drops 
of  the  liquid  poured  on  it,  the  thermometer  (if 
before  at  about  60°)  rapidly  sinks  to  near  0°. 

But  if  the  thermometer  bulb  thus  wetted  be 
Introduced  into  the  receiver  of  an  air-pump,  and 
the  vessel  exhausted,  the  temperature  in  one  or 
two  minutes  will  descend  from  summer  heat  to 
— 70®  or  — 80,  that  Ls  about  40  degrees  below 
the  freezing  point  ol  mercury.  Therefore,  if 
instead  of  a spirit  thermometer,  a small  bulb 
containing  mercury  be  used,  this  metal  may  be 
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easily  frozen,  and  the  phenomena  attending  its 
congelation  may  be  seen  with  great  convenience. 
If  the  air  be  very  damp  this  somewhat  impedes 
the  experiment. 

SULPHURIZED  MURIATIC  ACID. 

This  singular  compound,  discovered  by  Dr. 
Thomson,  has  been  already  described  in  the 
Cnim.  Diet.  It  is  considered  by  Sir  H.  Davy 
(agreeably  to  his  theory)  as  a compound  of  sul- 
phur and  chlorine,  and  may  be  immediately  pre- 
pared by  heating  a little  sulphur  in  a retort  filled 
with  chlorine.  The  sulphur  and  the  chlorine 
unite  and  form  a fluid,  which  distills  into  the 
colder  part  of  the  retort.  It  does  not  redden 
perfectly  dry  litmus  paper.  When  agitated 
with  water,  much  sulphur  is  deposited,  and  the 
water  contains  muriatic  and  sulphuric  acid. 

According  to  Sir  H.  Davy’s  experiments,  10 
grains  of  pure  sulphur  absorb  about  30  cubic 
inches  of  chlorine,  so  that  the  compound  contains 
by  weight  30  parts  of  sulphur  to  67  of  chlorine. 
The  compound  contains  a maximum  of  chlorine, 
but  may  be  united  to  an  additional  portion  of 
sulphur. 

This  compound  has  been  examined  by  M. 
Amadee  Berthollet.®  The  general  facts  found 
by  this  able  chemist  agree  with  those  of  Dr. 
Thomson.  When  this  liquid  is  shaken  witli  a 
little  water,  the  mixture  acquires  very  soon  a 
boiling  heat,  and  is  rapidly  decomposed.  The 
water  contains  muriatic,  sulphuieous,  and  a little 
sulphuric  acid,  and  sulphur  precipitates,  which 
when  well  washed  differs  in  no  respect  from 
common  sulphur,  and  is  not  (as  Dr.  Thomson 
has  conjectured)  a protoxyd  of  sulphur.  To 
examine  whether  the  sulphurized  muriatic  acid 
contained  any  sulphureous  acid  before  mixture 
with  water,  M.  A.  Berthollet  passed  a current 
of  sulphuretted  hydrogen  through  the  liquid, 
but  without  any  apparent  decomposition  and 
deposition  of  sulphur  from  the  gas,  which  might 
have  been  expected  had  any  sulphureous  acid 
been  contained.  On  the  other  hand,  wRen  the 
gas  is  received  in  water  it  is  immediately  decom- 
posed, the  sulphuretted  hydrogen  holding  in- 
solation a portion  of  the  sulphurized  liquor 
mutually  unite,  scarcely  any  of  the  gas  remains 
uncoil' lensetl,  sulphur  is  deposited,  and  a sensi- 
ble quantity  of  sulphuric  acicj  is  formed. 

When  pure  dry  mercury  is  shaken  with  the 
sulphurized  muriatic  acid,  a very  great  heat  Is 
excited,  and  the  whole  ischanged  to  a grey  pul- 
verulent mass.  This  when  thrown  into  water 
is  mostly  dissolved,  and  the  solution  contains 
cueil,  tom.  1. 
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sulpliat  aiul  muriat  of  mercury  in  a high  state 
of  oxytlation. 

The  fact  of  the  acids  being  only  developed 
when  water  is  added,  may  be  readily  explained 
on  Sir  II.  Davy’s  theory  of  the  constitution  of 
muriatic  acid.  If  the  sulphurised  muriatic 
acid  is  a mere  compound  of  sulphur  and  chlo- 
rine, water  will  furnish  oxygen  to  the  sulphur, 
and  hydrogen  to  the  ch!o;ine,  and  thus  the  sul- 
phur will  be  acidiired,  and  the  chlorine  will  be 
changed  to  muriatic  acid. 

Professor  Berzelius  considers  this  compound 
as  a compound  of  muriatic  acid  and  O.vj/d  of 
Stffp/titr,  a substance  whose  existence  is  still 
very  hypothetical,  as  It  cannot  be  produced  in 
any  but  a compound  form  : when  wateris  added, 
the  oxyd  is  decomposed  into  the  sulphur  that 
precipitates,  and  the  sulphureous  acid  that  re- 
mains in  solution,  one  portion  being  oxygen  ;ted 
at  the  expence  of  the  other.  This  oxyd  of  sul- 
phur he  considers  as  being  composed  of  100  of 
sulphur  to  50  of  oxygen,  which  is  half  the 
proportion  of  oxygen  to  that  in  sulphureous  acid. 
SULPHUREPTED  HYDROGEN.  Hy- 

DROSULPHURETS. 

borne  valuable  observations  on  this  gas  have 
been  made  by  Sir  H.  Davy,'^  and  by  Messrs. 
Gay  Lussac  and  Thenard..'*  The  latter  che- 
mists observe,  that  when  this  gas  is  made  by 
digesting  the  sub-sulphurct  of  iron  with  dilute 
sulphuric  acid,  the  gas  Is  always  mixed  with 
a quantity  of  hydrogen,  which  is  less  in  the  first 
than  in  the  latter  portion  obtained.  This  may 
be  ascertained  by  shaking  the  gas  in  lime-water, 
which  absorbs  the  sulphuretted  hydrogen,  and 
leaves  the  pure  hydrogen.  Neither  can  this  gas 
be  prepared  pure  by  lieating  sulphur  in  hydrogen 
gas,  as  a great  portion  of  the  latter  always  re- 
mains unchanged.  The  best  way  of  obtaining 
sulphuretted  hydrogen  is  either  by  digesting 
sulphuret  of  antimony  In  hot  concentrated  mu- 
riatic acid  ; or  by  treating  the  solid  hydrosul- 
phurets  of  potash  or  soda  with  a dilute  muriatic 
or  sulphuric  acid.  Care  must  however  be  taken 
that  the  alkalies  are  not  at  the  same  time  partially 
carbonated,  as  this  would  introduce  carbonic 
acid  into  the  gas  obtained.  Sulphuretted  hy- 
drogen contains  exactly  its  own  volume  of 
hydrogen,  as  is  proved  both  by  there  being  no 
change  of  bulk  when  sulphur  is  heated  in  hy- 
drogen ; and  inverSely,  when  the  sulphur  is  ex- 
tracted from  a given  portion  of  sulphuretted 
hydrogen.  This  is  very  conveniently  and  ac- 
curately performed  by  heating  a piece  of  clean 
tin  in  the  gas  for  half  an  hour  at  a low  red-heat. 


All  the  sulphur  is  thus  extracted,  and  the  re- 
maining gas  is  pure  hydrogen  of  precisely  the 
same  volume  as  the  sulphuretted  hydrogen  em- 
ployed. The  specific  gravity  of  sulphuretted 
hydrogen  dried  by  muriat  of  lime,  is  given  by 
these  chemists  as  1.19 12  (common  air  being 
unity)  and  hence  that  of  hydrogen  being  .073199, 
the  composition  of  sulphuretted  hydrogen  is 
93.855  parts  by  weight  of  sulphur,  and  ().  145  of 
hydrogen,  which  is  nearly  15  of  sulphur  to  J of 
hydrogen.  Sulphuretted  hydrogen  is  soluble  in 
many  liquids.  Strong  muriatic  acid  will  dis- 
solve 3 times  its  volume  at  52°.  therm,  and 
2.9.92  in.  bar.  Sulphuric  acid  diluted  with  its 
owji  weight  of  water  will  dissolve  1 1 times  its 
volume  at  the  same  pressure  and  temperature, 
and  water  full  3 times.  It  is  necessary  for  this 
however  that  the  gas  be  quite  pure,  for  it  mixed 
with  hydrogen  the  quantity  dissolved  is  much 
less.  When  100  measures  of  sulphuretted  hy- 
drogen are  mixed  with  50.  of  oxygen,  and  ex- 
ploded by  the  electric  .spark,  both  gas.ses  disap- 
pear, wateris  produced  and  sulphur  deposited  : 
wlien  150  measures  of  oxygen  are  used,  the 
products  are  about  87  measures  of  sulphureous 
acid  gas  besides  the  water  produced,  so  that 
both  the  component  parts  are  oxygenated.'^ 

Sir  H.  Davy  gives  as  the  result  of  his  most 
accurate  observations,^  that  100  cubic  inches  of 
sulphuretted  hydrogen  at  a medium  pressure 
and  temperature  weigh  30.5  grains,  and  if  it 
contains  its  own  bulk  of  hydrogen  (of  which 
100.  cubic  inches  weigh  2.27  grains)  it  must  be 
composed,  by  weight,  of  2. 27  parts  of  hydrogen, 
and  34.23  of  sulphur,  or,  in  JOO.  parts,  it  con- 
sibts  of  0.219  hydrogen,  and  93.781  sulphur, 
which  Is  very  exactly  1 of  hydrogen  to  10  of 
sulphur.  When  st'-lphuretted  hydrogen  Is  ex- 
posed to  common  electricity,  or  if  platina  wires 
be  ignited  in  it  by  the  voltaic  apparatus,  it  is 
rapidly  decomposed,  sulphur  is  deposited,  and 
an  equal  volume  of  hydrogen  remains. 

M.  Thenard  has  some  observations  on  the 
triple  compounds  of  sulphur,  sulphuretted  hy- 
drogen and  a base.®  W hen  a saturated  hydro- 
sulphuret  (or  a base  saturated  with  sulphuretted 
hydrogen)  is  heated  with  sulphur,  a strong  ef- 
fervescence ensues,  much  of  the  sulphur  is  dis- 
solved, and  an  equivalent  portion  of  the  sul- 
phuretted hydrogen  escapes  in  a gasseous  form. 
If  on  the  other  hand,  the  hydrosulphuret  is  not 
saturated  with  sulphuretted  hydrogen,  when 
heated  with  sulphur  much  of  it  is  still  dissolved, 
but  no  sulphuretted  hydrogen  escapes. 

The  saturated  hydrosulphurets  when  boiled 


a Eleraeat*  of  Chemistry,  ^ Recherches,  tom.  i.  p.  192.  ' Dalton.  Phil.  Trans,  for  1812. 
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■without  addition,  give  out  more  or  less  of  this 
sulphuretted  hydrogen,  and  thus  are  decom- 
posed partially  or  entirely.  The  hydro-sul- 
phuret  of  magnesia  is  compleatly  decomposed 
at  this  heat ; that  of  lime  almost  entirely  ; the 
hydrosulphurets  of  potash  or  soda  are  partially 
so,  and  become  very  alkaline,  but  still  retain  so 
much  sulphuretted  hydrogen  as  to  give  it  out 
abundantly  on  being  heated  with  sulphur. 

The  hydrosulphuret  of  ammonia  is  deposited 
in  the  form  of  needle-shaped  crystals,  by  passing 
equal  portions  of  sulphuretted  hydrogen  and 
ammoniacal  gas  into  a dry  vessel  cooled  by  ice 
externally.  This  hydrosulphuret  of  ammonia  is 
at  first  colourless,  but  soon  turns  yellow  when 
exposed  to  the  air,  and  then  by  partial  abstrac- 
tion of  the  hydrogen  contains  an  excess  of 
sulphur  relatively  to  the  hydrogen.  It  is  also 
very  volatile,  and  sublimes  even  in  a common 
temperature  to  the  top  of  the  vessel  in  which  it 
is  kept,  and  thus  it  may  be  obtained  separate  from 
that  portion  which  has  undergone  partial  de- 
composition. 

The  sulphuretted  hydrosulphuret  of  ammonia 
has  an  oilv  consistence  when  saturated  with 
sulphur,  which  is  effected  merely  by  digesting 
sulphur  with  Boyle’s  fuming  liquid  (or  hydro- 
sulphuret of  ammonia)  at  a common  tempera- 
tuse.  When  this  is  diluted  with  water,  much 
sulphur  is  precipitated,  even  if  liquid  ammonia 
be  previously  added.  This  saturated  sulphur- 
etted hydrosulphuret  of  ammonia  gives  out 
vapours  in  the  air,  but  much  less  than  Boyle’s 
liquid ; which  latter  will  give  out  a very  dense 
vapour  for  a long  time  when  exposed  to  oxygen, 
but  scarcely  any  in  azote  or  hydrogen. 
SULPHUREOUS  ACID. 

When  sulphur  is  burnt  in  a given  quantity  of 
dry  oxygen  gas,  the  sole  product  is  sulphureous 
acid  gas.  Some  condensation  always  takes  place, 
but  it  is  variable,  and  in  small  quantity  when 
the  sulphur  is  the  purest.  It  therefore  is  most 
probably  owing  to  some  hydrogen  remaining  in 
the  sulphur,  so  that  if  sulphur  were  quite  pure, 
it  would  probably  be  converted  into  sulphureous 
acid  gas  by  oxygen  without  any  change  of  bulk. 
Therefore,  by  ascertaining  the  weight  of  a given 
volume  of  sulphureous  acid  gas,  and  deducting 
from  it  the  weight  of  an  equal  bulk  of  oxygen 
the  remainder  will  be  the  sulpliur.  Thus  100 
cubic  inches  of  sulphmeous  acid  gas  weigh  at  a 
mean  pressure  and  tempvrature  6‘8  grains,  and 
100  cubic  inches  of  oxygen  gas  weigh  grains, 
leaving  also  34  for  the  weight  of  ihe  sulphur 
Hence  it  is  most  probable  that  sulphureous  acid 


gas  Is  composed  of  equal  weights  of  sulphur  and 
oxygen,  and  the  absolute  weight  of  each  in  a 
given  quantity  of  the  acid  gas,  is  equal  to  that 
of  the  same  volume  of  oxygen. 

Another  proof  of  the  constitution  of  sul- 
phureous acid  is  obtained  from  the  combustion 
of  sulphuretted  hydrogen  In  Volta’s  eudiometer.* 
This  compound  contains  exactly  Its  own  bulk  of 
hydrogen,  and  100.  cubic  inches  consist  (as 
above  mentioned)  of  34.123  grains  of  sulphur, 
and  2.27  grains  of  hydrogen.  Now  when  sul- 
phuretted hydrogen  is  exploded  with  abundance 
of  oxygen,  the  products  are  sulphureous  acid 
gas  and  water;  and  2 measures  of  sulphuretted 
hydrogen  require  3 measures  of  oxygen  for  this 
purpose,  or  100.  require  130.  of  oxygen.  There- 
fore, according  to  the  well  known  constitution 
of  water,  the  100.  cubic  inches  of  hydrogen 
(contained  in  the  same  bulk  of  sulphuretted 
hydrogen)  require  50.  cubic  inches  of  oxygen  to 
produce  water,  which  would  leave  100.  cubic 
inches  of  oxygen,  weighing  about  34.  grains,  to 
form  sulphureous  acid  with  34.23  grains  of  sul- 
phur, which  are  nearly  equal  weights. 

Professor  Berzelius  ascertains  the  composition 
of  sulphureous  acid  from  the  sulphate  of  barytes, 
as  mentioned  in  the  article  AJjinitjj  in  this  ap- 
pendix, which  gives  the  component  parts  of  this 
acid  to  be  100.  of  sulphur,  and  97.83  oxygen. 
These  differ  but  little  from  being  equal  parts  of 

SULPHURIC  ACID. 

Much  information  has  been  lately  given  by 
experimental  researches  on  the  constitution  of 
this  most  important  acid,  and  the  theory  of  its 
formation.  It  has  long  been  known  that  the 
most  concentrated  acid  which  can  be  obtained 
in  a separate  state,  contains  a considerable 
quantity  of  water  in  its  compo.sition,  which  may 
be  expelled  when  it  enters  into  chemical  union 
with  any  base,  a fixed  alkali  for  example,  and. 
it  is  on  this  principle  that  Mr.  Kirwan  formed 
his  tables  for  the  proportions  of  real  acid  in 
liquid  sulphuric  acid  of  diflerent  degrees  of  di- 
lution. Sulphuric  acid  therefore  is  composed 
of  sulphu'",  oxygen,  and  water,  the  latter  of 
w’hich  it  Is  capable  of  giving  up  when  it  enters 
into  combination  with  a base. 

The  proportion  of  oxygen  to  sulphur  in  sul- 
phuric acid  appears  by  a variety  of  experiments 
to  be  Ji  times  as  much  as  that  in  sulphureous 
acid,  and  in  the  latter  it  is  as  already  mentioned, 
nearly,  if  not  exactly,  equah  to  the  sulphur.  So 
that  if  50  gr.rins  of  sulphur  take  30  giains  of 
oxygen  to  become  sulphureous  acid,  it  will 
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require  4o  grains  of  oxygen  to  form  dry  sul- 
phuric acid  such  as  exists  in  the  neutral  sul- 
phats  after  ignition.  Sir  H.  Davy  estimates 
the  water  in  100  parts  of  the  most  concentrated 
liquid  sulphuric  acid  to  be  about  19  in  100, 
and  hence  the  composition  of  liquid  sulphuric 
acid  in  92  parts  will  be  as  follows  i 
Sulphur  . . SO  > -p.  , , . 

Oxygen  . . 45  S 

17  Water 

Jo  S 


92  Liquid  sulphuric  acid 

If  this  be  correct,  the  sulphur  will  unite  with 
three  portions  of  oxygen  (45)  to  produce  the 
acid,  and  this  with  one  portion  of  oxygen  (15) 
in  the  water  essential  to  its  separate  state,  which 
will  agree  with  the  opinion  advanced  by  Berze- 
lius, that  the  oxygen  of  the  water  in  definite 
compounds  is  an  equal  portion  of  that  in  the 
other  constituents.  ( See  Ajfinitiy  in  Ihis  ap- 
pendix.) Since  sulphureous  acid  consists  of 
sulphur  with  two  portions  of  oxygen,  and  sul- 
phuric acid,  of  sulphur  with  three  portions,  and 
since  sulphureous  acid  gas  occupies  the  same 
space  as  its  oxygen  alone  would  fill,  it  must 
therefore  follow  that  whenever  sulphuric  acid 
is  partially  decomposed,  it  will  resolve  itself 
into  two  parts  in  volume  of  sulphureous  acid 
gas,  and  one  volume  of  oxygen  gas.  1 his 
is  actually  found  to  be  the  case  by  experiment: 
for  when  the  strongest  sulphuric  acid  is  vapo- 
rized by  heat,  and  in  this  state  passed  through 
a red-hot  porcelain  tube,  it  is  resolved  into,  a gas 
consisting  of  two  volumes  of  sulphureous  acid 
and  one  volume  of  oxygen,  and  a liquid  con- 
denses, which  is  the  same  as  dilute  sulphuric 
acid.  It  would  appear  therefore  In  this  expe- 
riment that  only  a portion  of  the  acid  is  decom- 
posed, but  none  of  the  water. 

When  a solution  of  sulphureous  acid  gas 
recently  made,  is  heated,  nearly  if  not  entirely 
the  whole  of  the  gas  may  be  again  expelled  by 
long  boiling  ; but  if  it  be  exposed  to  the  air  for 
some  time,  it  loses  its  peculiar  smell,  becomes 
strongly  sour,  and  is  converted  into  a weak  so- 
lution of  sulphuric  acid,  which  may  be  concen- 
trated by  evaporation. 

The  experiments  of  Professor  Berzelius  C see 
Affinity  in  this  appendi.v)  very  nearly  agree 
with  the  compos  tion  of  sulphuric  acid  above 
mentioned.  He  shews  that  the  sulphuret  of 
lead  is  totally  converted  into  neutral  sulpliat  of 
lead  by  the  action  of  nitric  acid,  that  is  to  say 
by  the  addition  of  oxygen,  and  dierefore  that 


Hydrogen 
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the  sulphur  and  the  lead  are  in  the  same  relative- 
proportions  to  each  other  in  both  preparations. 
Hence  by  previously  ascertaining  the  quantity 
of  oxygen  contained  in  the  suboxyd  of  lead 
which  is  the  base  of  the  sulphat,  and  by  finding 
the  total  addition  of  oxygen  required  to  convert 
the  sulphuret  into  sulphat,  the  oxygen  required 
by  the  sulphur  alone  to  produce  the  sulphuric 
acid  of  the  sulphat  is  readily  found.  This  gives 
the  composition  of  dry  sulphuric  acid  to  be 
S9.92  of  sulphur  to  60.02  of  oxygen,  or  almost 
exactly  2 parts  of  sulpliurto  3 of  oxygen,  which 
agrees  as  nearly  as  can  be  expected  with  the 
proportions  before  given. 

A very  instructive  memoir  on  the  decomposi- 
tion of  the  metallic  sulphats  by  heat,  is  given  by 
M.  Gay  Lussac.*  All  these  salts  are  decompo- 
sable by  a heat  more  or  less  intense,  but  the  pro- 
ducts of  this  operation  vary  according  to  the 
force  of  the  affinity  of  the  metals  for  sulphuric 
acid.  The  soluble  sulphats  in  which  the  acid  is 
but  little  condensed,  give  only  sulphuric  acid  by 
distillation.  But  those  that  retain  the  acid' 
strongly,  and  are  at  the  same  time  insoluble, 
give  out  their  acid  decomposed  into  sulphureous 
acid  and  oxygen  gasses  : and  the  sulphats  that 
are  acid  and  soluble,  but  yet  retain  the  acid  with 
considerable  force,  give  out  their  acid  when 
heated,  partly  as  sulphuric  acid,  and  partly  as 
sulphureous  acid  and  oxygen.  Some  of  the  ex- 
periments are  as  follows.  Sulphat  of  copper 
was  distilled  in  an  earthen  retort  in  a furnace- 
capable  of  giving  a very  intense  heat.  Ir  had 
been  previously  calcined  to  expell  the  wa;er. 
The  pi'oducts  were  a most  abundant  stream  o£ 
mixed  gas,  which  continued  for  an  hour  without 
abatement.  On  encreasing  the  heat  the  gas. 
again  appeared,  and  dilFerent  portions  of  it  were 
reserved  for  analysis.  At  the  last  the  heat  was 
urged  with  great  violence  as  long  as  any  thing 
was  given  out.  'I'he  copper  was  found  reduced 
and  lused  in  a button  at  the  bottom  of  the  ves- 
sel. On  examining  the  gas  obtained  at  differ- 
ent periods  of  the  distillation,  it  w.rs  found  to 
consist  very  uniformly  of  about  32. 5-  per  cent, 
(in  volume)  of  oxygen  and  the  rest  sulphureous- 
acid,  except  the  last  portion  of  all,  which  con- 
tained as  much  as  92.4  of  oxygen,  and  was 
obviously  produced  at  the  time  of  the  reduction 
of  the  oxyd  of  copper  in  the  extreme  heat. 
Therefore  (setting  aside  the  last  portion)  it  ap- 
pears that  in  the  sulphat  of  copper,  the  sulphuric 
acid  soon  begins  to  be  decomposed  when  heated, 
and  continues  this  change  uniformly  as  long  as 
any  acid  remains. 
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The  same  was  observed  from  alum  strongly 
heated,  the  gas  being  a pretty  uniform  mixture 
of  about  two  parts  in  volume  of  sulphureous 
acid,  and  one  part  of  oxygen,  and  this  con- 
tinued without  change  to  the  end  of  the  process, 
as  the  base  of  this  sulphat  was  not  itself  dc- 
oxygenated  by  the  heat. 

Sulphat  of  iron  has  long  been  employed  to 
yield  sulphuric  acid  by  its  distillation,  but 
besides  the  sulphuric,  it  also  gives  out  much 
sulphureous  acid  gas.  This  was  long  supposed 
to  arise  from  the  higher  degree  of  oxygenation 
which  the  metal  acquires  in  the  process,  (which 
Is  actually  the  case]  but  it  was  observed  by 
Chaptel  that  oxygen  gas  was  also  given  out, 
and  hence  only  a portion  of  the  acid  of  this 
salt  is  obtainable  by  distillation  unchanged,  and 
the  rest  appears  in  the  form  of  sulphureous 
acid  and  oxygen,  as  in  the  distillation  of  sulphat 
of  copper. 

The  sulphats  of  manganese  and  zinc  also 
give  out  most  of  their  acid  decomposed. 

When  sulphuric  acid  is  digested  on  tin, 
antimony  or  bismuth,  two  sulphats  are  formed, 
one,  very  soluble,  and  with  a great  excess  of 
oxyd  ; the  other,  little  soluble,  and  with  excess 
of  oxyd.  The  former  of  these  yields  much  of  its 
acid  unaltered  in  distillation  ; the  latter  gives  it 
out  in  the  form  of  its  constituent  parts,  oxygen 
and  sulphureous  acid. 

The  sulphat  of  silver,  which  is  one  of  the 
insoluble  sulphats  that  retains  its  acid  strongly, 
gave  out  its  acid  decomposed,  and  the  metal 
was  reduced. 

Sulphat  of  mercury  underwent  a similar 
change. 

With  regard  to  the  sulphats  of  the  fixed 
-alkalies  and  of  some  of  the  earths,  they  are  unde- 
coniposeable  by  distillation  per  se  when  neutral; 
hut  of  some  of  the  acid  sulphats  so  much  of 
the  acid  is  decomposed  as  constitutes  the  excess 
beyond  the  point  of  neutralization.  Thus  the 
acid  sulphat  of  potash  gives  out,  on  heating, 
part  of  its  acid  unchanged,  and  part  in  the  form 
of  sulphureous  acid  and  oxygen,  till  it  is  brouglit 
to  the  neutral  sulphat,  when  no  further  change 
occurs. 

But  even  the  neutral  sulphats  will  be  partially 
decomposed,  when  distilled  with  vitreous  phos- 
phoric or  boracic  acid  ; and  the  products  there- 
fore will  be,  not  sulphuric  acid,  but  its  elements, 
sulphureous  acid  and  oxygen. 

The  theory  of  the  formation  of  sulphuric 
acid  by  the  con  busrion  cf  sulphur  and  nitre,  as 
now  so  generally  practised,  has  been  the  subject 


of  much  controversy.  Tlie  common  opinion 
that  the  nitre  acts  merely  by  furnisliing  oxygen 
to  the  sulphur,  is  fully  confuted  by  the  fact 
that  sulphur  burnt  in  oxygen  gas  does  not 
p’^oduce  sulphuric  acid,  but  only  a mixture 
of  sulphureous  acid  gas  and  oxygen ; and  also, 
that  the  quantity  of  nitre  found  sufficient  for 
the  purpose  would  not  furnish  nearly  enough 
oxygen  to  the  sulpliur. 

Some  interesting  remarks  on  this  subject 
are  given  by  Messrs.  Desormes  and  Clement.’’ 
These  chemists  shew'  that  even  when  the  nitre 
is  one  fifth  of  the  sulphur  (which  is  the  largest 
allow'ance)  it  will  not  furnish  one  fifth  enough 
oxygen  to  acidify  th.e  sulphur ; and  the  sulphat 
of  potasli  alone  which  remains  in  the  residue 
contains  as  much  oxygen  as  all  the  nitre. 

They  observe  that  w'hen  the  mixture  of  nitre 
and  sulphur  is  burning  in  the  pots  of  the 
leaden  chamber  in  which  sulphuric  acid  is 
made,  the  nitric  acid  is  obviously  not  entirely 
decomposed,  for  much  red  nitrous  acid  vapour 
Is  diffused  in  the  chamber  along  with  the 
sulphureous  acid.  The  combustion  of  the 
mixture  in  the  pots  therefore  first  produces  a 
mixture  of  nitrous  acid  gas  and  sulphureous 
acid  gas,  together  with  the  vapour  of  w.iter, 
but  these  acid  gasses  cannot  subsist  together  for 
a moment  (when  moist)  without  mutual  decom- 
position into  sulphuric  acid  and  nitrous  gas, 
which  therefore  happens  in  the  body  and  upper 
part  of  the  chamber.  A condensation  of  the 
sulphuric  acid  vapour  then  takes  place,  which 
is  absorbed  by  the  water  on  the  floor.  This 
forms  a partial  vacuum,  that  is  filled  by  external 
atmospherical  air,  which  last  is  in  its  turn  de- 
composed by  the  nitrous  gas  absorbing  its  oxy- 
gen and  becoming  nitrous  acid  gas.  This 
again  is  ready  to  furnish  oxygen  to  a fresh 
portion  of  sulphureous  acid  gas  diffused  in  the 
chamber,  which  again  produces  sulphuric  acid 
that  condenses  in  the  w'atcr  below,  and  nitrous 
gas,  and  occasions  a vacuum  supplied  from  the 
air  from  without ; and  the  gas,  now  become 
nitrous  acid  gas,  continues  as  before  to  compleat 
the  oxygenation  of  fresh  portions  of  sulphureous 
acid . 

The  nitric  acid  therefore  Is  constantly  in  a 
state  of  successive  decomposition  and  recom- 
position by  the  successive  portions  of  oxygen 
which  it  furnishes  to  the  sulphureous  acid,  and 
again  by  the  re-absorption  from  the  air  of  the 
oxygen  which  it  thus  loses.  These  changes’ 
are  very  well  shewn  by  iii'roducing  Into  a 
large  open  glass  globe  first  a quantity  of  sui- 
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phureous  acul  gas,  then  adding  a small  quantity 
(about  -jV)  of  nitrous  gas,  which  will  imme- 
diately produce  red  fumes  of  nitrous  acid  gas, 
followed  by  a white  dense  vapour  which  gra- 
dually condenses  on  the  inner  surface  of  the 
glass  in  shining  stellated  crystals,  and  the  air 
of  the  vessel  again  becomes  transparent.  If  a 
few  drops  of  water  are  then  introduced,  the 
crystals  dissolve  with  great  heat,  and  the  nitrous 
gas  is  again  expelled,  which  directly  changes 
as  before  into  red  nitrous  acid  vapour,  and  the 
same  round  of  chemical  action  goes  on  till  all 
the  oxygen  of  the  air  in  the  vessel  is  exhausted, 
or  till  all  the  sulphureous  add  gas  is  consumed. 
The  presence  of  water  Is  essential  to  the 
formation  of  sulphuric  acid,  for  if  sulphureous 
acid  gas  and  nitrous  acid  gas  both  perfectly  dry 
be  brought  in  contact,  no  action  ensues  : but 


the  least  portion  of  moisture  causes  them  to 
condense  into  the  solid  crystalline  compound 
above  described  ; and  a little  more  v/ater  gene-  • 
rates  liquid  sulphuric  acid,  and  the  nitrous  gas 
is  expelled.  Sometimes,  In  making  the  above 
experiment,  the  decomposition  of  the  nitrous 
acid  gas  proceeds  further  than  the  generation 
of  nitrous  gas,  and  produces  nitrous  oxyd.  It 
does  not  appear  precisely  what  Is  the  reason  of 
this  variety  of  effect ; but  when  it  does  occur  it 
stops  the  further  acidification  of  the  sulphureous 
acid,  as  the  nitrous  oxyd  will  not  spontaneously- 
reabsorb  from  the  air  the  oxygen  which  it 
has  lost. 

We  shall  now  give  Mr.  Dalton’s  table  of  the- 
strength  of  sulphuric  acid  at  different  densities,, 
the  results  of  his  own  experience  in  this  acid'’ 
for  several  years. 


Table  of  the  quantity  of  real  acid  in  100. parts  of  liquid  sulphuric  acid,  at  the- 

temperature  of  G0°. 


Acid  per 
cent,  by 

Acid  per 
cent,  by 

Specific 

Boiling^ 

weight. 

measure. 

gravity. 

point. 

100 

unknown 

unknown 

unknown. 

81 

150 

1.850 

620° 

80 

148 

1.849 

605° 

79 

146 

■1.848 

590° 

78 

144 

L847 

575° 

77 

142 

•'1.845 

560° 

76 

HO  ■ 

1.842 

545o 

75 

1S8 

1.838 

530o- 

74 

135 

1.833 

515° 

73 

133 

1.827 

SOU 

72 

131 

1.819 

487° 

71 

129 

1.810 

473° 

70 

126 

1.801 

460° 

69 

124 

1.791 

447° 

68 

121 

r.780 

435° 

67 

118 

1.769 

422° 

66 

116 

1 757 

410° 

65 

113 

1.744 

400° 

64 

111 

1.730 

391° 

63 

108 

1.715 

382° 

62 

105 

1.699 

374° 

61 

103 

1.684 

367° 

60 

100 

1.670 

360° 

58.6' 

97 

1.650 

350° 

50 

76 

1.520 

290° 

40 

56 

1.408 

260° 

SO 

39 

1.30+ 

240° 

20 

24 

1.200 

224° 

10 

11 

1.10— 

218° 

New  Syitem. 
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In  the  above  table  the  first  line  is  a substance 
which  probably  does  not  exist,  being  the  pure 
acid,  supposed  to  be  in  a liquid  state  and  free 
frem  all  water.  It  is  composed  of  single  atoms 
of  sulphuric  acid,  and  the  relative  w^eight  of 
each  atom  is  given  by  Mr.  D.  to  be  34  times 
that  of  an  atom  of  hydrogen.  This  number  is 
derived  from  the  assumed  composition  of  an 
atom  of  sulphuric  acid  to  be  one  atom  of  sul- 
phur (13y  with  3 of  oxygen  (21).  The  atom  of 
sulphur  again  is  derived  from  the  actual  com- 
position of  sulphureous  acid,  which  is  estimated 
at  48  parts  by  weight  of  sulphur  and  52  oxy- 
gen ; and  it  is  assumed  to  consist  of  2 atoms  of 
oxygen  ( 14)  to  1 of  sulphur  and  52:48: ; 14  : 13 
which  gives  the  relative  weight  of  the  atom  of 
sulphur  to  be  13.  (hydrogen  being  always 
unity.) 

But  on  the  other  hand,  if  sulphureous  acid 
consists  of  equal  weights  of  sulphur  and  oxy- 
gen, the  atom  of  sulphur  will  be  14.  and  the 
atom  of  sulphuric  acid  will  be  14  21  =33, 

being  1 atom  of  sulphur  and  3 of  oxygen. 

Mr.  Dalton  infers  that  the  acid  of  81.  per 
cent,  by  weight,  or  1.85  specific  gravity,  is 
composed  of  an  atom  of  real  sulphuric  acid  and 
an  atom  of  water.  This  is  nearly  the  mean  of 
each  estimation  of  the  atom  of  sulphuric  acid, 
for  if  it  is  taken  at  34.  an  atom  of  this  and  an 
atom  of  water  would  indicate  a strength  of  81.4 
per  Qont.  of  real  acid  ; and  if  it  is  taken  at  35. 
it  will  indicate  80.95  per  cent.  As  this  acid  of 
J .85  specific  gravity  is  the  strongest  liquid  sul- 
pliuric  acid  that  can  be  procured  in  an  uncom- 
bined stale,  and  distills  unchanged  without  be- 
coming more  concentratexl,  and  is  a well  defined 
specific  compound,  there  is  great  reason  to  sup- 
pose it  to  consist  of  some  simple  definite  pro- 
portion of  acid  and  water. 

The  next  definite  compound  of  sulphuric 
acid  and  water,  according  to  Mr.  Dalton’s  sys- 
tem, will  be  that  which  is  composed  of  1 atom 
of  real  acid  and  2 atoms  of  water,  and  this 
forms  the  acid  of  (iS.  per  cent.,  by  weight,  of 
acid  and  1.78  specific  gravity.  It  is  worthy  of 
remark  that  this  is  the  acid  which  Mr.  Keir  has 
tiiscovered  to  possess  the  remarkable  property  of 
congealing  at  32’  and  remaining  unthawed  at 
any  temperature  below  46®,  as  we  noticed  in 
our  former  article  of  Sulphuric  Acid  ( Chem. 
Diet.)  If  the  acid  be  as  little  as  1 per  cent, 
stronger  or  weaker,  this  remarkable  property  of 
remaining  congealed  at  a comparatively  high 
temperature  is  lost. 

No  peculiar  properties  have  hitherto  been 

■*  Ann.  Cliim.  tom. 
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discovered  in  any  other  of  the  definite  points  of 
dilution  of  the  acid.  The  acid  of  58.6  per  cent., 
by  weight,  of  real  acid  contains  by  Mr.  Dalton’s 
estimation  1 atom  of  acid  to  3 atoms  of  water ; 
that  of  30  per  cent,  contains  1 atom  of  acid  to 
10  of  water;  that  of  20  per  cent,  contains  1 of 
acid  to  17  of  water;  and  that  of  10  per  cent, 
contains  1 of  acid  to  38  of  water. 

Mr.  Dalton’s  table  differs  considerably  from 
that  of  Mr.  Kirwan.  As  the  specific  gravity 
encreases  but  little  in  proportion  to  the  strength 
of  the  acid  in  the  more  concentrated  mixtures, 
Mr.  Dalton  observes,  that  in  these  it  is  safer  for 
practical  utility  to  depend  on  the  temperature 
at  which  the  acids  boil  to  form  a ready  estimate 
of  their  strength,  as  this  gives  a greater  range 
for  examination. 

We  shall  conclude  this  article  with  a table  of 
the  strength  of  different  mixtures  of  sulphuric 
acid  and  water  drawn  up  for  practical  purposes 
of  M.  Vauquelin,  from  experiments  made  with 
great  care.**  This  table  may  be  of  service  to 
the  English  chemist,  though  it  is  chiefly  calcu- 
lated for  an  instrument  (Beaume’s  areometer) 
which  is  but  little  employed  in  this  country,  and 
of  no  precise  authority.  M.  Vauquelin’.*;  table 
would  have  been  perhaps  rather  more  useful  if 
the  standard  or  concentrated  acid  which  he 
employed  had  been  somewhat  stronger ; for  as 
it  is,  it  wants  much  of  the  strength  of  the  most 
concentrated  acid,  and  is  somewhat  lower  than 
the  strong  sulphuric  acid  usually  sold  in  this 
country.  As  this  eminent  chemist  asserts  that 
the  experiments  were  most  carefully  made,  no 
doubt  can  be  entertained  of  their  accuracy. 

Table  of  the  proportions  (by  weight)  of  stan- 
dard sulphuric  acid  of  1.842  specific  gravity 
and  of  water,  in  100.  parts  of  sulphuric  acid  of 
different  degrees  of  dilution — Temperature,  12®. 
Reaumur.  — 59®.  Fahr. 


Beaume' 

's  Specific 

Staii’.lard 

Areiimeter.  Gravity. 

Acid. 

Water. 

66. 

— 1.842 

— 

100.00 

— 0. 

60. 

— 1.725 

— 

84.22 

— 15.78 

55. 

— 1.618 

— 

74.32 

— 25.68 

50. 

— 1.524 

— 

66.45 

— 33.55 

45. 

— 1.466 

— 

58.02 

— 41.98 

40. 

— 1.375 

50.41 

— 49.59 

35. 

— 1.315 

— 

43.21 

— 56.79 

SO. 

— 1.260 

— 

36.52 

— 63.48 

25. 

— 1.210 

30.12 

— 69.88 

20. 

— 1.162 

24.01 

— 75.99 

15. 

— 1.114 

17.39 

— 82.61 

10. 

— 1.076 

11.73 

— 88.27 

5. 

— 1.023 

6.60 

— 93.40 

;.  p.  260. 
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SULPHATS,  Alkaline  and  Earthy. 

The  manufacture  of  sulphat  of  magnesia  or 
Epsom  salt,  as  practised  at  Lymington  in  Hamp- 
shire, is  thus  described  by  Dr.  Henry,  “ on  the 
authority  of  Mr.  St.  Barbe  the  proprietor.  Sea- 
water, concentrated  by  spontaneous  evaporation 
in  the  air,  is  boiled  down  to  dryness  in  pans, 
and  the  mass  is  taken  out  entire  and  removed 
into  troughs  with  holes  at  the  bottom,  where 
the  mother  liquor  drains  through,  leav'cg  the 
muriat  of  soda  nearly  pure.  The  Epsom  salt 
is  made  from  this  mother  liquor  in  the  winter 
season,  by  a very  simple  process.  The  mother 
liquor  is  boiled  for  some  hours  in  the  salt  pans, 
and  the  impurities  are  removed  by  skimming. 
During  the  evaporation  a portion  of  common 
salt  separates,  which  is  removed.  The  evapo- 
rated liquor  is  then  poured  into  wooden  coolers 
8 feet  long,  5 wide  and  1 foot  deep.  In  these 
it  remains  twenty-four  hours,  during  which 
time,  if  the  weather  prove  clear  and  cold,  the 
sulphat  of  magnesia  crystallizes  at  the  bottom 
of  the  cooler  in  quantity  equal  to  about  one- 
eighth  of  the  boiled  liquor.  The  uncrystal- 
lizable  fluid  is  then  let  ofF  through  plug-holes 
at  the  bottom  of  the  coolers ; and  the  Epsom 
salt  is  drained  In  baskets.  This  Is  termed  swgle 
Epsom  salt,  and  after  a second  solution  and 
crystallization  it  is  termed  double  Epsom  salt. 
Four  or  five  tons  of  sulphat  of  magnesia  are 
obtained  from  a quantity  of  brine  which  has 
yielded  100  tons  of  common  salt. 

Sulphat  of  Buri/tes.  Many  of  the  methods 
of  decomposing  this  salt  have  been  already  men- 
tioned ; the  following  is  given  by  Goettling. 
Mix  together  in  fine  powder  eight  parts  of  na- 
tive sulphat  of  barytes,  two  parts  of  muriat  of 
soda,  and  one  part  of  charcoal  powder.  Press 
the  rnixture  hard  into  a Hessian  crucible,  and 
expose  it  for  an  hour  and  a half  to  a red  heat  in 
a wind  furnace.  When  cold,  reduce  the  mass 
to  powder  and  boil  it  for  a short  time  in  sixteen 
parts  of  water ; filter  the  lixivium  and  keep  it 
in  well  stopped  bottles.  To  prepare  muriat  of 
barytes  from  this  lixivium,  add  muriatic  acid  as 
long  as  any  sulphuretted  hydrogen  gas  Is  extri- 
cated. Evaporate  the  liquid  to  a pellicle,  and 
set  it  by  to  crystallize,  when  the  muriat  of  ba- 
rytes will  separate.  Again  evaporate  the  liquid 
part,  removing  the  muriat  of  soda  that  forms  in 
the  process,  and  by  cooling,  a fresh  portion  of 
muriat  of  barytes  will  crystallize. 

The  composition  of  some  of  the  sulphats  is 
thus-given  by,  Berzelius.' 

Sulphat  of  Barites  is  thusTound ; 100  parts 


of  carbonat  of  barytes  contain  77.904  barytes, 
and  produce  118.6  sulphat  of  barytes.  Hence 
the  composition  of  this  latter  salt  is 

Sulphuric  acid  34.314  — 100.000 
Barytes  . . 65.686  — 191.427 

Sulphat  of  Potash.  100  parts  of  ignited 
sulphat  of  potash  give  134.68  of  sulphat  of 
barytes,  hence  it  consists  of 

Sulphuric  acid  46.214  — 100.000 

Potash  . . 53.786  — 116.385 
Sulphat  of  potash  when  crystallized  contains 
no  more  than  about  1.  of  water  in  300  of  the 
salt. 

Sulphat  of  Soda.  100  parts  of  ignited  sul- 
phat of  soda  give  164  sulphat  of  barytes,  hence 
it  consists  of 

Sulphuric  acid  56.275  100.000 

Soda  . . . 43.725  — 77.699 

Sulphat  of  Magnesia.  100  parts  of  ignited 
sulphat  of  magnesia  give  194.3  of  sulphat  of 
barytes  ; hence  this  salt  consists  of 

Sulphuric  acid  66.64  — 100  00 
Magnesia  . . 33.36  — - 50.06 

Sulphat  of  Ammonia.  This  salt  \vas  ana- 
lyzed by  distillation  with  lime,  and  gave  53. 1 
of  sulphuric  acid,  22.6  of  ammonia,  and  24.3 
of  water  of  crystallization.  Hence  (excluding 
the  waterj  this  salt  consists  of 

Sulphuric  acid  70.14  — 100.000 
Ammonia  . . 29.86  — 42.617 

SULPHURETS.  Metallic. 

M.  Vauquelin  has  given  the  results  of  some 
experiments,  to  determine  the  proportions  of 
sulphur  which  several  metals  absorb  by  fusion. 
These  proportions  have  been  variously  stated 
by  different  chemists,  chiefly  owing  to  a diffe- 
rence in  the  heat  employed,  and  the  mode  of  its 
application.  In  these  experiments  M.  Vau- 
quelin states,  that  the  heat  w^as  kept  up  to  a 
degree  sufficient  to  melt  the  compounds,  and 
long  enough  to  expell  all  the  superabundant 
sulphur.  The  contact  of  the  external  air  was  ‘ 
also  avoided.  Each  experiment  was  repeated 
three  or  four  times,  and  those  results  were 
rejected  which  differed  from  the  majority  by 
more  than  two  hundredth  parts.  The  metals 
were  divided  as  much  as  possible,  and  mixed 
with  thrice  their  weight  of  sulphur,  and  also 
covered  with  a layer  of  sulphur.  The  sulphu- 
rets  that  required  considerable  heat  for  fusion, 
such  as  those  of  iron  and  copper,  were  three 
times  successively  pulverized  and  treated  with 
fresh  sulphur,  to  ensure  a perfect  saturation. 


» Phil.  Trans.  1810.  p.  94.  * Fliil.  Journ.  vol.  ii.  p 161.  * Ann.  Chim. 
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The  following  arc  the  results; 

Sulphuret  of  Copper. 
Copper  - 78.60 

Sulphur  - 2J.31 


100.00 

Sulphuret  of  Tin. 
Tin  - 85.0 

Sulphur  - 14.1 


100.0 


Sulphuret  of  Lead. 
Lead  - 86.93 

Sulphur  - 13.77 


100.00 


Sulphuret  of  Silier. 
Silver  - 87.27 

Sulphur  - 12.7.3 

100.00 


Sulphuret  of  Iron. 
Iron  - 78. 

Sulphur  - 22. 

100. 


Sulphuret  of  Antimony. 
Antimony  - 75. 

Sulphur  - 25. 

100. 


Sulphuret  of  B 

ismuth. 

Bismuth 

08.25 

Sulphur 

31.75 

100.00 

Sulphuret  of  Mans^anese. 

Manganese  - 

74.5 

Sulphur 

25.5 

100.0 

The  sulphuret  of  manganese  Is  the  only  one 
of  these  combinations  which  was  not  made  di- 
rectly from  the  metal,  but  instead  of  it,  the 
dry  carbonat  of  manganese  was  employed, 
which,  after  fusion  with  sulphur,  gave  a gi-een 
spongy  mass  resembling  the  native  sulphuret, 
and  gave  abundance  of  sulphuretted  hydrogen 
by  dilute  nitric  acid.  M.  Vauquelin  reckons 
the  quantity  of  sulphur  in  this  sulphuret  to  be 
at  least  equal  to  the  loss  of  weight  which  the 
dry  carbonat  would  undergo  by  ignition  per  se/ 
in  which  case  the  manganese  in  this  sulphuret 
will  be  in  the  state  of  sub-oxyd.  If,  however, 
it  passes  to  the  reguline  state  by  fusion  with 
sulphur,  the  proportion  of  the  latter  substance 
must  be  greater  than  is  here  stated,  by  the 
weight  of  the  oxygen  supposed  to  remain. 

Most  of  these  proportions  here  given  agree 
pretty  nearly  with  those  of  Proust,  and  also  of 
Berzelius,  with  the  exception  of  iron.  M. 
Vauquelin  accounts  for  the  difference  between 
his  and  Proust’s  estimation  of  the  sulphur  in 
the  sulphuret  of  iron,  by  the  different  circum- 
stances of  the  respective  experiments,  the  latteiT 
chemist  having  employed  a much  lower  tempe- 
rature. But  the  artificial  sulphurets  of  iron 
prepared  by  Proust,  agree  very  nearly  in  com- 
position with  the  two  natural  sulphurets  ana- 
lyzed by  Mr.  Hatchett,  viz.  the  magnetical, 
and  the  common  pyrites,  as  we  have  fully  re- 
lated in  the  Chem.  Diet.  Art.  Iron.  These 
apparent  inaccuracies  are  readily  reconciled,  by 
supposing  each  of  these  sulphurets  to  exist  in 
definite  proportions,  that  of  Vauquelin  being 
in  the  lowest  known  degree  of  sulphuration. 
This  will  also  account  for  the  intermediate 
sulphuret,  between  the  magnetical  and  the 
common  pyrites,  actually  obtained  by  Mr. 
Hatchett,  by  distilling  the  magnetical  pyrites 
with  sulphur  in  a low  red*heat  short  of  fusion, 
the  existence  of  which  is  assumed  hypotheti- 
cally by  Berzelius,  as  the  base  of  the  red  sul- 
phat  of  iron. 

The  four  sulphurets  of  iron  thus  obtained, 
will  therefore  be  composed  as  follows,  taking 
M.  Vauquelin’s  experiment  as  the  basis  of  the 
calculation,  and  encreasing  ihe  su'phur  in  this 
sulphuret  by  the  simple  ratios  of  2,  3,  and  4 
times  28.21. 


Sulphuret  of  Arsenic. 
Arsenic  - 57 

Sulphur  - 43 


100 


First  Sulphuret  (artificial). 
Iron  78  — 100.00 

Sulphur  22  ~ 28.21 


Y 2 
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S^ond  Siilphuret  ( natural ) 
Magnctical  Pyrites. 


Iron  63.93  — 

100.00 

Sulphur  36.07  — 

56.42 

Third  Sulphuret  (artificial). 

Iron  54.16  — 

100.00 

Sulphur  45.84  — 

84.63 

TABULAR  SPAR. 

The  colour  of  this  mineral  Is  greyish  white, 
passing  more  or  less  Into  greenish,  yellowish, 
and  redish.  Its  structure  is  lamellar  in  one 
direction,  but  on  a near  examination  joints  may 
be  observed  parallel  to  the  sides  of  a slightly 
rhomboidal  prism,  with  further  indications  of 
joints  parallel  to  the  two  diagonals.  These  la- 
mellje  are  often  aggregated  into  coarsely  fibrous 
or  prismatic  distinct  concretions.  The  Iiostre 
of  the  recent  fracture  is  shining  and  pearly.  It 
is  translucent  and  moderately  hard.  Sp.  gr. 
2.86.  When  scratched  by  a point  of  Iron  In  the 
dark  it  becomes  phosphorescent.  When  thrown 
into  nitric  acid  ic  makes  a momentary  efferves- 
cence and  then  divides  into  grains.  It  is  com- 
posed, according  to  Klaproth,  of 
50.  Silex 
45.  Lime 
5.  Water 


100. 


It  has  been  found  only  at  Dognatska  in  the 
Bannat,  where  it  occurs  in  a vein  mixed  with 
bluish  lamellar  calcareous  spar  with  green  gar- 
nets. 

TOPAZ. 

The  mineral  described  by  Werner  under  the 


Fourth  Sulphuret  (natural) 
Common  Pyrites. 

Iron  46.98  — 100.00 

Sulphur  53.02  — 1 12.84 

See  Article  Afpinity  and  Iron,  in  (his 
Appendix. 


name  of  Schorlaceous  Beryl,  and  by  Haiiy  un- 
der that  of  Pycnite,  has  recently  been  discovered 
to  bear  a very  striking  analogy  to  topaz.  Its 
characters  in  brief  are  the  following.  Hardness, 
somewhat  superior  to  that  of  quartz  ; colour, 
yellowish,  greenish  and  redish-white,  more  or 
less  translucent.  It  occurs  either  massive  com- 
posed of  parallel  prismatic  concretions  witli 
transverse  rents,  or  crystallized  in  long  hexa- 
hedral  prisms.  Cross  fracture  imperfectly  foli- 
ated ; longitudinal  fi"acture  imperfectly  con- 
choidal,  with  a glistening  resinous  lustre : fragile. 
Sp.  gr.  3.3 

Not  electric  by  heat ; infusib'c  before  the 
blowpipe.  Has  been  analyzed  by  Klaproth  and 
Vauquelin  with  the  following  results. 


K. 

V. 

43. 

— SO. 

Silex 

49.5 

— 60. 

Alumlne 

0. 

— ^ 2. 

Lime 

4. 

— 6. 

Fluoric  acid 

I. 

— 1. 

Water 

I. 

— 0. 

Oxyd  of  Iron 

98.5 

99. 

It  occurs  in  Saxony,  Bohemia,  and  Moravia, 
imbedded  in  gneiss,  or  in  a rock  composed  of 
quartz  and  mica. 


ULMIN. 

This  name  has  been  given  by  Dr.  Thomson, 
to  a peculiar  gum-like  matter,  found  occasionally 
on  the  trunk  of  the  elm  tree,  which  was  first 
obscurely  noticed  by  Vauquelin,  as  contained 
in  a morbid  juice  flowing  from  the  tree;*  and 
afterwards  more  fully  analyzed  by  Klaproth, 
as  composing  a solid  matter  sent  to  this  emi- 
nent chemist  from  Palermo.  A substance  almost 
exactly  similar,  collected  from  an  elm- tree  at 
Plymouth,  has  since  been  analyzed  by  Dr. Thom- 
son ; * and  still  more  recently,  a portion  of  the 

* Ann.Chim.  tom.  21,  *’  Thomson’s  Ann; 


same  sample  that  was  examined  by  Klaproth, 
has  been  analyzed  by  Mr.  Smithson.  “ All 
these  so  nearly  agree  in  their  results,  that  the 
same  description  will  serve  for  all. 

Ulmin  is  a bright,  hard,  black  substance, 
breaking  with  a vitreous  fracture.  It  is  nearly 
tasteless.  When  heated  it  does  not  melt,  but 
swells  very  much.  It  readily  burns  at  the 
flame  of  a candle,  or  In  an  open  crucible,  and 
leaves  a white  alkaline  ash,  consisting  chiefly 
of  subcarbonat  of  potash,  of  which  the  potash 
alone,  according  to  Mr.  Smithson,  is  about  a 

i,  No.  1.  ' Ibid,  « Phi!.  Trans.  1813. 
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/Ifth  of  the  weight  of  the  ulmln  employed. 
Notwithstanding  this  great  proportion  of  alkali, 
the  solution  of  ulmin  itself  shews  little  if  any 
traces  of  free  alkali  by  its  effects  on  vegetable 
colours,  so  that  the  alkali  must  be  under  some 
form  of  combination  which  masks  its  peculiar 
characters,  though  the  nature  of  this  combi- 
nation is  unknown.  In  this  respect  however 
it  agrees  with  all  other  vegetable  matter,  yield- 
ing an  alkaline  ash  ; but  what  is  remarkable  is 
the  ready  formation  of  nitrat  or  muriat  of  pot- 
ash, by  adding  these  acids  to  the  watery  so- 
lution of  ulmin.  Ulmin  dissolves  readily  and 
copiously  in  water,  and  the  solution,  when 
evaporated  to  dryness,  is  equally  again  soluble 
in  water.  But  neither  alcohol  nor  ether  have 
any  action  on  ulmin,  and  in  this  respect  it 
differs  from  vegetable  extract,  which  readily 
dissolves  in  alcohol.  The  watery  solution  of, 


URINE.  Urea.  Uric  Acid. 

The  greater  part  of  the  extract  of  healthy 
urine  consists  of  f/rcr/,  which  is  separated 
(as  mentioned  under  the  article  Urine,  Ch.Dict. 
X'oL  2.)  in  the  form  of  light  pearly  scales  liko 
boracic  acid,  on  the  addition  of  a little  nitric 
acid. 

But  in  that  singular  disease,  the  diabetes 
mellitus,  the  urea  diappears  more  or  less  com- 
pletely, and  a true  saccharine  matter  takes  its 
place  in  the  extract  of  urine.  It  is  of  some 
importance  to  be  able  to  find  the  relative  pro- 
portions of  urea  and  sac''harine  matter  at  the 
time  w'hen  this  disease  is  not  fully  formed,  or 
when  it  is  giving  way  to  particular  modes  of 
treatment. 

Dr.  Henry  has  given  some  experiments  on 
this  point,  by  making  artificial  mixtures  of 
different  proportions  of  diabetic  sugar  and  ex- 


ulmin is  not  disturbed  by  solution  of  isinglass, ^**^ract  from  healthy  urine,  and  he  finds  that  this 


by  tincture  of  galls,  or  by  prussiat  of  potash. 
Green  sulphat  of  iron  gives  a copious  muddy 
brown  precipitate.  The  same  effect  is  pro- 
duced by  muriat  of  tin,  nitrat  of  mercury,  and 
superacetate  of  lead.  Common  spirit  of  wina 
does  not  disturb  the  watery  solution,  but  pure 
alcohol  separates  the  ulmin  almost  totally,  ac- 
cording to  Klaproth. 

Another  remarkable  character  of  ulmin  is 
this : when  nitric  or  muriatic  acid  is  poured 
into  the  watery  solution,  a copious  precipitate, 
resembling  a resin,  falls  down,  and  the  liquor 
affords,  on  evaporation,  nitrat  or  muriat  of  pot- 
ash, according  to  the  acid  used,  as  already 
mentioned.  This  resin-like  substance  differs 
from  the  entire  ulmin  in  being  soluble  in  al- 
cohol as  well  as  In  water,  but  in  each  ■spa- 
ringly. The  solution  In  water  is  much  helped 
by  the  addition  of  alkali,  and  the  liquor  then 
closely  resembles  the  original  ulmin. 

When  nitric  acid  is  added  to  a watery  solu- 
tion of  ulmin,  and  the  resinous  matter  thence 
produced  is  separated  by  the  filter,  the  remain- 
ing liquid,  when  evaporated,  furnishes  a yellow 
matter  that  deflagrates  vividly  when  heateil  to 
from  300°  to  400°  Fahr.  owing  to  the  intimate 
combination  of  the  nitre,  with  either  a portion 
of  the  resin  remaining  in  solution,  or  with  some 
other  combustible  matter  not  separable  by  this 
acid.  Ulmin  is  therefore  composed,  of  potash, 
of  a peculiar  resin-like  or  rather  extractive 
matter,  and  probably  of  some  other  vegetable 
principle  which  has  hitherto  not  been  produced 
in  its  separate  state. 


separation  of  scaly  crystals  of  urea,  on  adding 
nitric  acid,  does  not  appear  even  after  standing 
many  hours,  where  the  sugar  is  six  times  the 
quantity  of  the  extract. 

But  though  the  urea  under  these  circum- 
stances, cannot  be  obtained  in  a separate  state, 
its  existence  may  be  proved,  and  even  its  pro- 
portion estimated,  with  tolerable  accuracy,  by 
the  quantity  of  carbonat  of  ammonia  which  the 
extract  of  urine  will  yield  when  distilled  by  a 
boiling-water  heat;  for  Ades'rs.  Fourcroy  and 
Vauquelin  have  shewn,  that  urea  is  the  only 
animal  matter  hitherto  known,  which  can  be 
decomposed  and  yield  ammonia  at  so  low  a 
temperature;  and  nearly  the  whole' of  this  al- 
kali, produced  from  urine,  is  to  be  attributed 
to  decomposed  urea.  Hence  it  is  that  manu- 
facturers, who  distill  urine  for  the  ammonia, 
find  that  fresh  urine  yields  as  much  of  this 
alkali  as  when  putrid. 

Uric  Acid.  A memoir  has  been  published 
on  this  acid  by  Dr.  Henry,'’  who  has  given  a 
full  account  of  its  distinguishing  properties  and 
its  saline  compounds.  Dr.  H.  obtained  it  from 
that  species  of  urinary  calculus  which  is  com- 
posed chiefly  of  this  acid.  To  obtain  it,  let  the 
calculus,  finely  powdered,  be  dissolved  in  a 
heated  solution  of  pure  potash,  supersaturate 
the  liquid  with  muriatic  acid,  and  the  uric  acid 
will  fall  down  in  white  shining  plates,  which 
must  be  repeatedly  washed  with  distilled  water 
with  A little  carbonat  of  ammonia  added  to  the 
first  washings,  and  dried  at  a heat  not  exceeding 
boiling  water.  This  acid  will  redden  litmus. 


Mcdico-Chirurgical  Trans,  vol.  2. 
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but  lu3  no  sour  taste.  It  unites  with  the  pure 
allcalies  ami  saturates  them,  bat  will  not  cxpell 
the  carbonic  acid  from  the  carbonated  alkalies. 
When  a little  of  this  uric  aciil  is  heated  on  a bit 
of  glass,  w'ith  a few'  drops  of  nitric  acid,  and  eva- 
porated to  dryness,  the  residuum  has  a beautiful 
red  colour,  which  stains  animal  and  vegetable 
matter.  This  colour  is  destroyed  by  acids 
and  pure  alkalies,  and  is  not  restored  by  any 
known  re-agent.  This  singular  property  of 
reddening  w'hen  heated  with  nitric  acid,  is 
quite  characteristic  of  Uric  Acid,  but,  as  the 
author  asserts,  does  not  belong  to  Urea.  The 
uric  acid,  when  digested  in  substance  with  a 


solution  of  soap,  Is  more  copiously  dissolved 
than  it  could  be  in  water  alone,  and  in  this 
degree  of  concentration  it  decomposes  the  soap, 
separating  part  of  the  oil,  and  forming  a kind 
of  emulsion  with  the  rest  and  the  alkali. 

Caustic  potash  copiously  dissolves  uric  acid, 
but  this  solution  is  decomposed  by  all  acids, 
even  the  carbonic,  and  by  earbonat  of  ammonia. 
Where  less  acid  is  used  than  will  saturate  all 
the  alkali,  an  Insoluble  urat  of  potash  falls 
down,  but  where  an  excess  of  the  precipitating 
acid  is  used,  the  uric  acid  separates  singly. 
The  urats  are  all  insipid  and  little  soluble. 


w 

WAVELLITE.  ^ Hydrargilllte. 

This  substance  occurs  in  fibres  or  acicular 
four-sided  prisms,  sometimes  aggregated  into 
stalactitical  masses,  but  more  usually  diverging 
from  a common  centre,  and  either  separated  or 
adhering  to  each  other  by  their  sides,  composing 
hemispherical  concretions  of  various  sizes  up  to 
the  bulk  of  a small  hazel-nut.  The  colour  is 
greyish  greenish  or  yellowish  white,  and  often 
superficially  an  ochery  brown.  Its  lustre  is 
silky ; it  is  more  or  less  translucent,  and  is 
harder  than  calcareous  spar.  Sp.  gr.  about  2-1. 

It  is  infusible  per  sc,  but  by  a strong  heat 
becomes  white  and  opake.  It  Is  readily  melted 
by  the  assistance  of  borax. 

By  an  intense  heat  it  gives  out  nearly  3Q  per 
cent,  of  a somewhat  empyreumatic  and  slightly 
acidulous  water.  It  is  composed,  according  to 
Sir  H.  Davy,  of 


70.  Alumlne 
1.4  Lime 
20.2  Water 


07.6 
2.4  loss 


Subsequent  examination  has  since  detected  in 
It  a portion  of  fluoric  acid. 

It  was  first  discovered  by  Dr.  Wavel,  lining 
the  joints  and  forming  veins  in  a soft  argil- 
laceous slate  near  Barnstaple  In  Devonshire:  it 
was  next  found  by  Mr.  Gregor,  adhering  to 
quartz  crystals,  and  resembling  zeolite,  in  a 
mine  called  vStenna  Gw'yn  in  Cornwall.  It  has 
also  since  been  discovered  in  Ireland  near  the 
towm  of  Cork  ; and  the  stalactitical  variety  has 
been  brought  from  Brazil  by  Mr.  Mawe, 
WINE,  See  Alcohol, 
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ZINC. 

It  has  been  mentioned  in  our  former  article 
that  zinc,  though  but  Imperfectly  malleable 
when  cold,  is  very  compleatly  so  when  heated 
from  210°  to  300°,  so  as  to  allow  of  its  being 
beaten  out  or  laminated  into  very  thin  plates 
and  drawn  out  into  fine  wire.  It  appears  too 
that  the  zinc  after  having  been  thus  wrought, 
does  not  return  to  its  former  brittleness ; and 
hence  it  may  be  employed  with  equal  ease  as 
lead  or  copper  for  plating,  sheathing,  roofing, 
&c.  Laminated  zinc  does  not  readily  rust  in 
the  air  beyond  the  first  thin  hard  coating  of 
OKyd,  which  protects  the  metal  beneath  from 

» Phil.  Traus.  1805. 


the  further  action  of  the  air.  This  mode  of 
rendering  zinc  malleable  was  first  employed  in 
this  country  by  Messrs.  Hobson  and  Silvester 
of  Sheffield. 

Oxydntion  of  Zinc,  It  is  not  well  ascer- 
tained whether  there  is  more  than  one  oxyd  of 
zinc,  which  is  the  white  flocculent  oxyd  that 
rises  from  the  combustion  of  this  metal ; and  is 
also  the  same  that  enters  Into  the  composition 
of  all  the  salts  of  this  metal.  Proust  gives  the 
composition  of  this  oxyd  to  be  80  of  metal  and 
^0  of  oxygen.  Berzelius''  found  that  lO.-parts 
of  distilled  zinc  dissolved  in  nitric  acid  and  the 
solution  evaporated  and  ignited,  encreased  to 

An.  Chim.  tom.  81.  p.  24. 
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J2.44,  which  therefore  gives  for  the  compo- 
sition of  the  oxyd 

Zinc  . 80.39  — 100.0 

Oxygen  19. G1  — 24.4 


100.00 


124.4 


This  agrees  very  nearly  with  Proust. 

When  zinc  is  burned  in  chlorine  (oxymuriatic 
gas)  a gray  solid  semitransparent  substance  is 


formed,  usually  called  butler  of  zinc,  (^zincane 
of  Davy).‘  It  is  also  produced  by  heating  to- 
gether zinc  filings  and  corrosive  sublimate. 
This  has  a waxy  consistence,  fuses  at  about 
212°.  and  is  sublimed  at  less  than  a red  heat. 
It  is  composed  of  equal  parts  by  weight  of  zinc 
and  chlorine. 

Zinc  readily  alloys  with  potassium  and  so- 
dium. 


* Elements. 


ADDENDUM. 


IODINE. 

A new  and  very  singular  substance  has  lately 
been  discovered  in  France  by  M.  Courtois,  and 
a general  sketch  of  its  properties- has  been  given 
in  the  Moniteur  for  the  12th  of  December  last. 
A translation  of  this  paper,  with  some  facts  rela- 
tive to  the  preparation  of  this  substance  by  Dr. 
Thomson,  is  inserted  in  No.  14  of  the  Annals 
of  Philosophy,  from  which  this  account  is  chiefly 
extracted. 

The  substance  in  question,  Iodine,  is  pre- 
pared from  kelp  by  a very  simple  process.  The 
kelp  is  lixiviated  with  water,  and  the  solu- 
tion evaporated  to  dryness.  This  dry  salt  is  put 
into  a tubulated  retort,  with  a short  neck  fitting 
into  a large  globular  glass  receiver,  leaving  room 
for  the  air  to  escape : strong  sulphuric  acid  is 
poured  on  the  salt  through  the  tubulure  of  the 
retort,  a violent  effervesence  ensues,  and  a violet 
coloured  gas  is  driven  olF  in  abundance,  which 
condenses  on  the  receiver  into  shining  crystallized 
spiculae  of  a metallic  appearance,  somewhat  re- 
sembling very  fine  plumbago.^  This  substance  is 
Iodine,  so  called  from  the  violet  colour 
which  it  assumes  when  in  vapour,  and  may  be 
washed  out  of  the  receiver  with  water. 

Instead  of  using  the  entire  saline  contents  of 
kelp,  the  solution  may  be  boiled  down  and  crys- 
tallized, and  the  mother  water  of  these  first 
crystals,  separately  evaporated  to  dryness,  will 
yield  the  iodine  more  abundantly  than  the  whole 
salt.  Neither  the  first  crystals  of  the  solution 


of  kelp,  nor  the  residue  insoluble  in  water,  will 
afford  any  iodine. 

Iodine  is  an  opake  shining  solid,  permanent  at 
a moderate  temperature.  When  heated  to  about 
the  temperature  of  boiling  water  it  totally  evapo- 
rates, forming  a beautiful  violet  coloured  vapour, 
which  immediately  again  condenses  unchanged 
on  the  cooler  part  of  the  vessel. 

7'he  chemical  properties  of  iodine  hitherto 
discovered  are  very  curious.  It  possesses  in  a 
high  degree  the  electrical  properties  of  oxygen 
and  oxymuriatic  acid,  and  when  combined  with 
hydrogen  it  forms  a peculiar  acid  very  soluble 
in  water,  capable  of  assuming  the  gasseous 
form,  and  bearing  the  same  relation  to  iodine 
that  muriatic  acid  does  to  chlorine.  The  action 
of  the  different  reagents  on  iodine  will  be  the 
easiest  understood  by  the  reader  by  bearing  this 
relation  in  mind. 

When  dry  iodine  and  phosphorus  are  placed 
in  contact,  a reddish-brown  substance  is  pro- 
duced, -and  no  gas  is  given  out.  When  just 
moistened,  copious  acid  fumes  appear,  which 
form  a permanently  elastic  acid  gas.  The  same 
acid  is  produced  in  liquid  solution  when  the 
phosphorus  and  iodine  are  combined  under 
water.  In  either  case  phosphoreous  acid  is 
generated,  together  with  the  peculiar  acid  of 
iodine.  If  the  iodine  much  exceeds  the  phos- 
phorus, a red  insoluble  compound  of  the  two  is 
produced,  but  when  the  proportions  are  properly 
adjusted,  the  whole  resolves  into  a limpid  acid 
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liquid,  containing  only  phosphoreous  acid  and 
the  acid  of  iodine  dissolved  in  water.  These 
may  be  separated  by  distillation.  The  first 
liquor  that  condenses  is  mere  water,  but  when 
the  contents  of  the  retort  become  very  concen- 
trated, the  acid  of  iodine  distills  over,  and  at 
last  only  phosphoreous  acid  remains,  which 
gives  out  abundance  of  phosphuretted  hydrogen. 

This  may  be  explained  on  Sir  H.  Davy’s 
theory,  by  supposing  that  dry  phosphorus  and 
iodine  simply  combine  into  a compound  analo- 
gous to  that  of  phosphorus  and  chlorine ; but 
when  water  is  present  it  is  decomposed,  its 
oxygen  acidifying  the  phosphorus,  and  its  hy- 
drogen acidifying  the  iodine  in  the  same  way  as 
hydrogen  is  supposed  to  convert  chlorine  into 
muriatic  acid. 

The  acid  of  iodine  when  gasseous  is  without 
colour,  has  nearly  the  smell  of  muriatic  acid, 
smokes  when  exposed  to  the  air,  is  rapidly  ab- 
sorbed by*  water,  and  gives  a beautiful  purple 
vapour  with  oxymuriatic  gas.  This  acid  gas 
when  shaken  with  mercury  is  speedily  and  to- 
ttilly  decomposed,  a greenish-yellow  substance 
similar  to  the  compound  of  iodine  and  mercury 
is  formed,  and  hydrogen  is  evolved  equal  in 
volume  to  half  the  acid  gas. 

Iron  and  zinc  produce  a similar  effect. 

The  liquid  acid  of  iodine  obtained  by  dis- 
solving the  gas  in  water  is  a dense  fluid,  not 
very  volatile,  which  rapidly  decomposes  the 
alkaline  carbonates,  dissolves  iron  and  zinc  with 
disengagement  of  hydrogen,  but  does  not  attack 
mercury  even  when  heated,  forms  a soluble  salt 
with  barytes,  and  a red  precipitate  with  corro- 
sive sublimate.  Heated  with  the  black  oxyd  of 
manganese,  with  minium,  or  with  the  brown 


oxyd  of  lead,  it  so  far  reduces  these  oxyds  as  to 
bring  them  to  a state  of  solubility  in  acids,  and 
iodine  is  disengaged.  This  partial  reduction  of 
the  oxyds  and  total  reduction  of  the  acid  of 
iodine  appears  therefore  to  be  owing  to  the 
transfer  of  the  hydrogen  of  the  latter  acid  to  the 
metallic  peroxyd  and  consequent  production  of 
an  equivalent  portion  of  water.  The  red  oxyd 
of  mercury  however  does  not  regenerate  iodine. 
When  this  acid  is  dissolved  in  water  and  ex- 
posed to  galvanic  action,  iodine  appears  at  the 
positive  pole.  The  acid  of  iodine  is  not  readily 
expelled  from  its  compounds  in  its  acid  state. 
Thus  when  sulphuric  acid  is  added  to  the  salt 
formed  by  acid  of  iodine  and  potash,  iodine 
alone  is  disengaged,  and  sulphureous  acid  unites 
with  the  alkali. 

Sulphuretted  hydrogen  speedily  deprives 
iodine  of  its  colour,  converts  it  to  acid  of  iodine, 
and  sulphur  is  deposited. 

Iodine  does  not  decompose  water  at  any  tem- 
perature. It  combines  with  most  metals  with- 
out disengaging  any  gas.  It  dissolves  in  about 
a fifth  of  hs  weight  of  zinc.  When  this  com- 
pound is  heated  under  water  nothing  is  disen- 
gaged, but  a limpid  solution  is  gradually  formed, 
from  which  the  alkalies  separate  an  oxyd  of  zinc. 
Part  of  the  water  therefore  appears  to  have  been 
decomposed,  its  hydrogen  acidifying  the  iodine, 
and  its  oxygen  oxydating  the  zinc. 

All  these  phenomena  may  he  explained,  as 
Dr.  T,  observes,  either  by  supposing  iodine  to 
be  an  element  and  to  form  an  acid  by  combining 
with  hydrogen  : or  by  supposing  the  acid  of 
iodine  to  be  a compound  of  water  and  an  un- 
known base,  and  iodine  to  be  this  base  united  to 
oxygen. 


r I N I s. 


London ; 

Printed  by  W.  Phillips,  George  Yard,  Lombard  Street. 


I 


APPENDIX,  No.  II 


CONTAINING 


TABLES  OF  WEIGHTS  AND  MEASURES— English  and  Foreign 
OF  CHEMICAL  INSTRUMENTS; 

OF  THE  COMPOSITION  OF  ACIDS  AND  SALTS; 

AND  OF  CHEMICAL  AFFINITIES. 


. 3 Z 


I 


CONTENTS  OF  APPENDIX  II. 


Page 

547  Of  the  Englifh  rneafurcs  of  weight  and  capacity 

548  Table  for  converting  cubic  inches  of  diftilled  water  into  troy  grains 

— Table  for  converting  troy  grains  of  water  into  cubic  inches 

549  Table  for  converting  wine  pints  of  water  into  troy  and  averdupois  pounds 
Table  for  converting  troy  pounds  of  water  into  wine  pints 

Table  for  converting  troy  into  averdupois  pounds 

Table  for  converting  averdupois  into  troy  pounds 

550  Table  for  converting  averdupois  ounces  into  decimals  of  the  averdupois  pound 

■  Table  for  converting  decimals  of  the  averdupois  pound  into  averdupois  ounces 

— - Table  for  converting  troy  ounces,  drams,  and  grains,  into  decimals  of  the  troy  pound 

551  Table  for  converting  decimals  of  the  troy  pound  into  troy  ounces,  drams,  and  grains 

■  Of  the  old  French  weights  and  meafures 

552  Table  for  converting  French  grains,  gros,  ounces  and  pounds  into  troy  weight 

553  Table  for  converting  French  feet  and  inches  into  Englilh  feet  and  inches 
Table  for  converting  French  cubic  inches  into  Englifh  cubic  inches 

554  Of  the  old  French  wine  and  corn  meafure,  with  their  correfponding  Englifh  mcafures 
• — Of  the  new  French  metrical  fyftem 

555  Table  for  converting  the  French  metre,  &c.  into  Englifh  feet  and  inches 

Table  for  converting  the  litre  Into  Englifh  cubic  inches,  pints,  and  troy  ounces 

Table  for  converting  the  gramme  into  troy  and  averdupois  weight 

556  Of  German  weights  and  meafures 

657  Table  for  converting  the  Nuremberg  pound,  &c.  into  Englifh  troy  weight 

— Table  for  converting  the  Cologne  mark,  &c.  into  Englifh  troy  weight 
958  Table  for  converting  the  Rhinland  foot,  &c.  into  Englifh  meafure 
Table  for  converting  the  cubic  Rhinland  inch  into  Englifh  cubic  inches 

559  Tables  of  comparifon  for  Fahrenheit’s,  Reaumur’s,  and  the  Centigrade  thermometers 

563  Tables  for  reducing  the  degrees  of  Beaumes  hydrometer  to  the  common  expreflion  of  fpecific  gravity 

566  Table  of  the  fpecific  gravity  of  water  at  different  temperatures 

567  Tables  of  the  quantity  of  real  acid  in  100  parts  of  fulphuric,  nitric,  and  muriatic  acids 

570  Table  of  the  quantity  of  real  acid  taken  up  by  alkalies  and  earths 
Table  of  the  quantity  of  alkalies  and  earths  taken  up  by  real  acids 

571  Tables  of  fimple  affinity 


APPENDIX,  No.  II 


OF  ENGLISH  WEIGHTS  AND  MEASURES. 


The  weights  and  measures  required  by  the  chemift  are  few  and  fimple,  but  they  fhould  be 
accurate,  and  their  relative  values  well  defined. 

For  the  meafure  of  weight,  the  Troy  pound  of  I2  ounces,  or  5760  grains,  is  the  integer 
almoft  always  preferred,  being  that  which  admits  of  a minuter  fubdivifion,  and  whofe  cor- 
refpondences  with  meafures  of  capacity  are  more  accurately  defined ; though  there  are  ftill  fome 
flight  differences  in  this  refpedl  which  it  were  to  be  wifhed  were  removed  by  authority.  The 
labdivifions  of  the  Troy  ounce  employed  by  chemifts  are  fometimes  thofe  of  Apothecaries  weight, 
that  is,  the  ounce  into  8 drams,  the  dram  into  3 fcruples,  and  the  fcruple  into  20  grains,  or  more 
commonly,  Amply  into  drams  and  grains  ; or  fometimes  the  ounce  is  divided  into  20  penny- 
weights, and  the  pennyweight  into  24  grains.  Often  the  grain  is  the  only  integer  employed, 
and  fets  of  weights  are  ufed  of  the  different  hundreds,  tens,  and  units.  The  averdupois  pound 
is  however  fometimes  adopted,  being  the  ftandard  of  moft  things  bought  and  fold  in  common  life. 
It  is  equal  to  7000  grains  Troy,  and  is  divided  into  16  ounces,  and  the  ounce  legally  into  16 
drams,  but  the  latter  divifion  is  never  ufed  by  chemifts,  being  liable  to  be  miftaken  for  the  Troy 
dram,  which  weighs  more  than  tvy-ice  as  much. 

For  meafures  of  capacity,  chemifts  employ  both  the  ounce  meafure  (or  bulk  occupied  by  the 
ounce,  or  any  proportion  of  it,  of  diftilled  water  at  60°)  and  the  ciihic  inch.  For  larger  quantities 
both  the  Wine  Pitrt  of  28,875  cubic  inches,  and  the  Ale  Pint^  of  35.25  cubic  inches  are  ufed. 
Two  pints  make  a Quarts  and  four  quarts  make  a Gallon. 

The  correfpondence  between  meafures  of  weight  and  capacity  is  found  by  the  w^eight  of  a 
cubic  inch  of  water.  In  this  however  a flight  diference  exills,  in  authorities  apparently  equally 
worthy  of  confidence,  which  depends  partly  on  the  extreme  difficulty  of  conftrudling  inftruments 
of  perfedl  accuracy,  and  partly  on  fome  flight  difcrepancy  between  the  ftandards  themfelves. 
The  extent  of  this  difference  is  about  half  a grain  in  253.  We  have  adopted  in  the  following 
Tables  the  eftimations  given  by  Sir  G.  Shuckburgh  Evelyn,  in  the  88th  vol.  of  the  Philofophical 
Transaftions,  corrected  in  a fubfequent  paper  by  Mr.  Fletcher,  in  the  4th  vol.  of  the  Philofo- 
phical Journal.  On  this  calculation  the  cubic  inch  of  diftilled  water  at  60°.  therm,  and  29.5  bar. 
weighs  252.506  grains  Troy.  ' 


Hence  we  have  the  following  equations. 

■ Cubic  hich. 

I ounce  Troy  of  water  at  60®  occupies 

- - - - 

- 1.900945 

, 

grs.  Troy. 

lb.  Troy. 

lb.  Averdu. 

1 Wine  pint  of  water  weighs  - - - 

7291. 1 1075 

= 1.26581783 

— 1.04158725 

grs.  Troy. 

lb.  Troy. 

lb.  Averdu. 

I Ale  Pint  of  water  weighs  - - - 

8900.8365 

=:  1.545284 

= 1.271548 

Wine  pint. 

Ale  pint. 

I lb.  Troy  of  water  occupies  - - - 

.7900031 

— .6471302 

Wine  pint. 

Ale  pint. 

1 lb.  Averdupois  of  water  occupies  - 

.960073 

— .7864429 

3^2 

•l 
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We  may  here  notice  the  very  common  error  of  eftimating  a vinne  pint  of  water  to  he  equal  to 
i6  ounces  Troy,  fmce  it  wants  as  much  as  ;i8Q  grs.  of  i6  ouncesj  when  the  cubic  inch  is 
cftimated  at  252.506  grs.  and  375  grs.  when  the  cubic  inch  is  reckoned  at  253  grs.  which  is  the 
highefl:  eftimation.  Neverthelefs  as  feveral  meafuring  vdTels  are  thus  graduated,  and  as  the 
adoption  of  this  ftandard  would  be  extremely  convenient,  this  rneafurement  may  be  often  ufe- 
fully  employed  for  moderate  quantities  5 but  the  chemift  fhould  then  exprefs  that  he  ufes  the 
pint  of  16  ounces  Troy. 


TABLE 

For  converting  Cubic  Inches  of  Water  (at  60  Therm,  and  29.5.  Bar.)  into  their  equivalents 

in  Troy  weight. 


Cub.  Inch  of  TP ater 

Troy  s^rs. 

oz. 

dram 

grs. 

I . w'eighs 

252.506 

22  0 

: 4 : 

12.506 

2. 

505.012 

22  I 

: 0 : 

25.012 

3- 

757-518 

==  I 

: 4 : 

37-518 

4. 

ioro.024 

22  2 

: 0 : 

50.024 

5- 

1262.530 

22  2 

•-  5 : 

2.530 

6. 

1515.036 

3 

: I y 

15.036 

7- 

. 1767-542 

= 3 

: 5 : 

27.542 

8. 

2020.048 

==  4 

: I : 

40.048 

9- 

1728.  (i  cub.  foot) 

2272.554 

= 4 
909 

: 5 : 
: 0 : 

52.554 

10.368 

TABLE 

For  converting  Troy  grains,  drams,  ounces,  and  pounds  of  Water  into  their  equivalent 

Cubic  Inches. 


Grain  Cubic  Inch 

1.  m .00396 

2.  .00792 

3.  2:1  .01188 

4.  — .01584 

5.  =2  .01980 

6.  — .02376 

7.  2T  .02772 

8.  2T  .03168 

9.  = .03564 


Dram  Cubic  Inch 

1.  = .237618 

2. -—  .475236 

3.  = .712854 

4.  .950472 

5.  zr  1,188090 

6.  2=  1.425708 

7.  2=  1.663326 


Ounce  Cubic  Inch 

1.  22:  1.900945 

2.  = 3.801890 

3.  =2  5.702835 

4.  22:  7.603780 

5.  2=  9.504725 

6.  22:  11.405670 

7.  22  13.206615 

8.  22  15.207560 

9.  22:  17.108505 

10.  22  19.009450 

11.  22  20.91039^ 


Pound  Cubic  Inch 

1 :=  22.81134 

2 22  45.62268 

3 = 68.43402 

4 22  91.24536 

5 22  114.05670 

6 22  136.86804 

7 = 159-67938 

8 22  182.49072 

9 22  205.30206 
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TABLE 

For  converting  Wine  Pints  of  Wafer  into  their  equivalent  Troy  and  AverWupols  Pounds. 


Wine  Pints  lbs.  Tro^ 

1.  rr:  1.26581783 

2.  = 2.53163566 

3.  =:  3.79745349 

4.  = 5.06327132 

5.  — 6.32908915 

6.  r=:  7.59490698 

7.  8.86072481 

8.  ro. 1 2654264 

9.  = 11.39236047 


lbs. 

oz. 

dr. 

I 

3 

I 

2 

6 

3 

3 - 

9 

4 

5 

0 

6 

6 

3 

7 

7 

7 

I 

/ 

8 

10 

2 

10 

I 

4 

II 

4 

5 

grs.  lbs.  averdup. 
31. I n:  1.04158725 
2.2  = 2.08317450 
33-3  = 3-12476175 
4.4  rr  4.16634900 
35.5  = 5.20793625 
6.6  HZ  6.24952350 
37.7  =:  7.29111075 
8.8  zH  8.33269800 
39-9  = 9-37428525 


TABLE 

For  converting  Troy  Pounds  of  Water  into  their  equivalent  Wine  Pints. 


Troy  Pound  fVine  Pints 

1.  zzz  0.7900031 

2.  1.5800062 

3*  = 2.3700093 

4.  zzz  3.1600124 

5.  = 3*9500155 


Troy  Pound  Wine  Pints 

6.  ZH  4.7400186 
7*  = 5*5300217 

8.  ZH  6,3200248 

9.  = 7.1 100279 


TABLE 

For  converting  Troy  Pounds  into  their  equivalent  Averdupois  Pounds. 


Ihs.  Troy  Ihs.Averdups, 

1.  zz:  0.82285714 

2,  zz:  1.64571428 
3*  = 2.46857142 

4.  = 3.29142857 

5.  =z  4.11428571 


lbs.  Troy  lbs.  Avcrdups. 

6.  = 4*93*714285 

7.  zz:  5.76000000 

8.  zz  6.58285714 

9.  zz  7.40571428 


TABLE 

For  converting  Averdupois  Pounds  into  their  equivalent  Troy  Pounds. 


Ibs.Averd.  lbs.  Troy 

Ibs.Averd.  lbs.  Troy 

I.  zz  1.215277 

6.  zz  7.291666 

2.  = 2.430555 

7*  = 8.506944 

3.  zz  3.645833 

8.  zz  9.722222 

4.  zz  4.861111 

9.  = 10.937500 

5.  z:  6.076388 
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TABLE 

For  converting  Averdupois  Ounces  into  Decimals  of  the  Averdupols  Pound. 


z.  Av.  lbs.  Av. 

Oz.  Av. 

lbs.  Av. 

.25  22  .015625 

8.00 

22  .5000 

.50  22  .03125 

9.00 

22  .5625 

I. 00  22  .0625 

10.00 

22  .6250 

2.00  22  .1250 

1 1. 00 

22  .6875 

3.00  22  .1875 

12.00 

=:  .7500 

4.00  22  .2500 

13.00 

22  .8125 

5.00  22  .3125 

14.00 

= .8750 

6.00  =:  .3750 

15.00 

= -9375 

7.00  22  .4375 

TABLE 

For  converting  Decimals  of  the  Averdupois  Pound  into  Averdupois  Ounces  and  Decimals. 


Av. 

oz.Av. 

Ibs.Av. 

oz.Av. 

I 22 

1.6 

.01 

.16 

3*2 

.02 

•32 

3 = 

4.8 

•03 

.48 

4 = 

6.4 

.04 

.64 

5 = 

8.0 

.05 

.80 

6 22 

9.6 

.06 

.96 

7 = 

II. 2 

.07 

1. 12 

8 22 

12.8 

.08 

1.28 

9 = 

14.4 

0.9 

1.44 

TABLE 

For  converting  Ounces,  Drams  and  Grains  Troy  into  Decimals  of  the  Troy  Pound. 


Grain  lbs.  Troy 

1.  = .000173611 

2.  .000347222 

3.  = .000520833 

4.  = .000694444 

5.  = .000868055 

6.  nz:  .001041666 

• 

y.  = .001215277 

8.  = .001388888 

9.  = .001562500 


Dram  lbs.  Troy 

1.  = .0104166 

2.  =r  .0208333 

3.  =:  0312500 

4.  2=  .0416066 

' 5*  = .0520833 

6.  = .0625000 

7.  =2  .0729166 


Oz.  lbs.  Troy 

1.  = .0833 

2.  22  .1666 

3 = .2500 

4 = -3333 

5 22:  .4166 

6 22  .5000 

7 = -5833 

8 2=  .6666 

9 2=  .7500 
10  22  .8333 

22  .9166 


II 
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TABLE 

For  converting  Decimals  of  the  Troy  pound  into  Troy  Ounces,  Drams,  and  Grains. 


lb. 

oz. 

dr. 

grains 

Ih. 

o'z. 

dr. 

grains 

lbs. 

grains 

.1  zz 

I 

I 

36 

.01 

— 

0 

0 : 

57.6 

.001 

— 

5.76 

.2  zz 

2 

3 

12 

.02 

— 

0 

I : 

55-2 

.002 

11.32 

•3  = 

3 

4 

48 

•03 

0 

2 : 

52.8 

.003 

— 

17.28 

.4  = 

4 

6 

24 

.04 

0 

3 •• 

50.4 

.Q04 

in 

23.04 

•5  = 

6 

0 

0 

•05 

0 

4 : 

48.0 

.005 

zz 

28.80 

.6  =: 

7 

I 

36 

.06 

0 

5 : 

45.6 

.006 

— 

34.56 

•7  = 

8 

3 

12 

.07 

0 

6 : 

43-2 

.007 

— 

40.32 

.8 

9 

4 

48 

.08 

— 

0 

7 : 

40.8 

.008 

— 

46.08 

•9 

10 

6 

24 

.09 

— 

0 

8 : 

38.4 

.009 

~ 

51.84 

FRENCH  WEIGHTS  AND  MEASURES. 

THE  numerous  and  valuable  refearches  of  French  authors  in  every  branch  of  chemiftry 
require  a knowledge  in  the  reader  of  the  weights  and  meafures  commonly  employed  by  them ; 
which  is  more  particularly  necelTary  as  the  denominations  common  to  feveral  meafures  in  both 
countries  exprefs  very  different  quantities  both  abfolutely  and  relatively,  which  fometimes  leads 
to  very  ferious  miftakes.  Thus  the  French  pinte  is  equal  to  nearly  two  Englifh  pints  : the  gros  or 
eighth  of  an  ounce  contains  72  grains,  whereas  our  dram,  which  is  ufually  reckoned  as  its  equi- 
valent, contains  only  60  grains  : the  French  grain  is  of  lefs  abfolute  weight  than  the  Englifh 
grain,  but  the  French  inch  is  longer,  and  hence  the  fame  proportion  does  not  hold  in  the  two 
countries  between  the  meafures  of  weight  and  capacity. 

The  ftandards  of  weight  and-meafure  were  totally  changed  in  France  about  the  year  1794, 
nearly  at  the  time  that  fimilar  changes  were  introduced  in  the  divifions  of  the  year,  but  though 
the  notation  of  time  has  now  returned  to  its  ancient  courfe,  the  fyflem  of  weights  and  meafures 
appear  ftill  to  keep  their  ground,  and  are  adfually  adopted  in  all  chemical  writings.  It  is  highly 
neceffary,  however,  to  give  the  old,  as  well  as  the  new  fyftem  of  menfuration,  as  the  moft  nume- 
rous, and  as  yet  the  moft  important,  refearches,  fuch  as  thofe  of  Lavoifier,  Beaume,  Macquer, 
&c.  were  made  before  the  prefent  fyftem  was  adopted. 

We  poffefs  very  accurate  ftandards  of  comparifon  between  the  French  weights  and  meafures 
and  our  own,  the  old  French  having  been  carefully  compared  with  the  Englifti  ftandards  by  a 
commillion  from  the  Royal  Societies  of  each  country  in  the  year  1752 ; and  the  modern  French 
metre  having  been  compared  with  equal  accuracy  with  the  Englifti  inch  by  Profr.  Pitlet  in  1801, 


The  old  French  weights  and  meafures  are  the  following ; 

The  pound  [poids  de  marc)  contains  9216  grains,  and  is  divided  into  16  ounces,  the  ounce  into 
8 gros,  and  the  gros  into  72  grains : or  as  follows  ; 


grains  - 


24  = 
72  1= 


9216  = 


I denier 


192  =: 

384  = 


I gros 

8 = I ounce 

64  — 8 iz:  I marc 

128  zz  16  zz  2 zz  pound 


( 
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lb,  troy 

The  French  pound  is  equal  to 

7561.  troy  grains  = 

1.31268 

oz.  troy 

The  French  ounce  is  zr 

472.5625  d°  = 

.984504 

dram 

The  French  gros 

59.0703125  d®  = 

.984504 

The  French  grain  rr 

0.820421  d* 

The  troy  pound  is  equal  to 

7021.  French  grains 

The  averdupois  pound  rz 

8538.  d» 

In  the  redudlion  of  the  French  into  Englifh  meafure,  the  following  Table  will  aflift. 


French  grains 

Troy  grains 

I. 

0.820421 

2. 

— 

1.640842 

3- 

2.461263 

4- 

— 

3.281684 

5- 

_ 

4.102105 

6. 

— 

4-922526 

7- 

5-742947 

8. 

6.563368 

9- 

— 

7-383789 

10. 

— 

8. 

20421 

20. 

— 

16.40842 

30- 

zz 

24.61263 

40. 

\ — 

- 32.81684 

50- 

— 

41.02105 

60. 

— 

4g.22S 26 

70. 

57-42947 

72. 

59.070312 

gros 

drams 

grs. 

I 

0 

59.07 

2 

— 

I 

58.14 

3 

— 

2 

57.21 

4 

— 

3 

56.28 

5 

4 

55-35 

. 6 

— 

5 

54.42 

7 

6 

53-49 

French  oz. 

Troy  oz. 

drams 

grains 

1. 

— 

0 

7 

52.56 

2. 

— 

I 

7 

45-12 

3- 

— 

2 

7 

37.68 

4- 

— 

3 

7 

30-24 

=■ 

4 

7 

22.80 

6. 

5 

7 

15-36 

7- 

6 

7 

7.92 

8. 

— 

7 

7 

0.48 

9- 

8 

6 

53-04 

10. 

9 

6 

45-60 

II. 

~ 

10 

6 

38.16 

12. 

II 

6 

30.72 

*3- 

— 

12 

6 

23.28 

14. 

— 

13 

6 

15.84- 

15- 

14 

6 

8.40 

Pounds 

1. 

— 

15 

6 

I 

2. 

z= 

31 

4 

2 

3- 

47 

2 

3 

4- 

63 

0 

4 

5- 

78 

6 

5 

6. 

— 

94 

4 

6 

7- 

— 

no 

2 

7 

8. 

zz 

126 

0 

8 

9- 

— 

141 

6 

9 

The  French  toife  (which  correfponds  with  our  fathom)  contains  6 feet,  the  foot  is  divided  inter 
12  inches,  and  the  inch  into  12  lines. 


e 


The  French  half-toife  was  found  by  the  authentic  meafurement  of^the  French  academy  to  be 
qual  to  38.355  Englifli  inches  j and  hence 

Englifh  foot 

The  French  foot  Is  equal  to  12.785  Englifh  inches,  or  to  1.0654167 


French foot 

The  Englifh  foot  ~ 1 1.2632  French  inches,  or  to  .9386 


The  fub-dIvi(ions  of  the  foot  being  the  fame  in  both  countries,  their  relative  proportions  are 
alfo  the  fame;  fo  that  the  French  inch  1.0654167  Englifh  inches; — and  the  Englifh 
inch  r::  .9386  French  inches. 

feet  inch  lines  Eng.  inches 

The  old  French  ell  {Aune)  = 3:7:  10.5  French,  =:  46.69 


Trench  feet 

I. 

2 

3 

4 

-5 

6 

7 

8 

9 

lO 


Englifh  inches 
12.785 
25.570 

38-355 

51.140 

63.925 

76.7.10 

89.495 

102.280 

115.065 

127.850 


The  French  fquare  foot  or  incli 
T he  Englifh  fquare  foot  or  inch 
The  French  cubic  foot  ov  inch 
The  Englifli  cubic  foot  or  inch 


( ) 

Fr.  feet  or  inches  Eng.  feet  or  inches 


I 

— 

1 .0654"+ 

2 

2.1308 

3 

— 

3.1962 

4 

“ 

4.2616 

5 

::::z 

5.3270 

6 

6.3925 

7 

7-4579 

8 

8.5233 

9 

zr: 

9.5887 

10 

zn 

10.6541 

1 1 

11.7195 

12 

12.7850 

1.13510 

Englifh  fquare  foot  or  inch 

.88126 

French  fquare  foot  or  inch 

1.209367 

Englifli  cubic  foot  or 

inch 

.8268784  French  cubic  foot  or 

inch 

Trench  cube  foot  or  i/uh 

1 = 

2 = 

3 = 

4 = 

5 = 


Eng.  cube foot  or  inch 
1.2093+ 

2.4187 

3.6281 

4-8374 

6.0468 


French  cube  foot  or  inch 

7 = 

8 = 

9 = 

10  :i 


Eng,  cube  foot  or  inch 
7.2562 
8.4655 
9.6749 
10.8842 
12.0936 


When  one  French  cubic  Inch  weighs  i grain  French,  or  contains  i gr.  of  any  other  fubftance, 
I Englifh  cubic  inch  of  the  fame  weighs  or  contains  ..67839  Eng.  grain. 

For  meafures  of  capacity  the  old  French  was  (as  in  this  country)  different  for  dry  meafurc 
and  for  liquids.  The  common  integer  for  moderate  quantities  of  liquids  was  the  Pinte,  which 
is  a little  more  than  a quart  Englifh  wine  meafure.  The  Chopine  is  half  the  PintCy  and  the  Poifon 
is  a quarter  of  the  Chopine.  For  larger  meafures,  8 Pintes  make  a Septier  or  Velte  and  36  Veltes 
make  a Muid  de  Vin  Paris  meafure,  for  in  the  provinces  both  the  divlfions  and  their  value  were 
different.  There  appears  alfo  to  have  been,  even  in  Paris,  precifely  the  fame  kind  of  variation 
in  the  eflimation  of  the  Pinte  as  obtains  in  this  country  with  the  -wine  pint.  The  French  Pinte 
appears  to  have  been  legally  equivalent  to  48  Fr.  cubic  inches,  and  then  -was  exadfly  of  the 
Muidy  which  was  8 cubic  feet.  But  Beaume,  and  probably  the  other  apothecaries  of  Paris  (a 
body  of  men  abounding  in  excellent  and  eminent  chemifts)  make  the  Pinte  equal  to  32  French 
-ounces  of  water  at  the  freezing  point.  The  refpedfive  valuations  of  the  Pinte  will  therefore  be 
as  follows : 

otc,  lbs.  troy  En.  cub, inch  Fr.cuh.in.  Eng. wine  pint 

The  pinte  of  32  = 2.62536  =r  59.888  = 49.52  = 2.07404 

cub.inch  Eng.cub.inch 

The  pinte  of  48  =:  58.0489  = * . ..  ..  2.01035 

difference  .06369,  equal  to 

about  7 drams,  40  grs.  Troy  of  water. 

This  difference  of  nearly  an  ounce  in  a quart  is  fufficiently  great  to  be  often  felt  in  the  com- 
parlfon  of  experiments.  The  Pinte  of  48  Fr.  cubic  inches  appears  for  another  reafon  to  be  the 
legal  flai  dard,  fifice  it  is  thus  given  in  the  comparifon  of  the  old  with  the  new  French  weights. 
The  Pinte  is  there  ftated  to  be  equal  to  .9512  of  a Litret  which  is  equal  to  2,01038  Englifh* 
wine  pints. 
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For  dry  meafure  tHe  French  ufed  the  Litron,  BoiJJeau,  Mimty  Afine,  and  Setter  de  Bled. 
The  Litron  is  36  Fr.  cubic  inches,  equal  to  1.4652  Eng.  wine  pint.  The  Minot  of  1728 
Fr.  cub.  inch  is  equal  to  1^2099  Winchefter  bulhel  of  21 10.4  Eng.  cub.  inch. 


The  following  are  the  fubdivifions  of  the  old 
Poifon 

4=  I Chopine 
8=  2=  I Pinte 

64=  16—  8=  I Septier  or  velte 

2304=^576—288—  36=1  Muid  de  vin 


French  wine  and  corn  meafure. 

Litron 

4—  I Quart 
16—  4.—  1 Bollleau 
48=12=  3=1  Minot 
96=24=  0=2=1  Mine 
192=48=12=4=2=1  Seller  de  Bled 


A totally  new  fyftem  of  weights  and  meafures  has  been  introduced  into  the  French  empire, 
and  is  that  in  which  moft  of  the  expreffions  of  quantities  in  chemical  experiments  are  now 
made.  It  is  therefore  neceflary  in  this  place  to  give  their  correfpoiiding  quantities  in  Englifli 
meafures. 

The  new  French  metrical  fyftem.  Is  founded  on  a fingle  ftandard  of  length  which  is  called 
the  Metre,  and  is  the  ten  millionth  part  of  the  arc  of  the  meridian  which  extends  from  the 
Equator  to  the  Pole,  as  determined  by  the  aftual  meafurement  of  a tenth  of  this  arc,  between 
Dunkirk  and  Barcelona  by  feveral  eminent  French  aftronomers.  The  metre  Is  equal  to  36.9413 
French  inches,  which  is  equal  to  39.38272  Englifti  inches,  the  ftandards  of  each  being  at  the 
temperature  of  melting  ice  or  32“  Fahr.  But  as  the  ftandards  in  this  country  are  always  referred 
to  the  temperature  of  60°  or  62°,  (and  the  latter  Is  now  preferred)  the  expanfion  of  brafs  (which 
is  the  material  of  which  the  ftandards  are  made)  from  32®  to  62°  muft  always  be  taken  into 
account ; for  it  Is  obvious  that  if  the  Englifti  ftandard  is  at  62°  and  the  French  at  32°,  the  latter 
will  meafure  a lefs  quantity  of  the  former  than  if  both  were  at  32*.  The  number  39.38272 
therefore,  which  is  the  equivalent  to  the  French  metre  when  both  are  at  32®,  muft  be 
diminiftied  in  the  proportion  in  which  brafs  expands  30  degrees,  which  is  eftimated  by  Dr. 
Young,  from  Bordas  experiments,  to  make  the  equivalent  to  the  metre  to  be  39-371  Englifti 
inches,  the  ftandard  of  the  metre  being  at  32®,  and  that  of  the  Englifti  inch  at  62®. 

All  the  new  French  meafures  increafe  and  decreafe  In  decimal  proportion,  a diftinClive  prefix 
being  put  to  the  term  by  which  the  integer  is  called.  Thefe  prefixes  are  Dcca-,  He£Io-,  Kilo-, 
and  Myria-,  (taken  from  the  Greek  numerals)  to  exprefs  the  multiplication  of  the  Integer  by  lo, 
100,  1000,  and  10000  refpe£llvely  j and  Deci-,  Cent!-,  and  Milli-,  (from  the  Latin  numerals)  to 
exprefs  the  dlvifion  of  the  integer  by  10,  1 00,  or  1000.  Or  according  to  the  following  fcale, 
taking  the  metre  as  the  integer. 


I 

Myriametre  = 

Metres 

loooo. 

I 

Metre  = 

Metres 

I. 

I 

Kilometre  = 

1000. 

I 

Decimetre  = 

o.r 

I 

Hectometre  = 

100. 

I 

Centimetre  = 

O.OI 

I 

Decametre  = 

10. 

I 

Millimetre  = 

0.001 

The  metre  is  the  integer  of  the  meafure  of  length,  and  from  it  all  the  meafures  of  furface, 
capacity  and  weight,  are  deduced  in  the  following  way. 

For  fquare  dimenfions  the  metre  or  its  parts  fquared  are  employed.  When  ufed  for  meafuring 
land  the  term  Are  is  adopted,  which  is  a decametre  fquared.  A Hectare,  or  100  Ares,  are 
about  equivalent  to  2 Englifti  acres. 

For  the  integer  of  the  meafure  of  capacity  both  wet  and  dry,  the  decimetre  cubed  is  em- 
ployed, and  is  called  the  Litre.  It  is  more  than  a third  larger  than  the  old  French  Litron,  and 
is  equal  to  2^  Englifti  wine  pints. 

The  cubic  metre  is  alfo  called  a Stere,  but  is  only  ufed  for  meafuring  fire  wood,  to  be 
fubftituted  for  the  old  French  Corde  de  Bois. 

For  the  integer  of  the  meafure  of  weight,  the  weight  of  a cubic  centimetre  of  diftilled  water 
at  32°  has  been  adopted.  This  is  called  a Gramme,  and  is  equivalent  to  about  15I  Englifti 
grains. 
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Of  thefe  meafures  the  Metrey  Litre,  and  GrMmme,  are  aimed  the  only  integers  that  the 
chemical  reader  will  ever  meet  with,  and  certainly  their  uniformity  and  exafl:  ratio  to  each 
other,  and  decimal  progrefllon,  render  the  companion  of  them  with  our  own  meafures  extremely 
eafy. 

The  following  are  the  correfpondences  between  thefe  and  Englilh  meafures. 

The  Metre  :=  29:31^  Englilh  inches. 

The  fquare  Metre  =:::  1550.075641  Englilh  fquare  inches.  / 

The  fquare  Decimetre  rz  *5’50°7S  Englilh  fquare  inches.  . ' 

cube  feet.  cub.  inch. 

The  Cubic  Metre  ~ 61028.028  Englilh  cubic  inches  — 35  : 548.028. 

The  Cubic  Decimetre,  the  fame  as  the  Litre.  EngUf}  cubic  inches. 

The  Litre,  equal  to  the  bulk  of  Kilogramme  of  water  iz:  61.028 

Tr»y  grains. 

The  Gramme,  or  weight  of  a cubic  Centimetre  of  water  = 15.44402. 


The  following  Tables  will  allid  the  Reader. 


Metre. 

Eng.  feet.  Inches. 

Decimetre. 

Eng.  Inches. 

I. 

— 3 

3-371 

I. 

— 3-93?t 

2 

= 6 

6.742 

2. 

= 7-8742 

3 

= 9 

IO.II3 

3- 

= 11.8113 

> 4 

= 13 

1.484 

4. 

= 15.7484 

5 

= 16 

4.855 

5- 

19.6855 

6 

= 19 

8.226 

6. 

= 23.6226 

7 

=Z  22 

11.597 

7- 

= 27.5597 

8 

= 26 

2.968 

8. 

= 31.4968 

9 

= 29 

6.339 

9- 

= 35-4339 

Litre 

1. 

2. 

3- 

4. 

i; 

7 

8 


En.  cub.  inch 
61.028  ; 

122.056  : 

183.084  : 
244.1 12  ; 
305.140  : 

366.168  ; 

427  196 
488.224  : 


.Ale  pints 

1-7313 

3.4626 

5-1939 

6.9252 

8.6565 

10.3878 

12.1191 

13.8504 


A A j \J\^ 

6.34059 
8.45412 
10.56765 
12.681 18 
14.79471 


9 = 

549-252 

— * 

5.5817  = 

19.021 7 

1 

Dtca- 

1 

Troy 

HeElo- 

Gramme 

Troy  grains 

gramme 

dram 

grs. 

gramme 

I. 

15.444 

1. 

2 

34-44 

I • 

2. 

— 

30.888 

2. 

— 

5 

8.88 

2. 

3* 

46.332 

3- 

“ 

7 

43-32 

3-  = 

4 

61.776 

4- 

rr: 

10 

• 17.76 

4.-  = 

5 

77.220 

5- 

— 

12 

52.20 

5.  r: 

6 

— 

92.664 

6. 

— 

15 

26.64 

6.  “ 

7 

— 

io8.io8 

7- 

— 

18 

1.08 

7.  = 

8 

123.552 

8. 

■ — 

20 

35.52 

8.  = 

9 

— 

138.996 

9-  - 

23 

9.96 

9.  = 

Oz.  troy  of  water 
32.104 
64.208 
96,312 
128.416 
160.520 
192.624 
224.728 
256.832  ' 

288.936 


Troy  oz. 

3-2175 

6.4350 

9.6525 
12.8700 
1 6.0875 
19.3050 
22.5295 
25.7400 
28.9575 


Averi.  oz.. 

• 3-5279 

7.0558 
10.5837 
14.1116 
17.6395 
21.1674 
: 24.6953 
28.2232 
: 31.75H 


The  decimal  progrelTion  of  all  the  French  weights  and  .meafures  renders  it  only  necelTary  to 
change  the  decimal  point  In  order  to  convert  one  into  the  equivalent  of  any  other,  of  the  fame 
fpecies  and  numerically  the  fame,  but  of  a different  denomination.  Thus  as  9 litres  are  equal 
t®  15.5817  ale  pints,  9 he^lolitres  will  be  equal  to  1558.17  ale  pints ; and  fo  of  the  red. 
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GERMAN  WEIGHTS  AND  MEASURES, 

A VAST  variety  of  weights  and  meafures  are  in  local  ufe  in  Germany,  as  flight  differences  exiil 
between  the  marky  ell,  &c.  of  almoft  every  ftate.  There  appears,  however,  from  the  accurate 
account  given  by  Gren  (in  his  Syftem.  Handbuch  der  Chemie,  Vol.  i.)  to  be  two  kinds  of 
weight  to  which  all  thofe  employed  in  Germany  may  be  referred,  and  which  are  fufficient  for 
I our  prefent  purpofe. 

The  ancient  and  nroft  authentic  ftandard  of  weight  is  the 

Cologne  Mark  or  Mark  of  Charlemagne  with  its  divifions.  The  mark  is  the  higheft  integer  ufed 
in  this  ftandard  which, was  intended  for  gold  and  filver,  but  it  is  alfo  confidered  as  half  the 
Cologne  pound.  The  mark  contains  8 ounces,  the  ounce  2 loths,  the  loth  4 quentchens  or  drams, 
and  the  quentchen  i pfenning,  pennyweight,  or  denier.  Befides  this,  the  pfenning  is  fubdivided 
into  256  Recht-pfenning  theil,  or  ftandard  parts,  which  laft  divifion,  however,  is  only  hypothetical, 
but  is  extremely  ufeful  for  comparifon  ; for  as  the  pfenning  is  itfelf  the  256th  part  of  the  mark, , 
the  latter  contains  65536  ftandard  parts,  which  is  a fufficiently  minute  divifion  for  all  adtual  cal- 
culations. The  Cologne  Mark  therefore  is  thus-  divided : 

Standard  parts 

256  cr  I Pfenning 

1024  — 4—1  Quentchen 

*4096  iz:  16  — 4—1  Loth 

8192  = 3.2  — 8 zz  2 zz:  I Ounce 

65536  zz.  256  —64  ZZ16  zz  8 zri  Mark 

AHb  two  marks'  make  a pound.  The  Pfenning  is  further  fubdivided  either  into  2 Heller.,  or*" 
into  17  Efchen,  or  into  9 As. 

The  Grain  weight  therefore  does  not  enter  into  this  divifion  of  the  Cologne  Markj  but  in  the 
divifion  for  weighing  gold  and  filver  it  is  ufed,  as  will  be  mentioned. 

The  other  fet  of  weights  ufed  commonly  in  Germany  is  the  Nurembtirg  Medicinal  Weight,  the 
integer  or  pound  of  which  is  divided  precifely  the  fame  as  the  apothecaries’  divifion  of  the 
Englifh  pound  Trory ; that  is  to  fay,  the  pound  into  I2  ounces,  the  ounce  into  8 drams,  the  dram 
into  3 fcruples,  and  the  fcruple  into  20  grains.  Neither  the  pound  nor  ounce  nor  dram  of  the 
Nuremburg  weight  are  the  fame  as  the  pound,  ounce,  and  quentchen  of  the  Cologne  weight, 
the  Nuremburg  pound  beingrzz  100423. 5 ftandard  parts  — and  the,  ounce  zz  8368.625  St.  Pts. 
For  commerce  and  common  ufe  the  Nuremburg  pound  is  increafed  to  16  ounc-eszz  133898 
St.  Pts. 

The  Nuremburg  medicinal  pound  of  1 2 ounces  appears  to  be  the  ftandard  for  apothecaries’ 
weight  all  over  Germany,  and  therefore  is  probably  that  which  is  more  commonly  uled  by  che- 
mifts.  Hence,  when  we  meet  with  the  term  pound,  ounce,  dram,  and  grains,  in  German  che-  - 
mical  authors,  we  may  generally  conclude  that  it  is  the  Nuremburg  medicinal  weight,  unlefs 
otherwlfe  fpecified. 

But  the  Cologne  Mark  weight  is  employed  univerfally  for  affaying  gold  and  filver,  and  there-- 
fore  is  alfo  of  very  frequent  occurrence. 

The  Englifti  Troy  pound  is  given  by  Gren  as  equal  to  104688  St.  Pts.  of  the  Cologne  Mark, 
whence  the  Nuremburg  pound,  ounce,  dram,  fcruple  or  grain  zz:  .959266  Englifti  Troy  pound, 
ounce,  dram,  &c.  refpeitively : or  by  the  following  talfle. 


Nuremberg 

Eng.  trop 

Nuremberg 

Eng.  troy 

I = 

0.95926 

6 ‘'  = 

5.75560 

2 ZZ 

1.91853 

7 = 

6.71486 

3 = 

2.87780 

8 zz 

7.67413 

4 = 

5 = 

3.83706 

4-796.33 

9 = 

8.63339 
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The  Cologne  ounce  is  = 8192  ftandard  pts.  and  the  Troy  ounce  is  = 8724  ft.  pts.  whence 
the  Cologne  ounce,  and  eighth  of  an  ounce  (or  quentchen)  :r:  .939018  Troy  ounce  or  dram 
refpe(ftively  : and  the  Cologne  mark  is  = 7.51 2144  Troy  ounces  ; or  by  the  following  table  ; 


Cologne  oz  , or  Qtienichen  Troy  oz,  or  dram- 

1 = -939 

2 = 1.878 

3 rr  2.817 

4 = 3-75^ 

5 = 4.695 


Cologne  oz%  or  Qttentchen  Troy  oz.  or  dram 

6 = 5.634 

7 = 6.573 

8 = 7.512 

9 = 8.451 


When  gold  and  filver  are  weighed  in  Germany  by  the  Cologne  mark,  it  has  a totally  different 
fubdivifion  from  the  common  ounce,  quentchen,  and  pfenning. 

For  gold,  the  mark  is  divided  into  24  carats,  and  the  carats  into  I2  grains.  The  Carat  there- 
fore, where  it  is  a real  weight,  is  equal  to  150.242  Troy  grains,  and  the  Grain,  or  288th  part 
of  the  mark  is  equal  to  12.52  Troy  grains. 

For  filver,  the  mark  is  divided,  as  ufual,  into  16  Loths,  or  half  ounces,  but  the  loth  into  18' 
Grains.  The  grain  is  in  this  cafe  alfo  the  288th  part  of  the  mark.  This  circumftance  of 
employing  the  term  grain  occafionally  for  a fubdivifion  of  the  mark,  and  giving  to  it  a value 
upwards  of  13  times  the  Nuremburg  grain  ftiould  be  carefully  noted,  as  many  errors  may  arife- 
from  it,  particularly  to  the  Englifli  reader. 

The  method  of  conducing  the  affay  of  gold  and  filver  has  been  defcribed  under  the  article 
Assay,  and  it  is  there  mentioned  (p.  117)  that  the  fmall  piece  of  gold  cut  off  the  ingot  to  be 
affayed  is  called  an  AJfay  mark,  and  (like  the  real  mark  of  gold)  is  divided  into  24  carats,  and 
each  carat  into  12  grains,  by  fmall  fets  of  weights  ufed  for  this  purpofe.  The  adlual  quantity 
of  gold  ufed  for  this  purpofe  is  half  a pfenning,  or  of  a real  mark  n 128  ftandard  parts,, 
or  about  7 grains  Troy.  The  affay  grain  is  further  divided  into  halves  and  quarters.  The 
AJfa'^  mark  for  Silver  is  divided  as  the  real  mark  for  this  metal,  namely,  into  16  loths,  and  each 
loth  into  18  grains,  and  the  grain  into  halves  and  quarters  j and  the  real  weight  of  th^  filver 
affay  mark  is  twice  that  of  gold,  or  one  pfenning. 

The  German  affayers  and  mineralogifts  have  alfo  the  Docimajlic  Centner,  which  has  generally 
the  aftual  weight  of  one  quentchen  (equal  to  56.34  grains  d'roy)  but  is  fubdivided  into  100 
docimaftic  pounds,  each  of  which  therefore  is  equivalent  to  about  | grain  Troy, 


The  moft  common  meafure  of  length  in  Germany  is  the  Rhinland foot,  to  which  ftandard  the 
foot,  ell,  8fC.  of  the  different  ftates  is  ufually  compared. 

With  regard  to  the  length  of  this  meafure  in  Englifti  inches,  the  Pied  du  Rhin  is  faid  in 
Peuchet’s  Diet,  de  Commerce,  to  be  rr  ii  inch.  : 7 lines,  of  the  old  Yxench.  pied  de  roi,  which 
is  r::  12.341  Englifti  inches.  Hence  we  have  the  following  numbers,  viz.  i Rhinland  foot 
rr  12.341,  Englifti  inches,  and  therefore  i Rhinland  inch  =:  1.02842  Englifti  inches,  and  i 
cubic  Inch  Rhinland  = 1.08769  Englifti  cubic  inches,  =:  2y'4.648  Troy  grains  of  diftilled 
water  rz  286.31.  Nuremb.  grains. 

On  the  other  hand,  Klaproth  in  his  analyfis  of  the  Carhbad  water,  and  In  the  other  parts  of 
his  works,  employs  the  cubic  inch,  wliich,  he  fays,  holds  290  of  the  true  Nuremburg  grains 
of  diftilled  water,  and  which  appears  to  be  as  common  a ftandard  of  length  among  the  German 
chemifts  as  the  Nuremburg  is  of  weight.  Now  according  to  Gren,  290  Nuremb.  grains,  =r 
278.187  Troy  grains,  = 1.10169  Englifti  cubic  inch,  of  water,  and  the  cube  root  of  r.ioiyoo-f- 
(which  hardly  differs  from  1.101693)  is  = 1.032812.  - So  that  the  Inch  ufed  by  Klaproth ’ 
is  probably  the  Rhinland  inch,  which  by  this  eftimation  is  = 1.032812  Englifti  inches,  and 
by  the  former  is  rr  1.02842,  Englifti  inches,  the  difference  being  only  about  .0044. 
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We  may  therefore  without  danger  of  material  eiTor,  confider  the  Inch  ufed  by  moft  of 
the  German  chemifts  (unlefs  otherwife  fpecified)  as  that  which,  when  cubed,  contains  290 


Nuremburg  grains  of  water,,  aitd  as  having  the  following  proportions  with 

the  Engllfti. 

Germ,  feet  or  inches. 

Eng.  feet  or  inches.  . 

Germ.  cub.  inch. 

E.  cub.  inch. 

I.  = 

1.0328 

I 

1. 1017 

2.  = 

2.0656 

2 

2.2034 

3 = 

3.0984 

3 

3-3»5* 

4 = 

• 4-13*2 

4 

4.4068 

5 = 

5.1640 

5 

■ — 

5-5085 

6 =z 

6.1969  , 

6 

6.6102  ' 

7 = 

7.2297 

7 

— 

7.7119 

8 = 

8.2625 

8 

8.8136 

9 = 

9-2953 

9 

9-9*53 

When  I German  cubic  inch  weighs  or  contains  i Nuremburg  grain ; i cubic  inch  Engllfh 
weighs  or  contains  .8707  Troy  grain. 
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TABLES  RELATING  TO  THE  THREE  THERMOMETERS  COMMONLY  USED. 

Under  the  article  Thermometer  in  Appendix.  I.  we  have  mentioned  that  the  thermometers 
commonly  employed,  are  Fahrenheit' s^'\xi  this  country  univevfally;  Reaumur  s on  moft  parts  of 
the  continent ; and  lately  CelJius'S'^  or  the  Swedifli  thermometer,  has  been  adopted  in  France 
under  the  name  of  the  Centigrade.  Both  the  zero  and  the  divifions  of  each  of  thefe  three  differ. 
The  following  three  tables  will  give  the  correfpondences  of  each  thermorneter  for  every  degree 
of  each  from  2I2°  of  Fahr.  the  boiling  point  of  water,  to  — • 4°>  freezing  point  of  mercury. 

Table  for  Fahrenheit's  Thermometer. 


Fahr. 

Reau. 

Cent. 

Fahr. 

Reau. 

Cent. 

Fahr- 

Reau. 

Cent. 

212 

80,00 

160.00 

170 

61-33 

76.66 

128 

42.66 

53-33 

2II 

79-55 

99-44 

169 

60.88 

76.1 1 

127 

42.22 

52.77 

210 

79.11 

98.88 

168 

60.44 

75-55 

126 

41-77 

52.22 

209 

78.66 

98-33 

167 

60.00 

75.00 

125 

41-33 

51.66 

208 

78.22 

97-77 

166 

59-55 

74-44 

124 

40.  B8 

51.11 

« 207 

77-77 

97.22 

165 

59.11 

73^88 

*23 

40.44 

50-55 

206 

77-33 

96.66 

164 

58.66 

73-33 

122 

40.00 

50.00 

205 

76.88 

96.1 1 

163 

58.22 

72.77 

121 

39-55 

49-44 

204 

76.44 

95-55 

162 

57-77 

72.22 

120 

39-** 

48.88 

203 

76.00 

95.00 

161 

57-33 

71 .66 

1*9 

38.66 

48.33 

202 

75-55 

94.44 

160 

56.88 

71.11 

118 

38.22 

48.77 

201 

75.11 

93.88 

159 

56.44 

70-55 

1*7 

37-77 

47.22 

200 

74.66 

93-33 

158 

56.00 

70.00 

116 

37-33 

46.66 

199 

74.22 

92.77 

^S1 

55-55 

69-44 

**5 

36.88 

46..  1 1 

198 

73-77 

92.22 

156 

55.11 

68.88 

*14 

36-44 

45-55 

197 

73-33 

91.66 

*55 

54.66 

68.33 

**3 

36.00 

45.00 

196 

72.88 

91.11 

*54 

54.22 

67-77 

112 

35-55 

44-44 

195 

72.44 

90.55 

*53 

53-77 

67.22 

111 

35-** 

43.88 

194 

72.00 

90.00 

152 

53-33 

66.66 

110 

34.66 

43-33 

193 

7*-55 

89.44 

*5* 

52.88 

66.11 

109 

34.22 

42.77 

192 

71.11 

88.88 

150 

52.44 

65-55 

108 

33-77 

42.22 

191 

70.66 

88.33 

149 

52.00 

65.00 

107 

33-33 

41.66 

190 

70.22 

87-77 

148 

5*-55 

64.44 

106 

32.88 

41.11 

189 

69.77 

87.22 

*47 

51.11 

63.88 

105 

32.44 

40.55 

188 

69-33 

86.66 

146 

5®. 66 

63-33 

104 

32.00 

40.00 

187 

68.88 

86.11 

*45 

50  22 

62.77 

*03 

3*-55 

39-44 

186 

68.44 

85-55 

144 

49-77 

62.22 

102 

31.11 

38.88 

J85 

68.00 

85.00 

*43 

49-33 

61.66 

lol 

30.66 

38-33 

184 

67-55 

84.44 

142 

48.88 

61.11 

loo 

30.22 

37-77 

^83 

67.11 

83.88 

14* 

48.44 

60.55 

99 

29.77 

37.22 

182 

66.66 

83-33 

140 

48.00 

60.00 

98 

29-33 

36.66 

181 

66.22 

82.77 

*39 

47-55 

59-44 

97 

28.88 

36-** 

180 

65-77 

82.22 

*38 

47.1* 

58.88 

96 

28.44 

35-55 

179 

65-33 

81  66 

*37 

46.66 

58.33 

95 

28.00 

35.00 

178 

64.88 

81.11 

*36 

46.22 

57-77 

94 

27-55 

34-44 

J77 

64.44 

80.5s 

*35 

45-77 

57.22 

93 

27.11 

33-88 

176 

64.00 

80.00 

*34 

45-33 

56.66 

1 92 

26.66 

33-33 

175 

63-55 

79.44 

*33 

44.88 

56.1 1 

I 9* 

26.22 

32.77 

174 

78.88 

*32 

44.55 

55-55 

90 

25-77 

32'.22 

*73 

62.66 

78.33  ' 

*3* 

44.00 

55.00 

89 

25-33 

3*.66 

172 

62.22 

77-77 

*30 

43-55 

54.44 

! .88 

24.88 

3L.1* 

171 

61.77 

77.22 . 

129 

43-1* 

53-88 

1 

24.44 

30-55 

■(  .5(S0  ) 


^ahr. 

Reau. 

Cent. 

Fahr. 

Reau. 

Cent. 

Fahr. 

Reau. 

Cent. 

86 

24.00 

30.00 

43 

4.88 

6.1 1 

0 

-14.22 

-*7-77 

85 

23-55 

29.44 

42 

4.44 

5-55 

-I 

14.66 

*8-33 

84 

23.11 

28.88 

41 

4.00 

5.®o 

2 

15. II 

18.88 

83 

22.66 

28.33  ' 

40 

3-55 

4.44 

3 

*5-55 

19.44 

82 

22.22 

27.77 

39 

3. II 

3-88 

4 

16.00 

20.09 

81 

21.77 

27.22 

38 

2.66 

3-33 

5 

16.44 

20.55 

80 

21-33 

26.66 

37 

2.22 

2-77 

6 

16.88 

21. 1 r 

79 

20.88 

26.11 

36 

1.77 

2.22 

7 

*7-33 

21.66 

78 

20.44 

25-55 

35 

1-33 

1.66 

8 

17.77 

22.22 

77 

20.00 

25.00 

34 

0.88 

I. II 

9 

18.22 

22.77 

76 

19-55 

24-44 

33 

0.44 

0-55 

10 

18.66 

23-33 

75 

19. II 

23.88 

32 

0. 

0 

II 

19. 1 1 

23.88 

-74 

18.66 

23-33 

31  , 

-0.44 

-0.55 

12 

*9-55 

24.44 

73 

18.22 

22.77 

30 

0.88 

I. II 

*J 

20.00 

25.00 

72 

17.77 

22.22 

29 

1-33 

1.66 

14 

20.44 

25 -5^ 

71 

17-33 

21.66 

28 

1.77 

2.22 

*5 

20.88 

26.1  r 

70 

16.88 

21. II 

27 

2.22 

2-77 

16 

2*-33 

26.66 

69 

16.44 

20.55 

26 

2.66 

3-33 

*7 

2*-77 

27.22 

68 

16. oe 

20.00 

25 

3-1* 

3-88 

18 

22.22 

27-77 

67 

15-55 

19.44 

24 

3-55 

4.44 

19 

22.66 

28.33 

66 

15. II 

18.88 

23 

4.00 

5.00 

20 

23-** 

28.88 

•65 

14.66 

^8.33 

22 

4-44 

5-55 

21 

23-55 

29-44 

64 

14.22 

17.77 

21 

4.88 

6.11 

22 

24.00 

30.00 

63 

13-77 

17.22 

20 

5-33 

6.66 

23 

24.44 

30-55 

62 

13-33 

' 16.66 

19 

5-77 

7.22 

24 

24.88 

3*.*i 

61 

12.88 

1 6. 1 1 

18 

6.22 

1-n 

25 

25-33 

31.66 

60 

12.44 

15-55 

17 

6.66 

8-33 

26 

25-77 

32.22 

59 

12.00 

15.00 

ID 

7.11 

8.88 

27 

26.22 

32.77 

58 

11-55 

14.44 

15 

7-55 

9-44 

28 

26.66 

33-33 

57 

II. II 

13.88 

14 

8.00 

10. *0 

29 

27.11 

33-88 

56 

10.66 

13-33 

13 

8.44 

i®-55 

30 

27-55 

34-44 

55 

10.22 

12.77 

12 

8.88 

II. II 

3* 

28.00 

35.00 

' 54 

9-77 

12.22 

•II 

9-33 

1 1.66 

32 

28.44 

35-55 

53  , 

9-33 

1 1.66 

10 

9-77  ' 

12.22 

33 

28.88 

36.11 

52 

8.88 

1 1 . 1 1 

9 

10.22 

12.77 

34 

29-33 

36.66 

51 

8.44 

i«-55 

8 

10.66 

29.77 

37-22 

50 

8.00 

10.00 

7 

II. II 

13.88 

36 

30.22 

37-77 

49 

7-55 

9-44 

6 

11-55 

14.44 

37 

30.66 

38.33 

48 

7.11 

8.88 

5 

12.00 

15.00 

38 

3*.*i 

38.8S 

47 

6.66 

8-33 

4 

12.44 

*5-55 

39 

3*-5S 

39-44 

46 

6.22 

7-77 

3 

12.88 

16. II 

40 

32.00 

40.  QO 

45 

5-77 

7-22  1 

2 

*3-33 

16.66 

■M 

5-33 

6.66  I 

I . 

*3-77 

17.22 

' 

I 
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Talle  for  Reaumur* s Thermometer, 


Reau 

Cent. 

Fahr. 

« 

Reau 

80 

loo. 

212. 

42 

79 

98-75 

209.75 

41 

78 

97-5 

207.5 

40 

96.25 

205.25 

39 

76 

95- 

203 

38 

75 

93-75 

200.75 

37 

74 

92-5 

198.5 

36 

73 

91.25 

196.25 

3? 

72 

90 

194. 

34 

71 

88.75 

191.75 

33 

70 

.87-5 

189.5 

32 

69 

86.25 

187.25 

3* 

68 

85 

185. 

30 

67 

83-75 

i'82.75 

29 

66 

82.5 

180.5 

28 

65 

81.25 

178.25 

27 

64 

80 

176. 

26 

63 

78.75 

173-75 

25 

6a 

77-5 

171.5 

24 

61 

76.25 

169.25 

23 

60 

75- 

167. 

22 

59 

73-75 

164.75 

21 

58 

72-5 

162.5 

20 

57 

71-25 

160.25 

*9 

56 

70. 

158. 

18 

- 55 

68.75 

155-75 

54 

67.5 

153-5 

16 

53 

66.25 

151.25 

*5 

52 

, 65- 

149 

14 

51 

; 63-75 

146.75 

*3 

50 

62.5 

144.5 

12 

49 

61.25 

142.25 

II 

48 

60. 

140. 

10 

47 

58.75 

137-75 

9 

46 

57-5 

135-5 

8 

56.25 

*33-25 

7 

44 

55 

*3*- 

6 

43 

53-75 

128.7s 

5 

i 


Cent. 

Fahr. 

Reau 

Cent. 

52-S 

126.5 

4 

5- 

51-25 

124.25 

3 

3-75 

50. 

122. 

2 

2-5 

48.75 

119.75 

I 

1.25 

47-5 

**7-5 

0 

0 

46.25 

1*5.25 

-I 

-1.25 

45 

**3- 

2 

2.5 

43-75 

**0-75 

3 

3.75 

42.5 

108.5 

4 

5 

41.25 

106.25 

5 

6.25 

40. 

104 

6 

7-5 

38-75 

101.75 

7 

8-75 

37-5 

99-5 

8 

10. 

36.25 

97-25 

9 

11.25 

35 

95- 

10 

12.5 

33-75 

92-75 

1 1 

*3-75 

32-5 

90.5 

12 

*5- 

3*-25 

88.25 

*3 

16.25 

30 

86. 

*4 

*7-5 

28.75 

83-75 

*5 

18.75 

27-5 

81.5 

16 

20. 

26.25 

79.25 

-*7 

21.25 

25 

77- 

18 

22.5 

23-75 

74-75  • 

*9 

23-75 

22.5 

72-5 

20 

25-  . 

21.25 

70.25 

2l 

26.25 

20 

08 

22 

27.5 

*8.75 

65-75 

23 

28.75 

*7-5 

63-5 

24 

30. 

16.25 

61.25 

25 

3 *-25 

*5 

59- 

26 

32.5 

*3-75 

56.75 

27 

33-75 

12.5 

54.5 

28 

35 

11.25 

52.25 

29 

36.25 

10 

50 

30' 

37-5 

8.75 

47-75 

3* 

38.75 

45-5 

32 

40. 

6.25 

43.25 

VOL.  H. 


4» 


Fahr, 

41. 

38-75 

36- 5 

34- 25 

32 

29.75 

27-5 

25.25 

23 

20.75 

18.5 

16.25 
14. 

11.75 

9-5 

7.25 

5- 

2.75 
0.5  - 
-1.75 
4- 

6.25 
8.5 

10.75 
13- 
15-25 
17-5 
19-75 

22. 

24.25 

26.5 

28.75 

31 

33-25 

35- 5 

37- 75 
40. 
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Table  for  the  Centigrade  Thermometer. 


Cent 

Reati. 

Fahr, 

Cent 

Reau. 

Fahr. 

Cent. 

I Reau. 

Fahr, 

loo 

80. 

212. 

53 

42.4 

127.4 

6 

4.8 

42.8 

99 

79.2 

210.2 

52 

41.6 

125.6 

5 

4. 

41. 

98 

78.4 

208.4 

51 

40.8 

123.8 

4 

3-2 

39-2 

97 

206.6 

5° 

40. 

122. 

3 

2.4 

37’4 

96 

76.8 

204.8 

49 

39-2 

120.2 

2 

1.6 

35-6 

95 

76. 

203. 

48 

38.4 

1184 

I 

0.8 

33-8 

94 

75.2 

201.2 

47 

37-6 

1 16.6 

0 

0. 

32. 

93 

74-4 

199.4 

46 

36.8 

114.8 

-I 

-0.8 

30.2 

92 

73-6 

197.6 

45 

36. 

i'3- 

2 

1.6 

28,4 

91 

72.8 

195.8 

44 

35-2 

III. 2 

3 

2.4 

■ 26.6 

90 

72. 

194. 

43 

34.4 

109.4 

4 

3-2 

24,8 

89 

71.2 

192.2 

42 

33-6 

107,6 

5 

4. 

23* 

88 

70.4 

190.4 

41 

32.8 

105.8' 

6 

4.8 

21.2 

87 

69.6 

188.6 

40 

32. 

104. 

7 

5.6 

19,4 

86 

68.8 

186.8 

39 

31.2 

102,2 

8 

6.4 

In. 6 

68. 

185. 

3^^ 

30.4 

100.4 

9 

7-2 

15.8 

84 

67.2 

183.2 

37’ 

29.6 

98.6 

10 

8. 

14. 

83 

66.4 

181.4 

36 

28.8 

96.8 

1 1 

8.8 

12.2 

82 

65,6 

179.6 

35 

28. 

95. 

12 

9.6 

I0.4 

Si 

64.8 

177.8 

34 

27.2 

93-2 

13 

10.4 

8.6 

80 

64. 

176. 

33 

26.4 

91.4 

14 

II. 2 

6.8 

79 

63.2 

174.2 

32 

25.6 

89.6 

15 

12. 

5- 

78 

62.4 

172.4 

31 

24.8 

■ 87.8 

16 

12.8 

3-2 

77 

61.6 

170.6 

3Q 

24. 

86 

17 

13.6 

1.4 

76 

60.8 

168.8 

29 

23.2 

84.2 

18 

14.4 

-0.4 

75 

60. 

167. 

28 

22.4 

82.4 

19 

15.2 

2.2 

74' 

59.2 

165.2 

27 

21.6 

80.6 

20 

16. 

“ 4- 

73 

58.4 

163.4 

26 

20.8 

78.8 

21 

16.8 

5.8 

72 

57-6 

161.6 

25 

20. 

77- 

22 

17.6 

7.6 

71 

56.8 

159.8 

24 

19.2 

75.2 

23 

18.4 

94 

70 

56. 

158. 

23 

18.4 

73-4 

24 

19.2 

1 1.2 

69 

55-2 

156.2 

22 

17.6 

71.6 

25 

20. 

13 

68 

54-4 

154.4 

21 

i6.8 

69,8 

26 

20.8 

14.8 

67 

53-6 

152.6 

20 

16. 

68. 

27 

21.6 

16.6 

66 

52.8 

150.8 

19 

15.2 

66.2 

28 

22.4 

18.4 

65 

52. 

149. 

18 

14.4 

64.4 

29 

23.2 

20.2 

64 

51.2 

147.2 

17 

13.6 

62.6 

30 

24. 

22. 

^3 

50.4 

145.4 

16 

12.8 

60.8 

31 

24.8 

23.8 

62 

49.6 

143.6- 

15 

12. 

59 

32 

25.6 

25.6 

61 

48:8 

141.8  1 

14 

II. 2 

57.2 

33 

26,4 

27.4 

60 

48. 

140. 

13 

10.4 

55.4 

34 

27.2 

29.2 

59 

47-2 

138.2 

12 

9.6 

53-6 

28. 

31- 

58 

46.4 

136.4 

II 

8.8 

51.8 

' 36 

28.8 

32.8 

57 

45.6 

134.6 

10 

8. 

50- 

37 

29.6 

34.6 

56 

44.8 

132.8' 

9 

7.2 

48.2 

3« 

3°-4 

36.4 

55 

44. 

131* 

8 

6.4 

46.4 

39 

31.2 

38.2 

54 

43-2 

129.2 

7 

5.6 

44.6 

40 

32 

40 
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TABLES  FOR  REDUCING  THE  DEGREES  OF  BEAUME^s  AREOMETER . 
INTO  THEIR  CORRESPONDING  EXPRESSION  OF 

SPECIFIC  GRAVITY.  . ’ 

Beaume’s  Areometer  or  Hydrometer,  though  not  a very  con'eft  inftrument,  is  that  which  from 
its  convenience,  is  employed  very  commonly  by  the  French  chemifts,  who  are  in  the  habit  of 
expreffing  the  ftrength  or  fpecific.  gravity  of  the  acids,-  alcohol,  &c.  which  they  eniploy  by  die 
fcale  of  this  i-nftrument.  It  is  deicribed  by  Beaume  in  his  Elemens  de  Pharmacie,  p,  466. 

The  form  of  this  inftrument  is  that  of  the  common  hydrometer,  that  is,  a lengthened  bulb 
or  ball  with  a long  narrow'-ftem  rifing  from  it,  which  laft  is  graduated,  and  the  inllrumeiU  is  u> 
poifed  that  it  floats  with  nearly  the  whole  of  the  ftem  above  the  level  of  the  heaviefl  licjuld  "Arhoie 
denfity  it  is  to  indicate,  and  with  nearly  the  whole  of  the  item  immerfed  when  the  lighteil  liquid 
is  ufed.  A fingle  inftrument  would  in  ftriftnefs  fuffice  to  indicate  the  denfity  of  every  liquid  from 
the  lighteft  alcohol  to  the  heavieft  acid,  which  would  include  a range  of  adfual  fpecific  gravity  from 
about  .8  to  2.  (water  being  ~ i.)  But  an  inftrument  of  this  kind  muft  be  either  inconveni- 
ently long,  or  the  ftem  muft  be  very  wide,  and, the  degrees  too  minute  for  tolerable  accuracy. 
Beaume  therefoi'e  very  judicioufly  divided  it  into  two  fcales,  one  of  which  is  the  areometer  for 
fpirits  and  liquors  lighter  than  water,  and  the  other  the  areometer  for  falfs  or  liquids  heavier  than 
water.  He  has  further  diftinguifhed  them  by  inverting  the  fcales,  that  is  to  fay,  in  the  inftru- 
ment for  falts  the  o.  or  zero  is  at  diftilled  water,  and  the  numbers  increafe  with  the  iucreafittg 
denfity  of  the  liquors  for  which  it  is  ufed'*,  whereas  in  the  inftrument  for  fpirits  the  numbers 
increafe  from  the  zero  with  the  decrcafing  denfity.  Hence  it  is  necefi'ary  to  deferibe  thefe  two 
inftruments  feparately. 

The  hydrometer  for  falts  was  made  by  Beaume  in  the  following  way : the  inftrument  was 
firft  immerfed  in  water  at  18.75°  Reaum.  about  50°.  Fahr.  and  loaded  witl.  mercury  dropped 
into  the  bulb  till  it  funk  fo  low  that  only  the  very  top  of  the  ftem  w-as  out  of  water,  which  point 
was  marked  as  the  o.  of  the  fcale.  The  inftrument  \vas  then  removed  to  a folution  of  common 
fait,  containing  15  parts  (by  weight)  of  fait  to  85  parts  of  water,  and  tlie  height  to  which  it 
floated  was  marked  on  the  ftem  as  15°  of  the  fcale.  The  interval  between  thefe  two  points  of 
immerfion  being  therefore  confidered  as  1 5 degrees,  the  fcale  was  extended  to  any  required 
number,  merely  by  marking  off  wdth  compaffes  an  equal  length  of  the  ftem,  and  the  whole  was 
farther  fubdivided  in  the  fame  way.  Beaume  confidered  therefore  that  every  degree  of  the 
inftrument  indicated  a denfity  of  liquid  equal  to  that  of  a folution  of  common  fait,  in  w'hich  the 
number  of  parts  of  fait  in  lo©  parts,  by  weight,  of  the  folution,  was  equal  to  the  fame  number 
on  the  fcale  at  wdiich  the  inftrument  floated.  But  as  the  diameter  of  the  ftem  is  feldom  equal 
throughout,  he  propofes  to  remedy  the  incorrectnefs  produced  by  this  circumftance,  where 
greater  accuracy  is  required,  by  immerfing  the  inftrument  fucceflively  in  folutions  containing  5, 
10,  15,  &c.  per  cent,  of  fait,  and  marking  thefe  points  as  5,  10,  15,  &c.  on  the  fcale,  or,  to  be 
ftill  more  accurate,  all  the  individual  degrees  may  be  found  by  acftual  experiment.  In  fadl,  even 
where  the  ftem  of  the  inftrument  is  perfectly  cylindrical,  this  would  be  the  only  way  to  enfure 
perfedl  accuracy,  as  a divifion  of  equal  diftances  on  the  fcale  would  not  precifely  correfpond 
with  an  equal  increafe  of  the  percentage  of  fait  in  the  folution. 

The  fcale  of  this  inftrument  does  not  properly  extend  higher  than  about  30°.  as  this  is  the 
point  of  faturation  of  water  with  fait,  but  it  may  be  lengthened  at  pleafure  by  marking  off  equal 
diftances  on  the  fcale. 

The  following  table  of  correfpondence  between  Beaume’s  areometer  for  falts  and  the  adfual 
expreflion  of  fpecific  gravity  has  been  calculated  by  Mr.  Nicholfon,  for  every  third  degree 
(Phil.  Jouni.  4to.  vol.  i.  p.  38.)  from  the  datum  of  Morveau  that  the  66th  degree  correfponds 
'with  1.848  fp.  gr.  We  have  added  to  it  the  fpecific  gravities  of  moft  of  the  correfponding  folu- 
tions of  common  fait  in  water  as  high  as  30°.  of  the  inftrument,  as  given  by  Hafi'enfratz  in  the 
28th  vol.  of  the  An.  de  Chim.  p.  298.  which  ought  therefore  to  be  the  fame,  but  which  actually 
differ  in  no  inconfiderable  degree. 
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We  have  further  added  the  correfpondlng  fpecific  gravities  with  many  of  the  degrees  of  the 
hydrometer  from  i8°  to  45°  as  given  by  R.  Bingley,  Efq.  King’s  Afl'ay-mafter  of  the  Mint,  (Phi- 
lofophical  Magazine,  vol.  xii.)  from  a£lual  experiments  with  a Paris  hydrometer.  I'his  includes 
a fpecific  gravity  from  1.150  to  1.435,  which,  with  acids,  is  fufficient  for  moft  of  the  purpofes 
of  the  aflayer  or  mineralogift. 


BeatimPs  Hydro7neter  for  Salts.  (Temperature  55°  Fahr.) 


aume 

Nicholfon 

Haffenfratz 

Bingley 

Beaume 

Nicholfo7i 

Bingley 

I— Sp. 

Gr.  I. coo 

— I.ooco  — 

3i=Sp.  Gr. 

1.275 

2 

1.0128 

32 

1.283 

3, 

1.020 

1. 0192 

33 

r.295 

4 

1.0256 

34 

1.300 

5 

1.0320 

35 

I.312 

6 

1.040 

1.0384 

36 

1-333 

I-313 

7 

,1.0448 

37 

1.342 

8 

1. 0502 

38 

1-350 

9 

1.064 

1.0576 

39 

1-373 

1-358 

10 

1.0640 

40 

1.367 

12 

1.089 

1.0775 

41 

1-383 

14 

I.0910 

42 

1. 41 4 

1.400 

15 

i.ri4 

43 

1.416 

16 

r.ro45 

45 

1-455 

1-435 

x8 

1. 140 

1.1182 

1. 150 

48 

1.500 

20 

I. 1320 

1.167 

51 

1-547 

21 

1. 170 

54 

1-597 

22 

1.1462 

57 

1.659 

24 

I.2CO 

1. 1 608 

6o 

1. 717 

26 

1.1760 

1.216 

63 

1.779 

27 

1.230 

66 

1.848 

28 

r.1920 

1-233 

69 

1.920 

29 

1.250 

72 

2.000 

30 

1.261 

I. 2100 

1.267 

The  Hydrometer  for  Spirits  is  conftrufted  exa£l:Iy  on  the  fame  principle,  and  the  mode  of 
graduation  is  alfo  the  fame,  that  is,  by  a folution  of  fait,  and  not  by  mixtures  of  alcohol  and 
water  of  different  denfities.  In  this  hydrometer  the  zero  is  placed  not  at  the  point  to  which  the 
ftem  finks  in  diflilled  water,  but  at  the  point  to  which  it  falls  in  a mixture  of  10  parts  of  fait 
and  90  of  water.  The  interval  between  this  point  and  that  of  diflilled  water  is  marked  on  the 
fcale  as  10  degrees,  and  this  fcale  is  continued  upwards  on  the  ftem  fimply  by  meafuring  equal 
portions  by  the  compalTes.  The  loth  degree  of  the  fpirit  hydrometer  corresponds  with  the  o. 
of  the  fait  hydrometer,  and  it  is  certainly  a defedl  that  the  ingenious  inventor  fhould  have  intro- 
duced this  deviation  from  what  is  obvioufly  the  natural  zero  in  each  fcale,  namely,  the  point  of 
immerfion  in  diflilled  water  y fince  it  was  as  eafy  to  obtain  a meafure  for  lo  degrees  of  the  fcale 
of  the  fpirit  hydrometer  by  beginning  the  notation  10  degrees  below  zero  as  at  this  point. 

The  correfpondence  between  Beaume’s  fpirit  hydrometer  and  the  reaf  expreflion  of  fpecific 
gravity  has  alfo  been  calculated  by  Mr.  Nicholfon,  and  on  the  following  data : viz.  Beaume 
found  that  a fpirit  of  .842  fp.  gr.  at  32°.  Fahr.  gave  37  degrees  of  his  hydrometer  ; and  that  a 
mixture  of  two  parts,  by  weight,  of  this  fpirit  with  30  of  water  gave  12  degrees  of  the  hydro- 
meter at  the  fame  temperature. 

This  mixture  is  found  by  Gilpin’s  valuable  tables  to  be  :rr  .9915  fpecific  gravity  at  this  tempe- 
rature, and  thefe  terms,  viz.  .842  and  .9915  become  .832  and  .9905  at  55°  Fahr.  or  10.  Reaum. 
the  flandard  temperature  of  the  graduation  of  thefe  inftruments.  We  have  given  in  the  article 
Alcohol,  p.  30.  Vol.  i.  of  this  work,  Beaume’s  table  of  the  denfity  of  different  mixtures 
of  alcohol  and  water  exprelfed  in  the  degrees  of  his  hydrometer,  with  the  correfponding  fpecific 
gravities  as  given  by  Haffenfratz  (An.  Chim.  tom.  xxxiii.  p.  ii.)  we  fhall  here  repeat  the 
latter  as  a comparison  with  thofe  given  by  Mr.  Nicholfon,  and  whigh  will  further  fliew  the 
(legiee  of  incorredlnefs  of  Beaume’s  inflrument. 
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# V 

Beaumis  Hydrometer  for  Spirits.  (Temperature  55®  F). 


Beatmi. 

Nicholfon. 

Hajfenfratz. 

10 

1. 0000 

1. 0000 

1 1 

— 

.990 

::z: 

12 

— 

.985 

.9863 

13 

•977 

= 

.9796 

14 

.970 

.9730 

15 

•963 

.9666 

16 

~~ 

•955 

i6| 

rr 

.9569 

17 

•949 

18 

.942 

•9474 

19 

•935 

i9t 

= • 

— 

.9382 

20 

= - 

’ .928 

zr 

•) 

21 

— 

.922 

.9290 

22 

.915 

— 

' 

23 

•9*9 

zr 

.9172 

24 

— 

•903 

= 

9 


Beaume, 

Hicholfon. 

Hajfenfratz. 

25 

zz 

.897 

— .9057 

26 

— 

.892 

— 

27 

.886 

= 0.8944 

28 

— 

.880 

ZZ 

29 

■ — 

.874 

zz 

29t 

— 

= .8807 

30 

— 

.871 

— 

31 

— ~ 

.867 

zz 

32 

— 

.856- 

= .8675. 

33 

izr 

.852 

zz 

34 

— * 

.847 

= .8571 

. 35 

zz: 

.842 

zz 

36 

zz 

•837 

— 

37 

zz 

.832 

= .8421 

38 

zz 

.827 

zz 

39 

■ — 

.822 

zz 

40 

zz 

.817 

= .8276 

) 
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TABLE  OF  THE  SPECIFIC  GRAVITY  OF  WATER  AT  EVERY  DEGREE 
OF  TEMPERATURE  PROM  30“  TO  80“  Fahr. 


"Fal:r, 

Sp.gr . 

Fahr 

Sp.  gr. 

Fahr. 

■ g^- 

Fahr. 

Sp.gr. 

30°  — 

1 .00074 

43° 

— 1.00090 

56“  ^ 

1. 0003 1 

69*  — 

0.9990,6 

3I' 

1.00078 

44 

1.00088 

51 

1.00024 

70 

0.99894  ' 

32 

1.00082 

45 

1.G0086 

58 

1 .00016 

71 

0.99882 

33 

I .CO085 

46 

1 .00083 

59 

.1.00008 

72 

0.99869 

34 

I.C0088 

47 

1.00080 

60 

I.OCOOO 

73 

0.99856  , 

35 

1 .00090 

48 

1.00076 

61 

0.99991 

74 

0.99843 

36 

1 .00092 

49 

1.00072 

62 

0.99981 

75 

C.99830 

37 

1.00093 

SO 

1.00068 

63 

,,0.99971 

76 

0.99816 

38 

1 .00094 

51 

1 .00063 

64 

0.99961 

77  ' 

0.99802 

.39 

1 .00094 

52 

1.00057 

65 

,0.99950 

78 

0.99788 

40 

I .©0094 

53 

I .ooo5t 

66 

0.99939 

79 

0.99774 

41 

1 .00093 

54 

1.0C045 

67 

,0.99928 

80 

0.99759 

42 

1.00092 

55 

1.00038 

68 

0.99917, 

The  above  Table  is  that  which  is  given  by  Mr.  Gilpin  in  the  84th  Vol.  of  the  Philofophical 
TranfaGions,  and  is  of  effential  ufe  for  taking  the  fpecific  gravities  both  of  folids  and  fluids, 
by  enabling  the  operator  to  reduce  the  weight  or  bulk  of  the  diftilled  water  employed  in  any 
cafe  to  that  which  it  would  have  at  any  other  common  temperature,  and  particularly  to  60® 
which  is  the  ufual  ftandard.  Thus,  for  example,  fmce  tlie  fpecific  gravity  of  water  at  4^°.  is 
1.0008,  and  at  60°.  is  i. 00000,  (and  confequently  10008  grs.  at  47°  are  equal  in  bulk  to  10000 
grs.  at  60°)  it  follows  that  it  would  require  252.708  grs.  at  47*  to  equal  the  fpace  of  a cubic 
inch;  for  10000  : 10008  ::  252.506.  (the  weight  of  a cubic  inch  at,  6o°.)  :252.7o8.  The  re- 
markable anomaly  of  the  fpecific  gravity  of  water  decreafing  through  all  the  degrees  of  tempe- 
rature below  40°.  or  thereabouts,  that  it  remains  uncongealed,  has  been  noticed  under  the  article 
Water,  but  the  difference  for  one  or  two  degrees  above  or  below  40°  is  fo  trifling,  that  it  has 
hardly  yet  bean  afcertained  with  perfe6b  accuracy. 


( 567  ) 


TABLES  RELATIVE  TO  THE  STRENGTH  OF  ACIDS  AND  THEIR 
SATURATION  WITH  DIFFERENT  BASES. 

N.B.  The  folUuuing  five  T'obles  are  extraBed  from  Mr.  Kir  wan's  Additional  Ohfervations  on 
the  Proportion  of  Real  Acid^  Dublin^  ^799* 

I. 

Table  of  the  quantities  of  Real  Acid  in  loo  parts  of  Sulphuric  Acid  of  different  denfi ties 

at  6o°.  Fahr. 


loo  parts 

Real 

1 00  parts 

Real 

ICO  parts 

PHal 

Sp.  gravity. 

Acid. 

Sp.  gravity. 

Acid. 

Sp.  gravity. 

Acid. 

2.0000 

8^.-9 

1.6503 

62.50 

1-3360 

35-71 

J.9859 

88.39. 

1.6407 

61.61 

1-3254 

34.82 

I.9719 

87,50 

1-6312 

60.71 

1.3149 

33-93 

1-9579 

86.61 

1.6217 

59.82. 

1 .3  1 02 

33  03- 

1-9+39 

85.-71  . 

1.6122 

58-93. 

1.3056 

32-14- 

1.9299 

84.82 

1.6027 

58-03 

1.2951 

31-25 

1.9168 

83-93 

^ -1.5932 

57-14 

1.2847 

30-35 

1.9041 

83-04+ 

1.5840 

56.25 

1.2757 

29.46. 

1.8914 

82.14 

1.5748 

55-36+ 

1.2668 

28.57 

1.8787 

81.25 

1.5656 

54-46 

1.2589 

27.68+ 

1.8060 

80.36 

1.5564 

53-57 

1.2510 

26.78 

1.8542 

79.46 

1-5473 

52.68 

1.2415 

25.89 

1.8424 

1-5385 

51-78 

1.2320 

25.— 

1.8306 

77.68 

1.5292 

50.89. 

1.2210 

24.10- 

i;8i88 

76-79+ 

1.5202 

50.00 

1.2101 

23-21 

1.8070 

75-89 

1.5112 

49-11+ 

1.2009 

22.32 

1-7959 

75-—  ■ 

1.5022 

48.21 

1.1918 

21.43+ 

1.7849 

74-11 

1-4933 

.47-32 

1.1836 

20.53 

1-7738 

73.22 

1.4844 

•46.43 

1.1746 

19.64 

1.7629 

72.32 

1-4755 

45-53 

1.1678 

1-8-75  ^ 

1.7519 

71-43 

1 .4666 

44.64 

1.1614 

17-85 

1.7416 

70-54+ 

1.4427 

43-75 

1-1531 

16,96 

. 1-7312 

69-64 

' 1.4189 

42.86 

1.1398 

16.07 

1.7208 

68.75 

1.4099 

41.96 

1.1309 

15-18+ 

* 1. 7104 

67.86 

1.4010 

41. «7 

1.1208 

14.28 

1.7000 

66.96 

1-3875 

1.4©. 18 

1.1129 

13-39 

1.6899 

66.07 

1.3768 

39-28 

I.IOII 

12.50 

1.6800 

65.18 

1.3663 

38.39 

1-0955 

1 1.60  ^ 

1.6701 

64.28 

1.3586 

37-50 

1.6602 

1 63,39 

1--3473 

36.60 
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II. 


In  loo  parts  of  Nitric  Acid  of  different  denCties  at  6cP.  Fahr. 


100  parts 
Sp.  gravity. 

Real 

Acid, 

1 00  parts 
Sp.  gravity. 

Real 

Acid. 

100  parts  1 
Sj!). 

Real 

Acid. 

1-5543 

73-54 

1.4018 

51-47 

1.2586 

32-35 

1-5295 

69.86 

1-3975 

50.74 

1.2500 

31.62 

a. 5 183 

69.12 

1-3925 

50.00 

1.2464 

30.88 

1.5070 

68.39 

1-3875 

49.27 

1. 2419 

30-15 

1-4957 

67.65 

1.3825 

48.53 

1-2374 

29.41 

1.4844 

66.92 

1-3775 

47-80 

1. 2291 

28.68 

1-4731 

66.18 

1. 3721 

47.06 

1.2209 

27.94 

1.4719 

65-45 

1.3671 

46.33 

1. 2180 

27.21  + 

1.4707 

64.71 

1.3621 

45-59 

1,2152 

26. 47 

1.4695 

63-98+ 

1-3571  - 

44.86“J^ 

1-2033 

25-74+ 

1.4683 

63.24 

1. 3521 

44-12 

1. 2015 

25.00 

1.4671 

62.5.1 

1.3468 

43-38 

1.1963 

24.26 

.1.4640 

61.77 

1-3417 

42.65 

1.191 1 

23-53 

1.4611 

61.03  - 

1-3364 

41.91 

1.1845 

22.79 

1.4582 

60.30 

1-3315 

41.18 

1. 1779 

22.06 

1-4553 

59-56 

1.3264 

40.44 

I. 1704 

21.32 

1.4524 

58.83 

1. 3212 

39-71 

I-1679 

20.59 

1.4471 

58.09 

1.3160 

38.97 

1.1581 

19.85 

1.4422 

57-36 

1.3108 

38-34 

1. 1524 

19.12 

1-4373 

56.62 

1.3*56 

37-50 

1. 1421 

18.48 

1.4324 

55-89 

1.3004 

36.77 

1. 1319 

1765+ 

1.4275 

55-15 

1. 291 1 

36.03 

1.1284 

16.91 

1.4222 

54.12+ 

1.2812 

35.30+ 

1.1241 

16.17 

1.4171 

53-68 

1.2795 

34.56 

1. 1 165 

15.44 

1.4120 

52.94 

1.2779 

33-82 

I.liii 

14.7® 

Z.4069 

52.21 

1.2687 

33-09 

1. 1040 

13-27 

III. 


In  100  parts  of  Muriatic  Acid  of  different  denfities  at  6o°.  Falir. 


1 00  parts  1 
Sp.  gravity.' 

R.eal 

Acid. 

100 

/S^).  gravity 

Real 

Acid. 

loo 

Sp.  gravity. 

Real 

Acid. 

1.196 

25.28 

1. 147 

19.09 

1.1039 

Ij-4I 

1.191 

24.76 

1.1414 

18.57 

1.0984 

12.90 

1.187 

24.25 

1.1396 

18.06 

1.094.2 

12.38 

1.183 

23-73 

1.1358 

17-54 

1.09  to 

1 r.^ 

1.179 

23.22 

1. 1320 

17.02 

r.o868 

11-35 

1.175 

22.70 

1.1282 

16.51 

1.0826 

10.83 

1.171 

22.18 

1. 1 244 

15.99 

1.0784 

10.32 

1.167 

21.67 

1.1206 

15.48 

1.0742 

9.80 

1.163 

21.15 

l.1 168 

14.96 

1 .0630 

8.25 

1. 1 59 

20.64 

I.l  120 

14.44 

1.0345 

5.16 

1. 155 

1.151 

20.12 

19.60 

1.1078 

X3-93 

1.0169 

2.58 
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The  explanation  of  Mr.  Kirwan’s  term  Real  Acid,  and  the  method  of  eftimating  Its  quantity 
in  any  mixture  of  acid  and  water,  whofe  fpecifk;  gravity  Is  known,  have  been  already  explained 
under  the  article  Nitric  Acid,  p.  145.  and  Sui.piiuric  Acid,  p.  273.  of  this  volume,  and  need 
not  be  here  repeated  at  length.  It  may  juft  be  obfwvcd,  however,  tliat  by  real  fulphuric  acid  the 
author  means  an  acid  of  the  fame  denfity  as  that  v^'•hich  forms  one  of  the  two  conftituent  parts 
of  perfectly  dry  and  ignited  fulphat  of  potafh — by  real  nitric  acid,  he  underftands  the  acid  of  per- 
fe£lly  dry  nitrat  of  foda — and  by  real  muriatic  acid,  the  acid  of  ignited  murJat  of  potafh. 

In  the  above  Tables  the  differences  between  the  individual  numbers  are  fo  fmall  as  to  anfwer 
moft  pra£tical  purpofes  without  further  calculation,  fo  that  any  fpecific  gravity  which  is  not  fet 
down  in  the  Table,  or  extra-tabular,  may  generally  be  referred  to  that  in  the  Table  to  which  it 
is  the  neareft.  If,  however,  a greater  approximation  to  accuracy  be  required,  the  contents  per 
cent.  In  real  acid  of  any  extra-tabular  fpecific  gravity  may  be  found  by  the  Rule  of  Proportion 
in  the  following  way,  as  given  by  Mr.  Kirwan  : 

Find  the  difference  between  the  next  higher  and  lower  tabular  fpecific  gravities  D,  and  alfo 
the  difference  between  tlieir  acid  contents  zc:  D’. 

Then  find  the  difference  between  the  extra-tabular  fpecific  gravity  and  the  next  upper  or  lower 
tabular  fpecific  gravity,  whichever  it  is  neareft  to  zr  d. 

Then  the  difference  betwocn  tbe  quantity  of  real  acid  of  the  extra-tabular,  ami  rliat  of  the 
neareft  tabular  fpecific  gravity  (zz  d')  will  be  found  by  the  following  fimple  Rule  of  Proportion, 

DV 

D : D' ::  </  \d\  therefore  d — and  by  adding  d'  to  the  acid  contents  of  the  loweft  tabular 

D 

fpecific  gravity,  or  fubtrafting  it  from  the  upper,  according  to  whichever  is  taken,  the  quantity 
fought  will  be  given. 

To  illuftrate  this  by  a fingle  example : What  is  the  quantity  of  real  acid  in  100  parts  of  ful" 
phuric  acid  of  1.790  fpecific  gravity? 

By  infpefting  the  Table  I find  that  1.790  is  between  1.7959  and  1.7849,  confequently  the 
tabular  numbers  concerned,  with  their  refpedlive  differences,  will  be  as  follows  ; 

Sp.  Gr.  Real  Acid. 

17959  - 75-00 

D = no  D'  zr  .89 

17849  74-11 

and  dm  this  cafe  is  the  difference  between  17900  and,  17849  zr  51.  The  given  proportions 
therefore  are,  As  no -..89::  51  : al',  therefore  d rz  .413  nearly,  which  added  to  74.11  makes 
74.523  as  the  quantity  per  cent,  of  real  acid  in  fulphuric  acid  of  1.790  fpecific  gravity. 

This  method,  however,  is  not  perfectly  accurate,  fince  it  is  found  that  the  affinity  of  fulphuric 
acid  to  water  proceeds  in  a decreafing  ratio  as  the  quantity  of  water  increafes,  and  confequently 
that  the  increafe  in  fpecific  gravity  for  equal  additions  of  real  acid  purfues  an  increafing  ratio 
from  the  bottom  of  the  fcale  to  the  top.  Therefore  the  value  of  d as  above  eftimated  is  rated  a 
little  too  low. 

By  a fimiiar  method  the  fpecific  gravity  of  any  acid,  whofe  contents  per  cent,  of  real  acid  are 
known,  but  extra-tabular,  may  be  found.  Find  D and  D'  as  before  and  d is  already  given. 
D^' 

Then zr  d and  d added  to  the  lower  fpecific  gravity,  or  fubtrafted  from  the  upper, 

D' 

gives  the  fpecific  gravity  fought. 
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IV. 

Table  of  the  quantity  of  Real  Acid  required  to  faturate  too  parts  of  Alkalies  and  earths. 


(Kirwan.) 


100  Parts  of 

Sulphuric  A, 

Nitric  A. 

Muriatic  A, 

Carbonic  A. 

Potalh 

82.48 

84.96 

56^3 

105. 

Soda 

127.68 

135-71 

73-41 

66.8 

Ammonia 

383-8 

247.82 

171. 

Variable 

Barytes 

50. 

56. 

31.8 

28.2 

Strontian 

72.41 

85.56 

46. 

43-2 

Lime 

143- 

179-5 

84.488 

8i.8r 

Magnefia 

172.64 

210. 

“1-35 

200. 

V. 

Table  of  the  quantity  of  Alkalies  and  Earths  required  to  faturate  loo  parts  of  Real  Sulphuric, 
Nitric,  Muriatic,  and  Carbonic  Acids.  {Kirivan.) 


1 00  Parts  of 

Potafh. 

Soda. 

Ammonia, 

Barytes. 

Strontian, 

Lime, 

Magnefta, 

Sulphuric  A. 

121-48 

78.32 

26.05 

200. 

138. 

70. 

57-92 

Nitric  A, 

I17.7 

73-43 

40,35 

178.12 

116.86 

55-7 

47.64 

Muriatic  A. 

177.6 

136,2 

58.48 

314.46 

216.21 

118.3 

89.8 

Carbonic  A. 

95.1 

149.6 

— 

354-5 

231. 

122. 

50. 

From  the  two  laft  Tables  (fuppofing  them  to  be  accurate,  and  on  the  whole  they  appear  to  be 
the  moft  fo  of  any  that  have  been  ever  given)  the  proportional  quantity  of  acid  and  bafe  in  any 
neutral  fait  may  be  found  by  a Ample  calculation.  In  this  ftate  the  fait  is  fuppofed  to  be  abfo- 
lutely  free  from  water  of  cryftallization,  and  at  the  utmoft  degree  of  drynefs.  Such  a ftate  how- 
ever only  can  exift  with  part  of  the  above  compounds,  form  any  of  them  cannot  be  expofed  to  a 
heat  fufficient  to  expel  the  water  which  they  contain  without  at  the  fame  time  driving  off  or  de- 
compofing  a portion  of  the  acid  or  the  bafe.  This  is  the  cafe  with  all  the  ammoniacal  falts,  with 
moft  of  the  nitrats,  with  the  alkaline  carbonats,  with  muriat  of  magnefia,  &c.  fo  that  there  ftill 
is  wanting  to  complete  the  fubjeft  a Table  of  the  aftual  compofition  of  thefe  and  other  falts  at 
different  degrees  of  drynefs.  This  however  we  have  not  thought  it  neceffary  to  add  in  this  place, 
as  we  have  already  mentioned  the  compofition  of  moft  of  them  under  their  refpe£live  heads,  and 
it  muft  be  acknowledged  that  the  confiderable  difference  which  is  found  in  the  eftimations  of 
chemifts  of  eminence,  Ihews  the  neceffity  of  further  refearches,  and  of  a much  greater  accuracy 
regulating  the  temperature  at  which  deficcation  is  made,  than  is  commonly  obferved. 
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TABLES  OF  SIMPLE  AFFINITY. 

{Copied from  Henry's  Epitome  of  Chemistry,  p.  Hii.) 


OXYGEN. 

Carbon, 

Charcoal, 

Manganefe, 

Zinc, 

Iron, 

Tin, 

Antimony, 

Hydrogen 

Phofphorus, 

Sulphur, 

Arfenic, 

Nitrogen, 

Nickel, 

Cobalt, 

Copper, 

Bifmuth, 

Caloric  ? 

Mercury,* 

Silver, 

Arfenous  acid. 

Nitric  oxide. 

Gold, 

Platina, 

Carbonic  oxide. 

Muriatic  acid, 

White  oxide  of  Man- 
ganefe, 

White  oxide  of  Lead. 


OXYGEN.* 

Titanium, 
Manganefe, 
Zinc, 

Iron, 

Tin, 

Uranium, 
Molybdena, 

T ungften. 
Cobalt, 
Antimony, 
Nickel, 


Arfenic, 

Chrome, 

Bifmuth, 

Lead, 

Copper, 

Tellurium, 

Platina, 

Mercury, 

Silver, 

Gold. 


CARBON. 

Oxygen, 

Iron 

Hydrogen. 


NITROGEN. 

Oxygen, 

Sulphur 

Phofphorus, 

Hydrogen. 


hydrogen. 

Oxygen 

Sulphur, 

Carbon, 

Phofphorus, 

Nitrogen. 


SULPHUR. 
PHOSPHORUS  ? 

Potafti, 

Soda, 

Iron, 

Copper, 

Tin, 

L.ead, 

Silver, 


Bifmuth, 

Antimony, 

Mercury, 

Arfenic, 

Molybdena. 


POTASH,  SODA,  AND 
AMMONIA. 

^cids.  Sulphuric, 
Nitric, 
Muriatic, 
Phofphoric, 
Fluoric, 
Oxalic, 
Tartaric, 
Arfenic, 
Succinic, 
Citric, 
Ladlic, 
Benzoic, 
Sulphurous 
Acetic, 
Mucic, 
Boracic, 
Nitrous, 
Carbonic, 
Prussic, 

Oil, 

Water, 

Sulphur. 


BARYTES, 

^cids.  Sulphuric, 
Oxalic, 
Succinic, 
Fluoric, 
Phofphoric, 
Mucic 
Nitric, 
Muriatic, 
Suberic, 


Citric, 
Tartaric, 
Arfenic, 
Laftic, 
Benzoic, 
Acetic 
Boracic  , 
Sulphurous, 
Nitrous, 
Carbonic, 
Prufllc, 
Sulphur, 
Phofphorus, 

W ater, 

Fixed  Oils. 


STRONTITES. 

Acids.  Sulphuric, 
Phofphoric, 
Oxalic, 
Tartaric, 
Fluoric, 
Nitric, 
Muriatic, 
Succinic, 
Acetic, 
Arfenic, 
Boracic, 
Carbonic, 
Water. 


Acids.  Oxalic, 
Sulphuric, 
Tartaric, 
Succinic, 
Phofphoric, 
Mucic, 
Nitric, 
Muriatic, 
Suberic, 


LIME. 


* Vauquelin’s  Table  of  the  affinity  of  the  metals  for  oxygen,  according  to  the  difficulty  with  which 
their  oxides  are  decompofed  by  heat. 
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TABLE  OP  SIMPLE  AFFINITY,  CONTINUED, 


Oxalic, 

Arfenic, 

Fluoric, 

Tartaric, 

Succinic, 

Mucic, 

Citric, 

Phofphoric, 

La£tic, 

Benzoic, 

Acetic, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Prussic. 


Adds.  Fluoric, 
Arfenic, 
Ladtic, 
Citric, 
Malic, 
Benzoic, 
Acetic, 
Boracic, 
Sulphurous, 
Nitrous, 
Carbonic, 
Pruflic, 
Sulphur, 
Phofphorus, 

I Water, 

-Fixed  oil. 


i 

i 

* MAGNESIA. 

f 

Adds.  Oxalic, 
i Phofphoric, 

; Sulphuric, 

Fluoric, 
Arfenic, 
Mucic, 
Succinic, 
Nitric, 
Muriatic, 
Tartaric, 
Citric, 

Malic  ? 

La£l:ic, 

Benzoic, 

Acetic, 

Boracic, 

Sulphurous, 

Nitrous, 

Carbonic, 

Prussic, 

Sulphur. 


ALUMINE. 

Adds.  Sulphuric 
Nitric, 
Muriatic, 


SILEX. 

Fluoric  acid, 

Potafh. 



OXIDE  OF  PLATINA. 
: GOLD.* 

Gallic  acid. 
Muriatic, 

Nitric, 

Sulphuric, 

Arfenic, 

Fluoric, 

Tartaric, 

Phofphoric, 

Oxalic, 

Citric, 

Acetic, 

Succinic, 

Prussic, 

Carbonic, 

Ammonia. 


OXIDE  OF  SILVER. 

Gallic  acid, 


Muriatic, 

Oxalic, 

Sulphuric, 

Mucic, 

Phofphoric, 

Sulphurous, 

Nitric, 

Arfenic, 

Fluoric, 

Tartaric, 

Citric, 

La£Hc,  , 

Succinic, 

Acetic, 

Prussic, 

Carbonic, 

Ammonia. 


OXIDE  OF  MERCURY. 

Gallic  acid. 
Muriatic, 

Oxalic, 

Succinic, 

Arfenic, 

Phofphoric, 

Sulphuric, 

Mucic, 

Tartaric, 

Citric, 

Malic, 

Sulphurous, 

Nitric, 

Fluoric, 

Acetic, 

Benzoic, 

Boracic, 

Prussic, 

' Carbonic. 


OXIDE  OF  LEAD. 

Gallic, 

Sulphuric, 

Mucic, 


Oxalic, 

Arfenic, 

Tartaric, 

Phofphoric, 

Muriatic, 

Sulphurous, 

Suberic, 

Nitric, 

Fluoric, 

Citric, 

Malic, 

Succinic, 

La6tic, 

Acetic, 

Benzoic, 

Boracic, 

Prussic, 

Carbonic, 

Fixed  oils. 

Ammonia. 


OXIDE  OF  COPPER. 

Gallic, 

Oxalic, 
j Tartaric, 

Muriatic, 

Sulphuric, 

Mucic, 

Nitric, 

Arfenic, 

Phofphoric, 

Succinic, 

Fluoric, 

Citric, 

La£lic, 

Acetic, 

Boracic, 

Pruflic, 

Carbonic, 

Fixed  alkalies. 
Ammonia, 

Fixed  oils. 


Omitting  the  oxalic,  citric,  succinic,  and  carboiuc,  and  adding  fulphuretted  hydrogen  after  ammonia. 
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TABLE  OF  SIMPLE  AFFINITY,  CONTINUED. 


OXIDE  OF  ARSENIC. 

Gallic, 

Muriatic, 

Oxalic, 

Sulphuric, 

Nitric, 

Tartaric, 

Phofphoric, 

Fluoric, 

Succinic, 

Citric, 

Acetic, 

Pruflic, 

Fixed  alkalies. 
Ammonia, 

Fixed  oils, 

W ater. 


OXIDE  OF  IRON. 

Gallic, 

Oxalic, 

Tartaric, 

Camphoric, 

Sulphuric, 

Mucic, 

Muriatic,  ' 

Nitric, 

Phofphoric, 

Arfenic, 

Fluoric, 

Succinic, 

Citric, 

La£tic, 

Acetic, 

Boracic, 

Pruffic, 

Carbonic. 


OXIDE  OF  TIN. 


Gallic, 

Muriatic, 

Sulphuric, 


Oxalic, , 

Sulphuric, 

Alumine, 

Tartaric, 

Nitric, 

Zircon, 

Arfenic, 

Tartaric, 

Metallic  oxides. 

Phofphoric, 

Mucic, 

Nitric,  ' 

Phofphoric, 

Succinic, 

Citric, 

Fluoric, 

Succinic, 

PHOSPHORIC  ACID. 

Mucic, 

Fluoric, 

CARBONIC. 1 

Citric, 

Arfenic, 

La£lic, 

Laftic, 

Barytes, 

Acetic, 

Acetic, 

i^trontites. 

Boracic, 

Boracic, 

Lime, 

Pruffic, 

Pruffic, 

Potaffi, 

Ammonia. 

Fixed  alkalies. 

Soda, 

Ammonia. 

Ammonia, 

Magnefia, 

Glucine, 

OXIDE  OF  ZINC. 

Alumine, 

SULPHURIC  ACID. 

^ Zircon, 

Gallic, 

PRUSSIC.* * 

Metallic  oxides. 

Oxalic, 

, Silex. 

Sulphuric, 

Barytes, 

j 

Muriatic, 

Strontites, 

f ■ ' ■ ■■  '■  

Mucic, 

Potaffi, 

Nitric, 

Soda, 

PHOSPHOROUS  ACID 

Tartaric, 

Lime, 

Phofphoric, 

Magnefia, 

Lime, 

Citric, 

Ammonia, 

Barytes, 

Succinic, 

Glucine, 

Strontites, 

Fluoric, 

Yttria, 

Potaffi, 

Arfenic, 

Alumine, 

Soda, 

Laftic, 

Zircon, 

Ammonia, 

Acetic, 

Metallic  oxides 

Glucine, 

Boracic, 

Alumine, 

Pruffic, 

- 

Zircon, 

Carbonic, 

Metallic  oxides. 

Fixed  alkalies. 

SULPHUROUS  ACID. 

Ammonia. 

SUCCINIC.f 

... 

Barytes, 

NITRIC  ACID. 

Lime, 

MURIATIC  11 

OXIDE  OF  ANTIMONY. 

Potaffi, 

Barytes, 

Soda, 

Potaffi, 

Gallic, 

Strontites, 

Soda, 

Muriatic, 

Magnefia, 

Strontites, 

Benzoic, 

Ammonia, 

Lime, 

Oxalic, 

Glucine, 

Magnefia, 

* Witli  the  omission  of  all  after  ammonia. 

J Ammonia  should  come  before  magnesia;  and  stronites,  glucine,  and  zircon,  should  be  omitted. 

Magnesia  should  stand  above  ammonia,  anid  alumina  and  silica  should  be  emitted. 

H AmmOnia  should  stand  above  magnesia. 
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TABLE  OP  SIMPLE  AFFINITY,  CONTINUED. 


Ammonia, 

Glucine, 

Alumine, 

Zircon, 

Metallic  oxides. 

Potalh, 

Soda, 

Strontites, 

Lime, 

Ammonia, 

Magnefia, 

Metallic  oxides, 

Glucine, 

Alumine, 

Zircon. 

FLUORIC  ACID. 

BORACIC  * 

ARSENIC  f 

Lime, 

Barytes, 

OXALIC  ACID. 

Strontites, 

TARTARIC  — 

Magnefia, 

Potalh, 

CITRIC 11. 

Soda, 

Lime, 

Ammonia, 

i Barytes, 

Glucine, 

Stronites, 

Alumine, 

Magnefia, 

Zircon, 

Potalh, 

Silex. 

Soda, 

Ammonia, 

Alumine, 

ACETIC  ACID. 

Metallic  oxides, 

LACTIC  

W ater. 

SUBERIC  — — t 

Alcohol. 

Barytes, 

Potalh, 

BENZOIC  ACID. 

Soda, 

White  oxide  of 
Arfenic, 
Potalh, 

Soda, 

Ammonia, 

Magnefia, 

Oxide  of  Mercury, 
Other  metallic  oxides, 
Alumine. 

Barytes, 

Lime, 

ALCOHOL. 

Magnefia,  ■ ' 

Alumine. 

Water, 

Ether, 

Volatile  oil. 

CAMPHORIC  ACID. 

Alkaline  fulphurets. 

Lime, 

Potalh, 

Soda, 

Barytes, 

Ammonia, 

Alumine, 

Magnefia, 

SULPHURETTED 

HYDROGEN. 

Barytes, 

Potalli, 

Soda, 

Lime, 

Ammonia, 

FIXED  OIL. 

Magnefia, 

Lime, 

Zircon. 

Barytes, 

* Silex  should  be  omitted,  and,  instead  of  it,  water  and  alcohol  be  inserted, 
f Except  silex. 

I With  the  omission  of  strontites,  metallic  oxyds,  glucine,  and  zircon. 

J Zircon  after  alumine. 
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EXPLANATION  OF  THE  PLATES. 


The  twelve  firft  Plates  reprefent  various  articles  of  chemical  apparatus,  all  of  which  have  been 
particularly  defcribed  in  Appendix  I.  It  will  therefore  only  be  neceflary  in  this  place  to  give  the 
names  of  the  different  articles,  and  refer  the  reader  to  the  fame  names  in  the  flrfl  Appendix  for 
their  conftruftion  and  ufes. 

: Plate  i. 

Fig.  I.  A long-necked  Retort  for  procuring  gaffes. 

2.  A Tubulated  Retort. 

3.  An  Adopter. 

4.  A tubulated  or  quilled  Receiver. 

5.  A common  Retort  for  diflillaiion. 

6.  A Balloon  Receiver.  ^ 

7.  A ribbed  glals  Funnel. 

8.  A fmall  Matrafs. 

9.  An  earthenware  Evaporating  veffel. 

10.  An  iron  Sand-Bath-pot. 

11.  A tubulated  Retort,  into  which  fits 

12.  An  Acid-Holder. 

13.  14,  15.  Proof  Bottles. 

16.  A plain  Jar. 

17.  A Bell  Receiver. 

18.  A graduated  or  Eudiometer  Jar. 

19.  A lipped  Jar  for  mixtures,  &c. 

20.  A Precipitating  Glafs. 

21.  A lipped  Glafb  for  mixtures,  &c. 

22.  23,  24.  A common  Crucible  with  its  Cover  and  its  Stand. 

25,  26,  27.  A round  Crucible  with  a Cover  and  Stand. 

28,  29.  Cupels,  round  and  four-fided. 

30.  A Muffle. 

Plate  2. 

31.  ' A common  Still  fitted  to  a portable  furnace. 

32.  A Worm-Tub  or  Refrigeratory. 

33.  34.  A copper  Alembic  with  water  bath  and  refrigeratory. 

35.  A fmall  Alembic. 

36.  A fet  of  Aludels. 

37.  An  Apparatus  for  digeftions,  an  improvement  on 

38.  A Pelican. 

39.  A glafs  Alembic  and  globe  Receiver. 

40.  A feparatory  Funnel. 

41.  A Gun-Barrel  Apparatus  ufed  for  procuring  Hydrogen,  &c. '' 

Plate  3. 

42.  43,  44,  45.  Mr.  Pepys’s  improved  Woulfe’s  Apparatus,  which 
may  alfo  be  ufed  as  a Gas-faturating  apparatus. 

46.  Dr.  Nooth’s  Gas-faturating  apparatus. 

47.  Dr.  Hamilton’s  ditto  , 

48.  A flat-bottomed  Matrafs. 
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Plate  4. 

Fig.  49,  50,  51.  A pneumatic  Water-Trough. 

52.  A round  ditto  ditto 

53.  A mercurial  Trough. 

54.  Mr.  Leflie’s  differential  Thermometer, 

55.  Dr.  Hope’s  Eudiometer. 

56.  Mr.  Davy’s  ditto 

57.  58,  59.  Woulfe’s  apparatus  of  various  Con{lru6l:lon. 

60.  AT  ube  of  fafety. 

Plate  5. 

61,  62.  A common  Gazometer  or  Gas-Holder. 

63.  A hollow  Gazometer. 

Plate  6. 

64.  Mr.  Pepys’s  Gazometer. 

65.  A ftand,  convenient  for  Filtration  fupporting  funnels  and  jars 

66.  An  improved  Acid-Holder 

67.  An  improved  Detonating  Jar  or  Volta’s  Eudiometer. 

68.  A flexible  Tube  belonging  to  Fig.  64. 

Plate  7. 

69  to  76.  Blow-pipe  apparatus  of  various  kinds. 

Plate  8. 

7 77  to  82.  A Black’s  Furnace  with  its  various  parts. 

83,  84,  85.  A Muffle-furnace  for  intenfe  heat. 

Plate  9. 

86  to  89.  A portable  Blaft-furnace. 

90,  91.  A reverberatory  Furnace. 

Pi.  ATE  10.  (Fronti/piece.) 

A view  of  the  range  of  Furnaces  in  Mr.  Pepys’s  Laboratory. 
Plate  ii. 

Sedlion  and  Plan  of  Plate  10. 

Plate  12. 

92.  Conftru£Hon  of  the  door  to  fome  of  the  Furnaces  of  Plate  10. 

93.  Flat-bottomed  Sand-bath  belonging  to  the  fame. 

- 94.  Section  of  the  Furnace  for  naked  diftillation  of  tlie  fame. 

95  to  98.  Fire  Tongs  of  various  forms. 
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Plates  15,  14,  & 15,  ^ 

Illustrative  of  Crystallography. 

Tlie  obje£l  in  felefting  the  following  figures  with  their  defcriptions  (which  are  thofe  of  a£l:ual 
cryftals)  is  principally  to  familiarize  the  young  mineralogift  with  the  terms  of  cryhallography : 
the  reader  therefore  will  not  expe£l  to  find,  delineations  of  all  or  nearly  all  the  forms  of  cryftal- 
Hzation  to  which  minerals  are  fubjeft.  A fufficient  variety,  however,  has,  we  trull,  been 
feledled  to  enable  the  lludent,  with  a little  pradlice,  to  comprehend,  without  much  difficulty,  the 
moll  complex  of  the  forms  that  are  defcribed  in  the  body  of  this  work. 

All  proper  cryftals  are  re£lilinear  folids  bounded  by  plane  furfaces  or  faces:  the  line  of 
jun£lion,  or  that  in  which  two  faces  unite,  is  called  an  edge-,  and  the  point  in  which  three  or 
more  faces  unite  is  called  a folid  angle. 

In  every  cryftal  there  are  two  oppofite  ends  or  extremities ; if  they  terminate  in  folid  angles 
they  are  called  fummits,  if  in  furfaces  they  are  called  hajes.  The  faces  compofing  the  fummit  are 
called  acuminating  planes  or  faces  of  the  terminal  pyramid-,  and  the  edges  by  which  they  unite  are 
called  ed^s  of  the  pyramid. 

The  plane  conftituting  each  bafe  is  called  fimply  the  bafe,  and  the  lines  by  which  it  is  bounded 
are  called  the  edges  of  the  bafe.  The  faces  intervening  between  the  two  bafes  are  called  lateral 
faces,  and  the  lines  by  which  thefe  faces  come  in  contadl  with  each  other  are  called  lateral  edges. 

If  an  edge  or  folid  angle  is  cut  off"  by  the  interpofition  of  one  plane,  fuch  angle  or  edge  is  faid 
to  be  truncated,  or  replaced  by  a fecondary  plane : but  if  it  is  cut  off  by  the  interpofition  of  two 
planes,  the  angle  or  edge  is  faid  to  be  bevilled  or  replaced  by  two  fecotidary  planes  ; and  the  line 
by  which  thefe  fecondary  planes  join  each  other,  is  called  the  bevilling  edge. 

Fig.  I is  the  regular  Tetrahedron,  or  a trihedral  pyramid. 

2 is  the  preceding  With  the  folid  angles  truncated  or  replaced  by  triangular  planes,  a. 
Truncatures. 

* 3 is  No.  I.  with  all  the  edges  truncated.  » Truncatures. 

4 is  No.  I.  with  the  edges  bevilled.  a Bevilling  edges. 

5 is  the  preceding,  in  which  the  bevilling  planes  have  entirely  obliterated  the  original  ones. 

6 is  the  Pyramidal  Octohedron,  compofed  of  two  tetrahedrons  joined  bafe  to  bafe. 
a Summits,  b acuminating  faces,  c edges  of  the  common  bafe. 

7 is  the  preceding,  with  the  fummits  truncated. 

8 is  No.  7.  with  fecondary  pyramids  placed  on  the  truncatures. 

9 is  No.  6.  truncated  on  the  edges. 

10  is  No.  6.  bevilled  on  the  folid  angle.s. 

1 1 is  No.  6.  truncated  on  the  folid  angles,  and  bevilled  and  truncated  on  the  edges. 

12  is  a pyramidal  odlohedron,  with  wedge-ffiaped  fummits  and  a rhomboidal  common  bafe. 
a Edges  of  the  common  bafe. 

13  14  are  the  Rhomboid,  which  may  be  confidered  either  as  a tetrahedral  prifm,  or  as 
compofed  of  two  trihedral  pyramids  with  rhombic  faces. 

15  is  No.  14  truncated  on  all  the  folid  angles. 

16  is  a rhomboidal  prifm  with  dihedral  fummits. 

17  is  the  preceding,  with  the  alternate  folid  angles  bevilled. 

18  is  a rhomboidal  prifm,  truncated  on  the  obtufe  lateral  edges,  a a Truncations. 

19  is  the  C UBE,  which  may  alfo  be  confidered  as  a rectangular  prifm. 

20  is  the  preceding,  with  all  the  edges  truncated. 

2 1 is  No.  19,  with  all  the  folid  angles  truncated. 

22  is  No.  19.  bevilled  on  all  the  edges. 

23  is  a Rectangular  Prism,  terminated  by  tetrahedral  pyramids. 
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Tig.  a4  is  the  preceding,  bevilled  on  the  folld  angles  of  the  prifm. 

25  is  No.  23.  truncated  on  the  lateral  edges. 

26  is  an  oblique  re£langu!ar  prifm  deeply  bevilled  on  the  folid  angles. 

27  is  a rectangular  prifm  with  rhomboid?.!  fummits. 

28  is  the  preceding,  with  the  lateral  edges  truncated. 

29  is  a tetrahedral  table  bevilled  on  the  edges. 

30  is  the  Rhomboidal  Dodecahedron. 

31  is  the  preceding,  with  all  the  edges  truncated.  ‘ 

32  is  an  elongated  acute  rhomboidal  dodecahedron.  ^ 

33  is  the  preceding,  with  the  fummits  truncated. 

34  is  No.  32.  with  the  edges  of  the  fummit  bevilled  and  truncated, 

35  is  the  regular  Hexahedral  Prism. 

36  is  the  preceding,  terminated  by  hexahedral  pyramids. 

37  is  No.  36.  with  the  pyramids  deeply  truncated. 

38  is  No.  37.  with  the  folid  angles  alfo  truncated. 

39  is  No.  36.  with  the  lateral  edges  truncated. 

40  is  a hexahedral  prifm,  with  three  fuperpofed  pyramids  on  each  bafe,  the  two  lower  of 
which  are  deeply  truncated. 

41  Is  the  Pyramidal  Dodecahedron. 

42  is  the  preceding,  with  the  fummits  deeply  truncated*  and  fecondary  pyramids  fet  on  tha 
truncatures. 

43  is  the  Eicosahedron,  with  triangular  faces. 

44  is  2.  genicutated  Octohedral  Prism. 
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INDEX. 


N.  B.— thofe  articles  are  introduced  in  this  Index  *which  will  not  he  readily  found  in  their  proper 
place  in  the  bcJy  of  the  %uork.  The  figures  that  are  not  preceded  by  Roman  numerals  imply  the  pages  of  the 
fir  ft  volume.  Appendix  1.  requires  no  Index,  and  a Table  of  Contents  is  prefixed  to  Appendix  11, 
relating  to  weights  and  meafures,  and  other  ufeful  tables. 


Agate,  282. 

Alsbafter,  547.  ii.  44. 

Alloy,  Copper  ami  zinc,  166. 
Amalgams,  ii.  91. 

Amalgam  of  Platina,  n.  235. 
Amalgamation,  521.  ii.  309. 
Ammoniacum,  Gum.  ii.  277. 
Anime,  Gum.  11.  275. 

Antimony  and  Copper,  89. 

Iron,  89. 

Tin,  89. 

Arfenic  and  Tin.-  104. 

— Iron,  104. 

Lead,  105. 

Arfeniat  of  Lime,  native,  ii.  207, 
Afafoetida,  ii.  277. 

Aflay  weights,  116.  , 
Aventurine,  427. 

Aventurine,  ix.  270. 

Axeftone,  ii.  135. 

Balfam  of  Mecca,  ii.  274. 

Capivi,  ditto 

■ Peru,  II  275.- 

T olu,  ditto 

Storax,  ditto,  276. 

Bardiglio  marble,  548. 

Bell-metal,  348. 

Bifmuth  and  Lead,  139. 

Bifmuth,  Tin,  and  Lead,  139» 
Bitter  principle,  ii.  293. 

Black  dyes,  369. 

Black  wad,,  ii.  55. 

Blue  dyes,  372. 

Blue  John,  437. 

Blue  Saxon,  374. 

Bologna  phial,  495. 

Bovey  coal,  297. 

Brafil  wood,  385. 

Brine  fprings,  11.  118* 

Bronze,  348. 

Brown  coal,  297. 

Buff  dyes,  385. 

Burgundy  pitch,  11.  449,  45*. 
Calico  priming,  387. 


Canada  balfam,  ii.  449. 

Carburet  of  Copper,  31. 

Cawk,  551. 

Cerium,  li.  507, 

Chalk,  black,  ii.  413, 

Chalk,  red,  587, 

Chameleon,  mineral,  222. 

Charcoal,  mineral,  299. 

Colouring  matter  of  Flax  and  Hemp,  144; 
Combuftion,  theory. of,  ii.  197. 
Congelation,  205. 

Copper  and  Arfenic,  346. 

Mangancfe,  346. 

• Iron,  346. 

Lead,  347. 

— Zinc,  347. 

__ Tin,  347. 

Cupellation, . 1 10.  ii.  305^.  ^ 

Curd,  II.  100. 

Derbyfliire  Ipar,  437. 

Dragon’s  blood,  ii.  275. 

Earths,  mutual  affinity,  53.  126. 

Egg,  white  of,  21. 

Elemi,  ii.  276. 

Euphorbium,  ii.  277. 

Fard,  blanc  de,  138. 

Fermentation,  panary,  174. 

Galbanum,  ii.  277. 

Galena,  ii.  9. 

Gallftone,  134. 

Glafs-blower’s  lamp, 

Glafs  mirrors,  manufa£lure  of,  500, 

Gold  and  Arfenic,  537. 

— Antimony,  538. 

Zinc,  538. 

— — Cobalt,  538. 

—Nickel,  538. 

Manganefe,  538, 

— Bifmuth,  538. 

Lead,  C38., 

Tin,  538. 

Iron,  539.  - 

• Platina,  539. 

— Silver,  539. 
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Goldbeatinpf,  art  of,  530. 

Green,  Brunfwick,  176. 

Green  dyes,  386. 

Green  fecula  of  plants,  424.  ] 

Green,  Scheele’s,  34.3. 

Grey  dyes,  372.  ! 

Gritilone,  ii.  285. 

Guaiacum,  ii.  278. 

Hederaj,  gum,  ii.  276. 

Honeflone,  ii.  413. 

Hungary  balfam,  ii.  448. 

Hyperoxymuriatic  acid,  ii.  202 
Ice,  preparation  of,  at  Benares,  444. 

Indigo,  372. 

Ivory  black,  161. 

Lacquering,  art  of,  ii.  46^. 

Ladanum,  ii.  276. 

Lake  red,  312. 

Lamp  black,  235,. 

Lead,  black,  300. 

Lead,  red,  u.  x8. 

Lead  and  Antimony,  ll.  29. 

Lead  and  Zinc,  ii.  29. 

Light,  phofphorefcent,  ii.  224. 
Lydianflone,  ii.  3.  ' 

Madder,  378. 

Manganefe  and  Arfenic,  ii.  66. 

Manganefe,  adtion  of,  in  glafs  making,  487. 
Maftich,  II.  276. 

Mercury,  congelation  of,  448, 

Metallic  foaps,  ii.  332. 

' Mordants,  368 — 388. 

Mortar,  277. 

Mountain  foap,  13 1. 

Mucous  acid,  ii.  in. 

Mufcovy  talc,  ii.  98. 

Mulk,  artificial,  ii.  274. 

Myrrh”,  ii.  277. 

Nickel  and  Gold,  ii.  138. 

Silver  ditto. 

Copper,  ditto. 

Tin,  ditto. 

Iron,  ditto. 

Nitre,  II.  152. 

Nitre,  native,  ii.  155. 

Nitro-fulphuric  acid,  ii.  3.16. 

Ochroites,  ii.  507. 

■Olibanum,  it.  277. 

Ores,  ftamping  and  wafliing  of,  52^* 
Opopanax,  ii,  277., 

Oxalat,  metallic,  ii.  194. 

Peaftone,  ii.  46. 

Petong,  346. 


Pewter,  ii.  433.  - 

Pitch,  mineral,  141. 

Platina  and  Lead,  11.235. 

Porcellanite,  ii.  i. 

Prufiiats,  metallic,  ii.  256, 

Qjuercitron,  376. 

Red  dyes,  378. 

Rhaumus  infedforius,  I22. 

Roeftone,  11.  45. 

Rofes,  attar  of,  methods  of  preparing,  rr.  1 8 r . 
Rum,  manufadture  of,  li.  338. 

Rupert’s  drop,  495. 

Sagapenum,  ii.  277.’  ' 

Salt,  common,  manufadture  of,  ii.  Ii8. 
Salts,  folubility  of,  in  alcohol,  33. 

Scarlet  dying,  381. 

Schorl,  II.  508. 

Shagreen,  preparation  of,  ii.  37. 

Silver  and  Copper,  ii.  323. 

Lead,  II.  324. 

Iron,  ditto. 

Gold,  II.  323. 

Platina,  .11.  235. 

Silvering  of  mirrors,  502. 

Silver  plate,  ii.'  325. 

Siikenfide,  ii.  10. 

Soapftone,  ii.  341. 

Soda,  preparation  of,  from  common  *nd 
Glauber’s  fait,  ii.  126, 

Stamping  mill,  521. 

Star  ftone,  353. 

Steel,  600 — 6 1 1. 

Succinic  acid,  a tell  for  Iron,  620. 

Tanning  leather,  the  art  of,  ii.  30. 

Tawing,  the  art  of,  ii.  34. 

Teeth,  162. 

Tin  plate,  627. 

Tinning  copper  and  brafs,  11.  427. 

Tombac,  347. 

Touch  needles,  1 14.  . 

Tourmaline,  ii.  508. 

Type  metal,  ii.  29. 

Water,  its  power  of  condudting  heat,  195. 

expanfion  by  heat,  20l. 

W eights,  aflay,  1 1 6. 

Weld,  376. 

Woad,  373. 

Wood,  bituminized,  297. 

Woods,  proportion  of  charcoal  yielded  by,235 
Woods,  their  power  of  condudling  heat,  191 
Wootz,  605.  * 

Yellow  dyes,  376. 

Yellow,  Turner’s  patent,  ii.  28.  127. 
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